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ABSTRACT 

Employers report that college graduates lack skills necessary to be successful in today’s 

workforce. Referred to as employer-desired competencies (EDCs) in this dissertation, and soft, 

transferable, or 21st-century skills throughout the literature, these skills commonly include 

communication, teamwork, problem-solving, and critical thinking. Lack of proficiency in these 

skills are reported as a primary cause behind the skills gap - the divide between what students 

have learned or acquired during their college education and the skills employers desire of new 

hires. This gap has been noted for its negative effects on employers’ ability to find suitable 

applicants and graduates’ ability to achieve employment. As a result, educational institutions 

have been tasked with implementing more career focused opportunities into the curriculum to 

better prepare students for 21st-century careers. Of particular interest in science, technology, 

engineering, and mathematics (STEM) education are introductory courses that are generally 

large enrollment and have gained notoriety due to their influence on retention of STEM majors. 

Within such courses, project-based learning is a student-centered approach that has been reported 

to create a learning environment that encourages growth of EDCs, which can kickstart career 

preparation.   

The studies presented herein sought to investigate the phenomenon of EDC development 

in introductory project-based general chemistry laboratory courses from both a student and 

instructor perspective using a mixed-methods approach. Primarily focusing on qualitative 

methods of data collection and analysis, interviews were conducted with n = 53 undergraduate 

students enrolled in the project-based general chemistry laboratory courses and n = 12 graduate 

student teaching assistants (GTAs) who instructed these courses.  

Using a transcendental phenomenological approach in the qualitative analysis, we first 

explored undergraduate student perceptions of what competencies were needed for their planned 

careers (student-perceived competencies, also referred to as SPCs), how SPCs overlapped with 

EDCs, development of prevalent competencies, and how course components of the general 

chemistry laboratory courses supported development. Surveys, administered to undergraduate 

students as alternatives to participating in interviews, were used to supplement interview 

findings. Further, GTAs were asked what career-relevant competencies they believed were 

gained as instructors for these courses and how their teaching experiences contributed to this 

development.  
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Using thematic analysis, six prevalent SPCs were identified by undergraduate students as 

valuable career competencies – communication, teamwork, problem-solving & critical thinking, 

prioritization & time management, work ethic, and technical skills. Comparison of these skills to 

widely recognized EDCs shows that students can identify valuable workplace competencies. 

Further investigation showed that course components supported development of the first four 

SPCs. Three main themes were found relating course components to skill development: 1) 

collaboration with teams, 2) open inquiry learning, and 3) project management.  

As this study progressed, the COVID-19 pandemic occurred, forcing the project-based 

general chemistry laboratory courses to operate remotely. This shift to remote learning opened a 

new area of inquiry not previously planned for – how online learning influenced undergraduate 

student perceptions of EDC development. Emergent in interview responses was how online 

learning negatively affected student ability to develop technical skills (e.g., laboratory skills and 

techniques). Further, being able to adapt to the online environment seemed to affect whether a 

student believed development of the other EDCs – communication, teamwork, work ethic, 

problem-solving & critical thinking, and prioritization & time management – were supported, 

hindered, or unaffected online.  

Emergent in GTA interviews was that interpersonal skills were the most prevalent skills 

GTAs believed were developed as instructors for these courses – specifically communication 

(e.g., verbal) and leadership (e.g., mentoring) skills. Themes surrounding how instructing the 

general chemistry laboratory courses supported development of these skills included: 1) learning 

to converse with diverse sets of students, and 2) having to guide students through projects.   

These findings support project-based learning in the general chemistry laboratory as a 

pedagogical approach to encourage development of EDCs from the student and instructor 

perspective. Further, these studies emphasize how technical skills were an important aspect that 

was missed by students in a remote learning environment. Use of student career goals and 

perception of what can be gained from a course can be used to drive additional learning goals 

and curriculum design. By leveraging skills that can contribute to career preparation, 

introductory courses can continue to be framed as beneficial experiences in students’ 

undergraduate education.  
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CHAPTER I: PURPOSE, QUESTIONS, & AIMS 

Career preparation to support workforce success is a desired outcome of enrolling in and 

completion of a higher education degree from both the student’s (Broekemier, 2002; Fermin & 

Pope, 2003; Gallup Inc & Strada Education Network, 2018) and employer’s (Bridgeland et al., 

2011; Finley, 2023) perspectives. While some employers are confident in the career preparation 

higher education can provide (Bridgeland et al., 2011; Finley, 2023), others do not believe 

college students are adequately prepared by their college education in obtaining the skills needed 

to enter and flourish in the 21st-century workforce (Carlson, 2022). Employers desire that the 

recent college graduates they hire come equipped with soft skills, such as communication, 

teamwork, problem-solving, and critical thinking skills (Finley, 2023; National Association of 

Colleges and Employers, 2023), in addition to the conceptual knowledge that traditional 

education focuses on. Although college degrees continue to be valued, many college graduates 

lack the career competencies needed for the 21st-century workforce leading to what has come to 

be known as the skills gap. This problem has been recognized in chemistry education both 

nationally (Kondo & Fair, 2017; Sinex & Chambers, 2013) and internationally (Burnham, 2020; 

Chadwick et al., 2018; Galloway, 2017; Yasin & Yueying, 2017). Locally, when employers were 

asked about what they looked for when hiring recent graduates in the natural sciences from this 

university, they focused on soft skills (Telfor, 2017). Further, many reported that while these 

students developed strong disciplinary knowledge, their soft skills were often underdeveloped.  

The research reported in this dissertation examines the role that project-based general 

chemistry laboratory 1 (GCL1) and 2 (GCL2) courses could play in providing early opportunities 

for undergraduate STEM students to develop valuable career competencies as an initial step in 

addressing the skills gap and aiding in career preparation. These project-based laboratory courses 

are rooted in a pedagogy that incorporates a highly collaborative classroom environment in 

which students are given projects that include planning experimental investigations to answer a 

question or solve a problem, engaging in experimentation and data collection, using evidence 

collected to answer the question or propose a solution to the problem, and preparing reports in 

several different formats to capture the entirety of the project (Carmel et al., 2017; Cooper, 

2012). The project-based method of instruction is believed to support development of desirable 

21st-century skills (Bell, 2010; Jollands et al., 2012)(Bell, 2010; Jollands et al., 2012). We set out 

to not only explore if undergraduate students taking these courses perceived that they were 
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developing valuable employer-desired competencies (EDCs), but also to investigate if the 

graduate teaching assistants (GTAs) in these courses perceived that they gained valuable EDCs. 

The sudden transition to remote learning that occurred as a result of the COVID-19 pandemic in 

March 2020, which was not anticipated when this research began, provided an opportunity to 

investigate the influence of online learning on perceptions of EDC development. Throughout this 

study, valuable career competencies will be referred to as soft skills, 21st-century skills, and 

EDCs interchangeably.  

Three main areas of inquiry motivated this work: 1) skills undergraduate students 

perceived as valuable for their intended careers and development of these skills within the 

GCL1/GCL2 laboratory courses, 2) the effect of online learning on students’ perceived ability to 

gain valuable career competencies in these courses, and 3) skills that graduate teaching assistants 

believed they gained from being an instructor for the project-based general chemistry laboratory 

courses. Chapter II will offer a review of the literature in areas relevant to this research, 

including the origin of skills gap and the purpose of laboratory learning in education, while 

Chapter III explores the mixed-methods approach employing both qualitative (e.g., interviews) 

and quantitative (e.g., surveys) data that was used to answer the research questions.  

The findings reported herein are aimed at contributing to our understanding of how 

engagement by undergraduate students and graduate TAs in project-based general chemistry 

laboratory courses may contribute to building EDCs needed for career success. While this study 

explores introductory laboratory courses taken within a Chemistry Department as an initial step 

towards addressing the skills gap, future research investigating development of skills identified 

as necessary for career success in other disciplines and throughout a student’s college career 

would greatly benefit this area of research. An overview of the four studies reported in this 

dissertation, with their aims and research questions, are provided below.  

Study 1. 21st-Century Skill Development in Project-based General Chemistry Laboratory 

Courses: A Phenomenological Approach 

This study, which is reported in Chapter IV, used primarily qualitative methods to explore 

student perceptions of the skills needed for their planned career goal and how course elements in 

the project-based general chemistry laboratory courses contributed to development of these 

skills. From analysis of n = 53 semi-structured interviews, conducted with GCL1 and GCL2 

students, following a transcendental phenomenological methodological approach, qualitative 
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themes were generated around 1) participants’ career goals, 2) skills they perceived as necessary 

for success in their future career, which will be referred to as student-perceived competencies 

(SPCs), and 3) the ways in which participants thought the GCL1 and GCL2 learning 

environment supported growth of these skills. The following research questions guided this 

study:  

1. (RQ1) What skills do students believe are needed for their career goal, and how do these 

student-perceived competencies (SPCs) align with employer-desired competencies 

(EDCs)?  

2. (RQ2) How do students relate course components and activities in a project-based 

general chemistry laboratory learning environment to skills perceived as necessary for 

their planned career?  

Study 2. Online and Out of the Lab: Exploring the Impact of Virtual Learning on 21st-

Century Skill Development in Project-based Laboratory Courses 

The original study to explore student perceptions of competencies required for their planned 

career (SPCs) and opportunities to develop these skills in project-based general chemistry 

laboratory courses (Study 1) was planned prior to the COVID-19 pandemic. However, data 

collection began in Spring 2020 and continued through Fall 2020. As a result, participants in the 

study experienced GCL1 and GCL2 in several different modalities. Spring 2020 participants had 

an in-person experience for roughly half the semester followed by emergency remote learning 

for the remainder of the semester, while Summer 2020 and Fall 2020 participants engaged in the 

courses entirely online. This provided an unanticipated opportunity to explore student 

perceptions of the impact of online learning on development of the 21st-century skills desired by  

employers in project-based GCL1 and GCL2 courses. Transcripts from the interviews conducted 

for Study 1 were reexamined through the lens of online learning being perceived as a support or 

hinderance to SPC development. Chapter V presents the results of this study, which aimed to 

answer the following research question:  

1. (RQ1) What impact did the online learning environment have on students’ perceived 

ability to develop student-perceived competencies (SPCs) in project-based general 

chemistry laboratories?  
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Study 3. Connecting and Comparing Survey Results to Interview Findings on Student 

Perceptions of 21st-Century Skill Development 

During the semesters when interviews were conducted for Study 1 and Study 2, surveys were 

administered in GCL1 and GCL2 as an alternative extra-credit option for students who did not 

volunteer or were not selected for interviews. Additionally, surveys were administered in Spring 

2021 and Fall 2021 semesters, to collect further evidence on student perceptions of EDC 

development in the general chemistry laboratory courses. In Chapter VI, we investigate if 

responses captured from the larger survey sample corroborated or contradicted themes that 

emerged from interviews in Study 1 and Study 2. The larger sample size also permitted 

exploration of possible relationships between student perceptions of EDCs needed for their 

planned career and EDCs developed in GCL1 or GCL2 and other variables, such as planned 

career, prior exposure to planned career, first-generation status, and class standing. The majority 

of survey questions paralleled interview questions focusing on 1) participant’s future career 

goals, 2) skills perceived as valuable to future career, 3) perceived development of valuable 

career competencies in the GCL1/GCL2 laboratory courses, and 4) the influence online learning 

was believed to have on skill development (RQ1 - RQ5). During one semester (Spring 2021), a 

reflective assignment explored how the introduction of EDCs in the course materials, provided at 

the beginning of each GCL1 project, contributed to building awareness of career-related skills 

(RQ6). This study was framed by the following research questions:  

1. (RQ1) What skills do students believe are needed for their career goal, and how do these 

skills align with employer-desired competencies (EDCs)?  

2. (RQ2) What relationships, if any, existed between student perceptions of valuable career 

competencies and student characteristics, such as career goal, prior experience & 

exposure to career goal, first-generation status, and class standing?  

3. (RQ3) How do students relate course components and activities in a project-based 

general chemistry laboratory learning environment to skills perceived as necessary for 

their planned career?  

4. (RQ4) What relationships, if any, existed between student perceptions of development of 

valuable career competencies within the general chemistry laboratory courses and student 

characteristics, such as career goal, prior experience & exposure to career goal, first-

generation status, and class standing? 
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5. (RQ5): What impact did the online learning environment have on students’ perception of 

skills considered valuable for their future career and their perceived ability to develop 

these student-perceived competencies (SPCs) in project-based general chemistry 

laboratories? 

6. (RQ6): How did introduction of EDCs in course materials contribute to building student 

awareness of EDCs?  

Study 4. Beyond the Graduate Degree: Development of 21st-Century Skills as a Graduate 

Teaching Assistant in Project-based General Chemistry Laboratory Courses 

Graduate teaching assistants (GTAs) serve as the primary instructors for the project-based GCL1 

and GCL2 courses. Within this learning environment, GTAs are placed in a mentorship role in 

which they guide students through course projects and work collaboratively with both students 

and co-GTAs to ensure that student teams have developed a reasonable plan to answer the 

question or solve the problem posed, all team members are contributing, and laboratory work is 

performed safely and efficiently. Teaching assignments, such as these, can potentially provide 

beneficial opportunities for professional growth and development; however, their potential value 

can be overlooked in chemistry graduate programs because research is the primary focus with 

teaching often viewed purely as a means of support. The skills gap is not limited to recent 

bachelor’s graduates. Concerns also exist about graduate degree holders being inadequately 

trained and lacking the soft skills necessary to be successful in today’s workforce (National 

Academies of Sciences, Engineering, and Medicine, 2018; Nature, 2023). It may be possible to 

leverage the graduate teaching experience to build some of the soft skills desired by employers.  

Semi-structured interviews were conducted to explore GTA perceptions of their 

experiences as an instructor for project-based general chemistry laboratory courses in the context 

of developing valuable workplace skills. Interviews also probed GTA perceptions of the skills 

developed by their students to examine if there was alignment between GTA perceptions and the 

skills that students reported developing. Exploring if instructor and student perceptions align 

could provide useful information for future curriculum design aimed at targeting development of 

specific EDCs and training of graduate teaching assistants to implement the curriculum as 

intended. The research questions that guided this study, which is reported in Chapter VII, were 

as follows:  
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1. (RQ1): What career-relevant skills do graduate teaching assistants believe they are 

developing as an instructor for the general chemistry laboratory courses? 

2. (RQ2): How do graduate teaching assistants perceive that they are developing skills 

needed for their career while serving as an instructor for the general chemistry laboratory 

courses?  

3. (RQ3): What skills do graduate teaching assistants believe their students are developing?  

4. (RQ4) How do the skills that teaching assistants think their students are developing align 

with skills students perceive they are building in the course?  
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CHAPTER II: LITERATURE REVIEW 

The driving force for the studies presented in this dissertation was to investigate how the general 

chemistry laboratory I (GCL1) and II (GCL2) courses were perceived to provide opportunities 

for development of valuable 21st-century skills by both undergraduate students enrolled in these 

courses and the graduate student teaching assistants who instructed these courses. As large 

portions of this study were conducted during the COVID pandemic when undergraduate students 

were enrolled in remotely operated laboratory courses, the perceived impact that online learning 

had on students’ ability to develop important career competencies was an additional area of 

interest.  

Present in the literature are a plethora of studies, reports, and books exploring each of the 

factors presented above, leading to four distinct parts explored in this literature review. Part 1 

will investigate the motivations for obtaining a higher education degree to showcase why 

students attend college and what they hope to gain from their experience. Part 2 will define the 

skills gap and the skills needed to be successful in the 21st-century workforce, while also 

exploring the connection between higher education and its role in preparing students for modern 

day careers. Part 3 will provide a brief history of laboratory education and how this learning 

environment can provide students with opportunities to foster development of valuable 21st-

century skills. This literature review will conclude with Part 4 looking into the origins of online 

learning in university settings, the best pedagogical practices to use when operating remotely, 

and how learning is affected when students engage at a distance.  

Part 1. College Education – A Gateway to a Better Life 

Educational institutions are constantly under pressure to provide evidence for the value of 

obtaining a college degree and the preparation provided by their programs for future career 

success. Higher education commercials and internet ads boast the promise of success beyond a 

college degree through career preparation and job placement programs (Lee, 2019). Prospective 

students and parents seek out the best tertiary institutions through the hopeful eyes of higher 

education being an investment for future career success (Broekemier, 2002; Fermin & Pope, 

2003; Lee, 2019). However, the value that today’s students attribute to obtaining a college 

degree does not always align with how higher education was perceived historically. Prior to 

World War II, pursuing a college degree represented the innate curiosity and drive to expand 

one’s knowledge reserved for the upper class (Covaleskie, 2014). Economic prosperity and 
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college degree attainment was correlated only with the financial means of the upper social 

classes and access to higher education institutions. The goals for obtaining a college degree have 

since evolved. In the years following World War II, it came to be seen as economic currency to 

be exchanged for a better life because it equated to more fruitful job opportunities. The 

introduction of the GI Bill allowed broader access to education for veterans from lower social 

classes, causing a shift in the purpose behind a college degree. Through this, the addition of 

educational qualifications for job opportunities and admission to higher paying jobs was created, 

ultimately leading to the perspective that a college degree will open the doors to career success 

and financial gain. This sentiment is shared by prospective students and parents today when 

selecting a higher education institution (Broekemier, 2002; Fermin & Pope, 2003; Lee, 2019) 

and act as a  motivator for continuing education through pursuing a graduate degree (Cho-Baker 

et al., 2022).  

Along with an increase in accessibility of higher education to broader populations, the 

Higher Education Act of 1965 was passed to provide financial assistance to those who wanted to 

pursue higher education but did not have the means to (Fountain, 2018). With this, loan 

borrowing expanded from federal to private lenders, ultimately leading to today’s student loan 

debt crisis (Watson, 2019). The benefits of a college degree are now often weighed against the 

possibility of accumulating a burdensome amount of student loan debt that can accrue during a 

student’s undergraduate and graduate degree (Schmitt & Boushey, 2012).  

This raises the question of the worth of a college degree and its return on investment. 

Nuckols et al. found that college graduates struggled to justify the worth of their college degree 

and the subsequent acquired student loan debt; although a higher education degree provided 

students admittance into a chosen career path, the financial gains were not perceived as 

proportional to degree attainment (Nuckols et al., 2020). Instances of acquaintances without 

college-level degrees obtaining higher salary jobs in the workforce were cited as an argument 

against higher education and loan borrowing, although access to desired jobs was perceived as a 

positive outcome of a college degree.  

As of 2022, unemployment rates were lower for those who received at least some college 

education and continued to decline for those who received an associate degree or higher when 

compared to those with a high school diploma or less (U.S. Bureau of Labor Statistics, 2022). 

Not only were unemployment rates lower, but median weekly earnings were directly 
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proportional to the level of degree attainment, with increasing pay as the level of education 

increased. While these look to be promising results for prospective students entering higher 

education, the workforce is showing some instability with a rise in unemployment rates 

(Education Dynamics, 2023). A projected increase in jobs available but a lack of educated 

individuals to fill these spots (Education Dynamics, 2023) makes it clear that there remains a 

need for higher education institutions to supply graduates with the knowledge and skills needed 

to be competitive and successful when entering the job market.  

Part 2. 21st-Century Skills – Defining the Competencies & Qualities Employers Desire from 

College Graduates  

The transition to the 21st century was accompanied by a marked change in the job market 

(National Academies, 2011). Technological advancements, which resulted in an evolving labor 

force, brought forth careers that required proficiency of skill sets extending beyond conceptual 

knowledge and technical skills (Binkley et al., 2012; Boyer 2030 Commission, 2022; Burrus et 

al., 2013). Jobs now required employees to be proficient in skills such as communication, 

teamwork, problem-solving, and critical thinking, collectively referred to as soft, transferable, or 

21st-century skills (National Academies, 2011; Olesen et al., 2020). It is the transferable nature, 

in which these skills are believed to be applicable across a variety of contexts and careers 

(National Research Council, Committee on Defining Deeper Learning and 21st Century Skills, et 

al., 2012; Olesen et al., 2020), that makes them highly valued. However, evidence supporting the 

transference of skills learned in an educational or training context to the workplace or across 

domains is scant (Laker & Powell, 2011; National Academies, 2011; Perkins & Salomon, 1992). 

This highlights how challenging it can be to bridge what was learned in the classroom to on-the-

job experiences (Jackson et al., 2019). Due to the lack of evidence supporting skill transfer, 

accompanied by employers' desire for graduates to enter the workforce with these skills, the 

moniker of employer-desired competencies (EDCs) will be used to refer to these skills 

throughout the remainder of this dissertation.  

EDCs have been of interest for years in higher education due to employers perceiving a 

lack of preparation and inability of college graduates to display proficiency in these skills 

(Bridges, 1993; Burrus et al., 2013; Hart Research Associates, 2018; National Association of 

Colleges and Employers, 2023; The Economist Intelligence Unit Limited, 2014). This problem 

extends beyond undergraduate students, also affecting graduate students who have been reported 
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to lack valuable 21st-century skills such as teamwork, communication, and leadership (National 

Academies of Sciences Engineering and Medicine, Committee on Revitalizing Graduate STEM 

Education for the 21st Century, et al., 2018). These findings show a disconnect between what 

students are learning in colleges and universities and the career preparation needed to be 

successful in today’s job market. A recent report by American Association of Colleges & 

Universities (AAC&U) showed that while employers are confident in higher education’s ability 

to prepare students for the workforce, there continues to be a perceived lack of preparation in 

EDCs, specifically communication, problem-solving, and critical thinking (Finley, 2023). 

While some reports focus on employers blaming higher education for not evolving in 

response to a changing economy and fulfilling the needs of the workforce  (Burrus et al., 2013; 

The Economist Intelligence Unit Limited, 2014), others recognize that both educational 

institutions and training on-the-job offer different but valuable learning experiences (Hager & 

Hodkinson, 2009). The recent Boyer 2030 Commission’s report, The Equity/Excellence 

Imperative, sought to address areas of reform needed in higher education at research universities, 

focusing on providing equitable means to attaining education that can lead to success in all areas 

of life (Boyer 2030 Commission, 2022). They emphasized the need to again see the value in 

liberal education, that provides general education in a variety of areas (e.g., arts, humanities, 

sciences) throughout an undergraduate’s career, to meet the objective of preparing students in 

“world readiness”, defined as: 

Education for world readiness must be coherent, transparent, and explicit in 

purpose. It must simultaneously prepare undergraduates for life as productive 

citizens and economic actors where the best way to do both is to prepare 

students for life itself—life in our times and with an anticipated future in mind, 

which is to say, for world readiness (Boyer 2030 Commission, 2022).  

This goes beyond the short-term goal of obtaining a job post-graduation, to recognizing 

the need to provide an education that allows students to seek fulfilling careers or life goals, in 

which students feel they are making meaningful contributions within both society and their 

personal lives. Within this report, pertinent skills such as communication (both oral and written) 

and critical thinking emerged as necessary for long-term career success. From this came the 

recommendation to integrate these skills throughout a student’s college education, pushing the 
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focus from discipline-specific knowledge alone to the culmination of broad skill sets. To achieve 

this outcome, the report suggested being explicit about the importance of general education 

courses and how they are key agents to better prepare students for life and career success, along 

with continually introducing students to career opportunities and resources from early in a 

student’s undergraduate career.  

Despite the need for better career preparation as a goal of undergraduate education, 

implementing EDC development in higher education can be problematic due to two key issues – 

1) lack of consensus on how to define these skills and 2) inadequate methods of assessment to 

measure proficiency (National Academies, 2011; Olesen et al., 2020). While clear and 

measurable definitions of each individual EDC are lacking, which will be explored below, a 

central issue concerning all EDCs is the umbrella terminology used to describe them. Skills are 

defined by one’s ability to use and apply knowledge to complete a task (Lamri & Lubart, 2023; 

National Research Council, Committee on Defining Deeper Learning and 21st Century Skills, et 

al., 2012), and while EDCs are often described as transferable, Hager & Hodkinson contest the 

perception that skills are contextually independent and the notion that what is acquired from an 

educational learning environment can be wholly transferred to the workplace (Hager & 

Hodkinson, 2009). They argued that instead of viewing formal education as the primary means 

of preparing workforce-ready graduates equipped with skills and knowledge that transfer to the 

job setting, educational institutions should acknowledge their place as being one of many 

contributing to a learner’s experience. With the two environments recognized as disparate 

contexts, it is posited that transference between an educational setting and workforce 

environment can be difficult (Jackson, 2016), and that situating learning in close or similar 

contexts (known as near transfer) is more likely to result in transference than when contexts 

drastically differ (known as far transfer) (National Academies of Sciences Engineering and 

Medicine, Division of Behavioral and Social Sciences and Education, et al., 2018; Olesen et al., 

2020; Perkins & Salomon, 1992). Instead of believing knowledge to be transferred as whole, the 

idea of transfer has been suggested to instead be viewed as a “renovation and expansion of 

previous knowledge via the experience of dealing with new situations in new settings” (Hager & 

Hodkinson, 2009). We adopt this notion that the skills students believe they are developing in the 

general chemistry laboratory classrooms may continue to aid students’ further development in 
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valuable 21st-century skills as they progress throughout their academic and professional careers 

but will not be the sole experiences in which proficiency in these skills are developed.  

To better understand the concept of EDCs, we will first explore how four skills that 

appear throughout the literature are defined, focusing on the skills of communication, teamwork, 

problem-solving, and critical thinking, followed by discussing strategies proposed to assess these 

skills.  

Defining Communication & Teamwork Skills 

Communication and teamwork skills are often grouped together under the umbrella category of 

interpersonal skills, defined by social interactions that occur between individuals (National 

Research Council, Committee on Defining Deeper Learning and 21st Century Skills, et al., 2012; 

National Research Council et al., 2011). Communication skills are often further divided into the 

subskills of written (e.g., generating reports/documents, emails) (Moore & Morton, 2017), oral 

(e.g., speaking, presenting, listening effectively) (Burrus et al., 2013; Hanson & Overton, 2011; 

National Research Council et al., 2011), and non-verbal (e.g., reading body language) (National 

Research Council et al., 2011) communication. Teamwork skills are commonly defined as one’s 

ability to work well with others in diverse teams to reach a common goal (American 

Management Association, 2012; Partnership for 21st Century Learning, 2019). The modern-day 

workforce often employs the use of multidisciplinary teams, where expertise and knowledge 

from diverse disciplines are regarded as valuable contributions towards completion of a goal, as 

seen across a broad array of industries such as the health sciences (Disis & Slattery, 2010), 

agriculture (Bullock et al., 2007), and even military operations (Fuell Jr., 2009). Better problem-

solving capabilities and solutions can result when fruitful collaboration occurs (Kozlowski & 

Bell, 2004; National Academies of Sciences Engineering and Medicine, Division of Behavioral 

and Social Sciences and Education, et al., 2018) and, beyond this, collaboration has been 

recognized as a way to support skill transfer on the job (Jackson et al., 2019). Additionally, a 

positive correlation has been observed between occupations that require strong communication 

skills and higher pay (Burrus et al., 2013).  

While interpersonal skills are recognized as valuable to career success, these skills are 

difficult to measure (National Research Council et al., 2011). In addition to the lack of clarity 

and breadth of definitions surrounding these skills, social interactions are not easily 

standardizable and are always in a state of flux as they are influenced by societal culture and 



 15 

norms (National Research Council et al., 2011). When addressing the transferability of EDCs 

and the need to more clearly define the domains of social context in which these skills are 

applied, Bridges acknowledged the following:  

One tempting path is to argue that no two social contexts are never quite alike. 

[. . .] It is easy to argue from empirical evidence as well as a priori reasoning 

that any social context is, literally, unique and hence that any reproductions of 

a skill learned in one social context in another must involve transferability 

(Bridges, 1993). 

Although Bridges countered this thought by suggesting the need for identification of 

broadly applicable skills that are more likely to transfer, it still captures the key issue of context 

that emerges when trying to define and assess interpersonal skills.  

More & Morton (2017) added further evidence discounting the transferability of written 

communication skills across contexts, showcasing the inherent differences in school and work 

environments. They found that employers, interviewed from a variety of industries (e.g., 

sciences, education, accounting/finance), recognized a disconnect between the style of 

communication used in higher education versus what was needed on the job (Moore & Morton, 

2017);  employers acknowledged a transitional phase, where students had to adapt to a different 

form of communication, distinct from college norms, and use methods that were specific to each 

work environment. These findings suggest that written communication skills are not independent 

from the context in which they are learned or applied, undermining the proposed generalizability 

of these skills.  

While there are many challenges to assessing interpersonal skills and their transferability, 

implementation of programs and curricula that focused on development and assessment of these 

skills have shown positive short-term (e.g., an increase in self-reported abilities based on survey 

results administered in a single semester) (Reynders et al., 2019) and long-term (e.g., high school 

student enrollment in and continuation of higher education) (National Research Council et al., 

2011) outcomes. Some of the methods reported in the literature to assess communication and 

teamwork skills are explored below.  
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Measuring & Assessing Communication & Teamwork Skills 

AAC&U launched the Valid Assessment of Learning in Undergraduate Education (VALUE) 

initiative in response to mounting concerns about the value of a college education and the need to 

better measure student learning beyond standardized testing (Association of American Colleges 

and Universities, 2009). This initiative resulted in the development of the VALUE rubrics that 

were designed to assess if student work met the criteria for 16 Essential Learning Outcomes 

(ELOs). These rubrics consist of a definition for each ELO, criteria for assessment of each ELO, 

and performance descriptors for different levels of student achievement. These rubrics were 

intended to be broadly applicable across the undergraduate curriculum and are not discipline-

specific. The ELOs include interpersonal skills, such as written communication, oral 

communication, and teamwork. The ways in which these three skills were defined as ELOs 

within the VALUE rubrics and corresponding assessment criteria are outlined in Table 2.1. All 

information provided within Table 2.1 uses the exact wording found within each rubric. Each 

criterion contained descriptions of four levels of proficiency, from benchmark (minimal) to 

capstone (exemplary). For example, the assessment criteria for contributes to team meetings, 

found within teamwork skills, defines benchmark performance as “Shares ideas but does not 

advance the work of the group.” and captstone performance as “Helps the team move forward by 

articulating merits of alternative ideas or proposals.”(American Association of Colleges and 

Universities, 2009b). These rubrics were not designed for grading purposes, but act as a resource 

to evaluate higher education programs.    

Table 2.1. VALUE rubric definition, assessment items, and examples of performance for written 

communication, oral communication, and teamwork skills reproduced from American 

Association of Colleges and Universities, 2009d, 2009b, 2009e.  

Skill Definition Assessment Criteria 

Written Communication 

(American Association of 

Colleges and Universities, 2009c) 

Written communication is the 

development and expression of 

ideas in writing. Written 

communication involves learning 

to work in many genres and 

styles. It can involve working 

with many different writing 

technologies, and mixing texts, 

data, and images. Written 

communication abilities develop 

through iterative experiences 

across the curriculum. 

Context and purpose for writing 

 

Content development 

 

Genre and disciplinary 

convention 

 

Sources and evaluations 

 

Control of syntax and mechanics 
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Table 2.1 (cont’d)  

Oral Communication 

(American Association of 

Colleges and Universities, 2009a) 

Oral communication is a 

prepared, purposeful presentation 

designed to increase knowledge, 

to foster understanding, or to 

promote change in the listeners’ 

attitudes, values, beliefs, or 

behaviors. 

Organization 

 

Language 

 

Delivery 

 

Supporting material 

Central message 

Teamwork 

(American Association of 

Colleges and Universities, 2009b) 

Teamwork is behaviors under the 

control of individual team 

members (effort they put into 

team tasks, their manner of 

interacting with others on team, 

and the quantity and quality of 

contributions they make to team 

discussions). 

Contributes to team meetings 

 

Facilitates contributions of team 

members 

 

Individual contributions outside 

of team meetings 

 

Fosters constructive team climate 

 

Responds to conflict 

 

Other ways in which interpersonal teamwork skills have been assessed include individual 

and peer reflections (National Research Council et al., 2011). Use of Comprehensive Assessment 

of Team Member Effectiveness (CATME) Peer Evaluation surveys, in which students reflect on 

their own performance as well as their teammates and receive feedback from team members, is 

one such example (Loughry et al., 2007). The CATME assessment criteria include a) 

contributing to the team, b) interacting with teammates, c) keeping team on track, d) expecting 

quality, and e) having relevant knowledge, skills, and abilities. Although this assessment tool 

was developed in 2007, it is still used to assess student performance in teamwork in college 

classrooms today (Purdue University, 2024).   

Within chemistry laboratory courses, interpersonal skills have been measured through 

rubrics that allowed for both self and instructor assessment of performance. Reynders et al. used 

rubrics developed by the Enhancing Learning by Improving Process Skills in STEM (ELPSS) 

project to measure student proficiency in process skills (e.g., interpersonal communication, 

teamwork, critical thinking) (Reynders et al., 2019). These rubrics were created by a 

multidisciplinary team of researchers to provide STEM instructors with resources for in-

classroom assessment of process skills and formative feedback to students to support 

improvement (Czajka et al., 2021). The rubric for each process skill consisted of multiple 

assessment criteria. For example, interpersonal communication had a) speaking, b) listening, c) 

non-verbal, and d) response criteria with scoring on a scale from 0 to 5. When piloting earlier 
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iterations of these rubrics, it was found that after receiving feedback from undergraduate 

teaching assistants (UTAs), student self-assessment scores regarding skill proficiency became 

more statistically aligned to those of UTA assessment scores (Czajka et al., 2021). From these 

findings, the authors suggested that students were able to more accurately assess their 

performance when integrating feedback from a trained observer. Reynders et al. used these 

rubrics in self-reflection activities, which resulted in students becoming more aware of their 

actions regarding communication and teamwork skills and end-of-semester questionnaires 

returning high numbers for self-reported gains in development of these skills (Reynders et al., 

2019).  

Chadwick et al. designed the Professional Practice Points rubric, to be used by both 

students and graduate teaching assistants (GTAs) to assess student performance within the three 

domains of organizational, interpersonal, and work-based skills (Chadwick et al., 2018). Scores 

were assigned on a four-point scale from not-evident to exemplary based on defined 

characteristics for competency in each domain. Results of this study yielded similar findings to 

those in the study reported by Czajka et al. Students became better at assessing their own 

performance after being given feedback by GTAs. Another positive outcome from GTAs using 

these rubrics to provide feedback to students was increased confidence for students who had 

underreported their abilities.  

The use of rubrics and comparison of self and instructor assessment reveal the benefits of 

students reflecting upon their performance and being given opportunities to adjust behaviors 

according to feedback received. However, acknowledged within these studies was the time it 

takes to train TAs to recognize behaviors indicative of competency and the additional time it 

takes to provide personalized feedback to students regarding their performance. These potential 

limitations may act as deterrents to implementing these methods of assessment within the 

laboratory curriculum, although the positive outcomes seen within the studies above may 

outweigh those drawbacks.  

Defining Problem-solving & Critical Thinking 

Situated in the cognitive domain, problem-solving and critical thinking skills have been a topic 

of much debate in education for years, due to these terms being broadly used but lacking clarity 

and clear definition (Cooper, 2016; Halonen, 1995; National Academies 2011). Recent studies in 

chemical education have explored the perception of students, academic teaching staff, and 
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employers about this poorly defined construct, that is relevant to both education and the 

workforce (Bowen, 2022, Danczak et al., 2017). When asked how critical thinking is defined, 

Bowen found that all student participants related this skill to application and use of knowledge, 

while contrasting it with more passive methods of learning (e.g., rote memorization)(Bowen 

2022).  

Danczak et al. found in surveying students, teaching staff, and employers about critical 

thinking that all groups identified analysis as a key component, whether of data, evidence, or 

information (Danczak et al., 2017).  In this study, problem-solving was also frequently 

associated with critical thinking in both student and employer responses; the interconnectedness 

of these two skills is often referenced in the literature. Partnership for 21st Century Learning, an 

organization dedicated to advancing student education for workforce success, grouped problem-

solving and critical thinking together, defining these skills as the ability to reason through 

analyzing, evaluating, and interpreting data or information, and seeking solutions to problems 

through creative or innovative methods (Partnership for 21st Century Learning, 2019). These 

aspects emerged as defining aspects of problem-solving and critical thinking in both the NRC’s 

report on the Assessment of 21st Century Skills (National Research Council et al., 2011) and a 

review of the literature by Binkley et al. (Binkley et al., 2012). Within the Danczak et al. study, 

teaching staff and employers’ responses contained more themes on average than responses from 

students, possibly indicating that students have a lack of understanding or experience with this 

skill. This is consistent the findings of others studies in which it has been found that the ways in 

which novice learners apply problem solving methods differs from experts (National Academies 

of Sciences Engineering and Medicine, Division of Behavioral and Social Sciences and 

Education, et al., 2018; National Research Council Committee on Developments in the Science 

of Learning et al., 1999; Persky & Robinson, 2017; Randles & Overton, 2015), suggesting 

experience shapes how these skills are used.   

Measuring & Assessing Problem-solving & Critical Thinking Skills 

Problem-solving and critical thinking skills have been assessed for years (Binkley et al., 2012) 

using a multitude of methods ranging from standardized tests used in professional school 

admissions (e.g., Medical College Admissions Test or MCAT) (National Research Council et al., 

2011) to intentionally designed course-level assessments (Stowe & Cooper, 2017). Chemistry 
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education has offered key contributions to the literature in determining the best methods for 

measuring these skills, with some of these examples explored in depth below.  

In addition to seeking defining factors of critical thinking, Danczak et al. developed the 

Danczak-Overton-Thompson Chemistry Critical Thinking Test (DOT test) instrument to assess 

critical thinking skills (Danczak et al., 2020). This research team sought to develop an instrument 

within the context of chemistry, recognizing that situating an assessment within the context in 

which it is measured may provide a better representation of students’ critical thinking skills over 

more generalized testing. This assessment had five multiple-choice sections 1) making 

assumptions, 2) developing hypotheses, 3) testing hypotheses, 4) drawing conclusions, and 5) 

analyzing arguments. In each section, a passage outlining relevant context was provided 

followed by statements that students were asked to assess. For example, students must determine 

if a statement represents a valid or invalid assumption in the making assumptions section.  

Stowe & Cooper proposed that ill-defined skills such as problem-solving and critical 

thinking can be better elucidated and measured through assessment of students’ ability to engage 

in the scientific practices, which are discussed in Part 3 (Stowe & Cooper, 2017). Using the 

Three-Dimensional Learning Assessment Protocol (3D-LAP) to measure 118 organic chemistry 

exam items and their ability to elicit use of the scientific practices, Stowe & Cooper found that 

93% of exam prompts in their study did not offer students the opportunity to engage in these 

practices, frequently because the prompts did not elicit evidence of student reasoning which 

could be considered a hallmark of critical thinking. In promoting the scientific practices as a path 

to eliciting evidence of student engagement in intellectual work that could be construed as 

critical thinking, they offered the 3D-LAP as a guide to designing assessments. Additionally, 

they emphasized that multiple-choice or selected-response questions commonly found on 

standardized tests are often not adequate measurements of student reasoning. Using well-crafted 

activities to elicit student use of critical thinking skills is further supported by findings in 

Bowen’s study where students were able to identify course activities, developed using a three-

dimensional learning framework, and relate these activities to application of critical thinking 

skills (Bowen, 2022). 

Stephenson & Sadler-McKnight measured critical thinking skills using the California 

Critical Thinking Skills Test (CCTST) to compare the critical thinking skills of students enrolled 

in traditional or inquiry-based general chemistry laboratory courses (Stephenson & Sadler-
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McKnight, 2016). The inquiry-based courses in the study used the Science Writing Heuristic 

(SWH) pedagogical approach to encourage critical thinking skill development. This writing-to-

learn pedagogy provides students with a scenario from which student groups collaboratively 

formulate questions to investigate, engage in data collection, analyze and interpret the data, and 

then use evidence-based reasoning to justify claims and reflect upon the process. While pre-test 

scores on the CCTST did not differ, students in the SWH course had significantly higher post-

test scores than those in the traditional general chemistry laboratory course. These results 

supported the conclusion that incorporating more student-centered inquiry-based learning 

approaches can result in development of critical thinking skills. Other inquiry-based methods 

that have been proposed to support development of problem-solving and critical thinking skills 

in the chemistry laboratory include project-based and problem-based learning, although these 

studies relied on self-reporting measures that only touched briefly on development of these skills 

(Quattrucci, 2018; Weaver et al., 2016).  

Part 3. Learning in the Laboratory – A Brief History of the Evolution of Its Purpose & 

Desired Outcomes   

Over the years, the role of laboratory courses in the curriculum, particularly what the student 

learning outcomes should be and whether students are actually achieving these learning goals, 

has been a debated (Bretz, 2019; Hofstein & Lunetta, 1982, 2004; Hofstein & Mamlok-Naaman, 

2007; Reid & Shah, 2007). Despite many efforts to transform laboratory courses and implement 

new and diverse pedagogical practices, a lack of evidence about the effectiveness of laboratory 

courses, student disinterest, and mounting costs has led to questions about the necessity of 

offering these course (Bretz, 2019). To better understand the purpose behind the laboratory in 

chemistry education, it is pertinent to discuss the evolution of learning objectives throughout the 

years.  

In the early 1800’s, Thomas Thomson, at the University of Edinburgh, and Justus von 

Liebig, at the University of Giessen, introduced the laboratory to university chemistry education 

(Hegarty-Hazel, 1990; Klickstein, 1948; Reid & Shah, 2007). This acted as a catalyst for the 

emergence of both institutionally and privately run laboratory courses (Hegarty-Hazel, 1990), in 

which professors would instruct students in technical skills (e.g., laboratory skills and 

techniques) to prepare them for industry professions of the time (Reid & Shah, 2007). Skills 

were taught by having students perform experiments that confirmed theoretical concepts learned 
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in lecture. By the mid 1900’s, inquiry-based learning approaches, which eschewed the strict 

reliance on the laboratory manual to carry out confirmatory experiments, began to appear in 

laboratory instruction (Hofstein & Lunetta, 1982). Hofstein & Lunetta defined inquiry as: 

[. . .] diverse ways in which scientists study the natural world, propose ideas, 

and explain and justify assertions based upon evidence derived from scientific 

work. It also refers to more authentic ways in which learners can investigate 

the natural world, propose ideas, and explain and justify assertions based upon 

evidence and, in the process, sense the spirit of science (Hofstein & Lunetta, 

2004). 

Inquiry was seen as a way to familiarize students with the process of scientific discovery 

and the work of scientists. Further, the desire to engage students in learning that enables them to 

think and act as scientists do led to defining eight scientific and engineering practices in A 

Framework for K-12 Science Education (Table 2.2) (National Research Council & Committee 

on a Conceptual Framework for New K-12 Science Education Standards, 2012). These eight 

practices were developed to get students acquainted with the world of science and engineering 

and give them ways to apply their knowledge. Although the scientific and engineering practices 

were developed to support science learning in primary and secondary schools, they are 

applicable to higher education.  

Table 2.2. Scientific & engineering practices (National Research Council & Committee on a 

Conceptual Framework for New K-12 Science Education Standards, 2012). 

NRC’s 8 Scientific & Engineering Practices 

1. Asking questions (science) & defining problems (engineering) 

2. Developing and using models  

3. Planning & carrying out investigations  

4. Analyzing & interpreting data  

5. Using mathematics & computational thinking 

6. Constructing explanations (science) and designing solutions (engineering) 

7. Engaging in argumentation from evidence  

8. Obtaining, evaluating, & communicating information 
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While there are varying levels of inquiry based on the level of guidance and freedom 

provided to students (Buck et al., 2008), implementing any level of inquiry-based learning into 

laboratory courses have been reported to be beneficial to student learning through increased 

motivation, interest, engagement, critical thinking, persistence in STEM, engagement with the 

scientific practices, and nourishing student curiosity (Carmel et al., 2017; Kai et al., 2017; 

Laredo, 2013; President’s Council of Advisors on Science and Technology, 2012; Quattrucci, 

2018). Amid these positive outcomes, not all studies support an increase in factors such as 

student interest, enjoyment, or motivation when compared to more traditional methods (George-

Williams et al., 2018).  

Although engaging students in the process of inquiry has been a desired goal in 

laboratory learning for quite some time (Hofstein & Lunetta, 1982), an analysis of laboratory 

manuals by Buck et al. found that most instructors were still using traditional methods, 

characterized by low levels of inquiry (Buck et al., 2008). Additionally, the focus on building 

laboratory skills and techniques, a cornerstone of traditional laboratory curriculum, remains as 

evidenced by two studies that probed faculty goals for undergraduate chemistry laboratory 

courses (Bretz et al., 2013; Bruck et al., 2010). While it is evident that these technical skills 

remain an important aspect of student experiences in the laboratory, these two studies also saw 

the emergence of student learning goals centered around developing valuable EDCs, such as 

critical thinking and teamwork skills.  

Development of EDCs has emerged as a learning goal in chemistry laboratory courses 

(Reid & Shah, 2007). The American Chemical Society’s Committee on Professional Training 

(ACS CPT) oversees ACS approval of undergraduate chemistry programs and provides learning 

goals that must be met to receive approval (American Chemical Society, 2015, 2023). The most 

recent guidelines (2023) include development of communication (including teamwork) and 

scientific reasoning (including problem-solving and critical thinking) skills. Supporting growth 

in communication and teamwork skills were identified as critical requirements for any ACS-

approved curriculum to better prepare students for workplace success. To foster development of 

communication skills, the ACS CPT requires the curriculum to include opportunities for students 

to develop proficiency in both written and oral communication supported by instructor feedback. 

To advance teamwork skills, the ACS CPT requires team-based activities that include 

assessments to measure performance.  
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Others in chemistry education have recognized the value of building skills in higher 

education to support workplace success (Chadwick et al., 2018; Galloway, 2017; Kondo & Fair, 

2017; Yasin & Yueying, 2017). The ways in which these skills have been explored, integrated, 

or assessed within the context of undergraduate chemistry curriculum will be further explored in 

Chapter IV.   

Part 4. Remote Learning: Its Origins, Benefits, and Challenges 

Significant portions of the studies presented in this dissertation were carried out during the 

COVID-19 pandemic, which forced college courses to operate remotely for an extended period 

of time (Centers for Disease Control and Prevention, 2023; Kathy Katella, 2021). Therefore, the 

influence of online courses on student learning was an important factor to explore. Learning 

away from and outside of traditional brick-and-mortar educational institutions is referred to by 

many names – distance-learning, remote learning, e-learning, and online learning (OECD, 2020). 

This learning environment was new to many students and instructors during the pandemic 

(Means et al., 2020); however, distance-learning courses have been available for quite some time 

(Kentnor, 2015) and have been used by many to further their education (Allen et al., 2016).  

Defined as “a method of teaching where the student and teacher are physically separated” 

(Kentnor, 2015), distance-learning has come a long way from its 18th-century predecessor, the 

correspondence course (Clark, 2020; Kentnor, 2015). Originally delivered through the mail, 

remote learning has evolved with technological advances. Distance-learning has progressed from 

the delivery of course content through the mail to widely available educational radio and 

television programs to the offering of online college courses as the World Wide Web became 

accessible to the masses (Clark, 2020; Kentnor, 2015). Throughout this dissertation, the different 

names used in the literature for distance-learning will be used interchangeably and carry the 

same meaning. However, one clear distinction must be made – distance or remote laboratory 

learning in the studies reported in this dissertation pertains only to a learning environment where 

the instructor and learner interacted using web-based applications, including videoconferencing, 

while in different locations. It does not include data collection from a distance using remote-

controlled instruments (Ma & Nickerson, 2006).  

Even prior to the emergency implementation of online learning in response to COVID-19 

in the early months of 2020, remote learning was recognized as an important area of education 

that needed to be explored and integrated into higher education (Allen & Seaman, 2013; 
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Kentnor, 2015) as the number of students enrolled in online education courses has increased 

(Allen et al., 2016). Done intentionally and with careful planning, remote learning can provide a 

meaningful learning experience, which was not the situation with the rushed transition to online 

learning in early 2020 (Hodges et al., 2020). Remote learning has been praised for the 

accessibility that it offers to those who are unable to attend and engage in traditional higher 

education due to time or location constraints of work and home life, as well as its low cost both 

to students and institutions (Bharadwaj et al., 2023; Darby & Lang, 2019; Kentnor, 2015; OECD, 

2020; Twigg, 2003).  

Today’s college courses operate in one of four modalities as described by Allen et al. -  1) 

traditional courses which meet synchronously in a designated location, 2) web-facilitated courses 

where the course primarily operates in person but incorporates elements of online learning to 

support or enhance in-person instruction, 3) hybrid (or blended) learning courses that meet in-

person but allot significant portions of time to online learning, and 4) online (or remote) courses 

where all learning occurs outside of a physical campus location either synchronously or 

asynchronously (Allen et al., 2016).  

While remote learning can be beneficial for providing larger populations of students with 

educational opportunities, there are barriers to accessing and engaging in these types of courses. 

Students must have access to needed technology (e.g., computers) and adequate internet 

connectivity, along with the skills needed to use these resources (Bharadwaj et al., 2023; OECD, 

2020). Making course resources accessible (e.g., closed captioning on videos) and easy to use 

(e.g., using online resources with user-friendly interfaces that require little effort to navigate) is 

another important consideration in online course design to ensure students with disabilities can 

fully engage in course activities (Reyes et al., 2023). Various studies also emphasize the need for 

students to be self-regulated and motivated to succeed in online learning environments (Jansen et 

al., 2020; OECD, 2020; Wang et al., 2013). Additionally, a study surveying undergraduate and 

graduate students from a variety of countries, including the United States, conducted by 

Aguilera-Hermida et al. found that students who preferred face-to-face instruction were less 

engaged in the learning process and struggled to adapt to online courses (Aguilera-Hermida et 

al., 2021). Courses conducted remotely can also be perceived as inferior to courses that operate 

fully in-person and on-campus (Hodges et al., 2020). Nevertheless, academic leaders see the 
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value in offering online learning opportunities both for colleges long-term plans and meeting or 

exceeding student learning outcomes (Allen et al., 2016).  

Beyond the impact that online learning can have on student experiences, instructors can 

find these types of courses hard to implement due to a lack of resources and knowledge about the 

best pedagogical practices for this learning environment (Kentnor, 2015). Although online 

courses became the primary modality during the pandemic, many instructors had no prior 

experience teaching this way and had to act as pioneers in constructing methods to best facilitate 

online learning (Darby & Lang, 2019). When creating remote courses, instructors must decide on 

how students meet (e.g., synchronously or asynchronously) and ideally should select from 

evidence-based pedagogical practices for online learning.  

Choosing whether students engage in online courses synchronously, at a specified time 

each week, or providing students with materials to complete asynchronously, at a time that fits 

within their schedule, is a key consideration when constructing a remote course (Castelli & 

Sarvary, 2021). Synchronous courses provide increased opportunities for collaboration and social 

interactions that further contribute to feelings of acceptance within the community (Bharadwaj et 

al., 2023) and the ability to ask questions and engage with instructors in real-time (Petillion & 

McNeil, 2021). In a study investigating the effect of online learning on student experiences, 

Kinsky et al. observed that students operating remotely felt a decrease in involvement with their 

peers and instructors and desired synchronous or live lectures to facilitate these interactions 

(Kinsky et al., 2021). Francescucci & Rohani found that students enrolled in a synchronous 

online marketing course had no significant differences in midterm or final exam grades when 

compared to students enrolled in the face-to-face option (Francescucci & Rohani, 2019). 

Although grades did not appear to be affected, students enrolled in the face-to-face course 

reported higher levels of engagement, based on pre- and post- surveys assessing factors such as 

interest in the course, attention span, expected attendance, and participation.  

Asynchronous courses offer increased flexibility for student engagement and have been 

observed to allow for greater reflection and more carefully crafted responses in class discussions 

(Hrastinski, 2008). Provision of course materials asynchronously can also overcome some of the 

limitations to participating synchronously including slow internet connections and older 

computers (Bharadwaj et al., 2023) and accommodating students in different time zones 

(Agopian, 2022). Hrastinski found that both synchronous and asynchronous online methods of 
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instruction have specific benefits and suggested incorporating elements used in both synchronous 

and asynchronous methods within the classroom environment, highlighting that synchronous 

components allow for more social engagement and participation that are lacking in the 

asynchronous environment (Hrastinski, 2008). However, combining these modalities can result 

in student frustrations (e.g., feeling overwhelmed when engaging with course materials) that 

should be anticipated and addressed (Watts, 2016).   

Creating structured active and collaborative learning environments has been shown to 

support student learning online (Bharadwaj et al., 2023; Castelli & Sarvary, 2021), although 

active learning is used as a broad term that lacks a clear definition and understanding (Cooper, 

2016). A curriculum focused on building a community of practice that engages students in 

collaboration with peers and instructors can result in an increased sense of belonging and 

encourage development of interpersonal relationships (Hall et al., 2022). However, collaboration 

can be hard to facilitate online due to students not wanting to use cameras or microphones 

(Castelli & Sarvary, 2021). Additionally, getting full participation in group work can also be 

challenging (Dietrich et al., 2020).  

The emergency transition to remote learning added fuel to an already heated discussion 

regarding the importance of laboratory learning in a student’s education (Arnaud, 2020) and the 

necessity of adapting laboratory instruction for remote student participation during the pandemic 

presented a unique opportunity to study online chemistry laboratory courses. Numerous studies 

and reports concerning remote delivery of chemistry laboratory courses during the pandemic 

have been published (Accettone, 2022; Sansom, 2020; Schultz et al., 2020; Wild et al., 2020; 

Williams et al., 2022; Youssef et al., 2020). These accounts highlight the various benefits and 

challenges, from both the student and instructor perspective, that were encountered when 

administering laboratory courses online, which will be discussed more fully in Chapter V.   

Often observed throughout instructor reports documenting the ways in which they 

adapted methods of laboratory instruction to the online learning format was the time and effort 

needed to construct a learning environment reflective of instructor’s beliefs and practices. This 

was especially prevalent in Sansom’s reflection of transitioning a general chemistry laboratory 

course to remote learning, where they stated how they recognized a greater satisfaction and 

alignment of pedagogical beliefs with teaching practices when given time to explore the best 

practices for implementing a course online in comparison to the rapid transition to distance-
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learning in response to the remote learning mandate (Sansom, 2020). Not only do instructors 

need time to craft a course reflective of their beliefs, but they also need time to find the best 

materials to facilitate learning, especially being that there are a plethora of online resources 

currently available. With online courses continuing to gain momentum in the higher education 

sphere (Seaman et al., 2018) and advances in technology offering useful resources to support 

student learning (Williams et al., 2022), embracing technology is advantageous to advancing 

higher education.  

Even prior to the transition, chemistry laboratory courses had begun to integrate a variety 

of digital and online components. Examples include a) digital badging with badges awarded for 

successful demonstration of a specified task or skill (Hensiek et al., 2016; Hill et al., 2022) b) 

electronic laboratory notebooks (Dood et al., 2018), and c) remote control of laboratory 

instrumentation to collect and analyze data in a different location (Ma & Nickerson, 2006). The 

literature on online laboratory teaching and learning before, during, and after the pandemic can 

support making informed decisions on the best pedagogical practices to use when designing 

laboratory courses with remote student participation and integrating online resources into 

laboratory courses.  

Summary  

A driving factor for students pursuing higher education is the belief that the return on investment 

will be access to better jobs and higher pay. The skills gap, in which employers believe college 

graduates are entering the workforce ill-prepared for success in the 21st-century job market, 

threatens these beliefs. In response, there has been an effort to integrate valuable workforce 

competencies into both college and K-12 curricula, although who should be responsible for 

teaching students these skills (educational institutions or employers) remains unclear. There are 

arguments for and against higher education having a curricular focus on enhancing employability 

of undergraduates. Supporters view the classroom as a place in which the right pedagogical 

practices can promote EDC development, while those against provide evidence that higher 

education and the workforce are two separate entities with distinct roles in a learner’s education 

and that one cannot wholly prepare them for the other.  

While the existing evidence for transfer of EDCs is limited and suggests that application 

of EDCs is contextually dependent, providing students with a variety of opportunities to develop 

these skills throughout their college career may still be beneficial and offer a foundation upon 
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which to build. Collaborative inquiry-based laboratory learning offers students the ability to 

apply their knowledge through practice and this learning environment may act as a catalyst to 

further encourage growth and development of EDCs.  
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CHAPTER III: THEORETICAL & METHODOLOGICAL FRAMEWORKS 

This chapter presents the theoretical and methodological frameworks supporting the studies 

reported in this dissertation. Part 1 will explore the theoretical underpinnings of social 

constructivism by outlining the ways in which knowledge is believed to be developed to 

establish the foundation for the theoretical framework employed in this study. Part 2 will first 

outline the study design of using a convergent mixed-methods approach and then focus on the 

qualitative methodological framework of transcendental phenomenology to set the stage for how 

the study was conducted. Without reporting in-depth details of data collection, which will be 

provided in later chapters, this section brings forth the surrounding philosophy and purpose 

behind the methodology chosen for this study.  

Part 1.Theoretical Framework: Construction of Knowledge  

In seeking to understand how students perceive development of EDCs in these studies, theories 

about how people learn or construct knowledge must be considered. Learning within these 

studies is believed to occur through social engagement with others, as proposed in the social 

constructivist theory of learning. Four key players have largely contributed to development of 

constructivism, namely Jean Piaget, Lev Vygotsky, Jerome Bruner, and John Dewey. Not only 

did their beliefs change the way in which learning was perceived, but their work acted as a 

catalyst for educational transformations that challenged traditional teacher-centered methods of 

instruction (Herman & Pinard, 2015). It was through their work that inquiry-based learning 

methods emerged, with their influence continuing to be seen in curriculum development and 

pedagogical methods used today. A common theme shared in the work of these four scholars is 

the belief that rote learning and didactic teaching methods rooted in memorizing and reciting 

disconnected, unrelated, and segmented conceptual fragments of information was far removed 

from the actual learning processes students engage in where meaningful learning is produced. 

This section will introduce the contributions these scholars have made to the theory of 

constructivism and conclude with discussion of how social constructivism relates to the project-

based learning pedagogy used in the courses studied.  

Jean Piaget - Constructivism & Cognitive Development 

The origin of constructivism is largely attributed to Jean Piaget’s work positing that knowledge 

is actively constructed by the learner and is not gained via passive instruction. This theory of 

knowledge construction draws upon the philosophical beliefs of Aristotle and Kant (Boisvert, 
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1998). Piaget postulated that knowledge is developed through experiences and internal cognitive 

processes as the learner interacts with the world around them. This theory was in complete 

opposition to the objectivist epistemological belief, brought forth by B.F. Skinner, who saw 

knowledge as an external entity that was situated in an objective truth to be transmitted to the 

learner (Jonassen, 1991). This theory of learning which views knowledge as transmissible 

elements, sometimes called behaviorism, emphasizes the role of the teacher/educator in cognitive 

development (Murphy, 1997; Wadsworth, 1996). Being at the helm, the educator fills the 

unknowing student, who is perceived as a "blank slate,” with the knowledge needed to master a 

subject. This theory of learning is the foundation of traditional classrooms with lecture-based 

instruction, a method of teaching still used in many college courses today. Whereas proponents 

of objectivism saw knowledge as truths to be given by an instructor and taken up by students, 

advocates for constructivism saw knowledge as being a product of an individual’s prior 

knowledge and experiences. This can be seen in Piaget’s theory of cognitive development.   

Within this theory, Piaget believed in a “dual nature of intelligence as something both 

biological and logical” (Piaget, 1947). Drawing upon this, organisms strive for equilibrium, a 

process in which the organism (e.g., learner) adapts to the environment based on stimuli (e.g., 

incoming information) and the tendency for organisms to want to achieve this state. This self-

regulated process involves the interplay between assimilation and accommodation of schema to 

achieve equilibrium. Schema, also known as the “building blocks” for constructing knowledge, 

are organized and related units of information that can have simple relationships in earlier stages 

or form complex systems in more advanced stages of cognition (Oogarah-Pratap et al., 2021). 

When new knowledge is introduced, a learner integrates this information through either 

assimilation or accommodation. Assimilation involves the learner incorporating new information 

into predefined schemas, a process that allows for the learner to remain in an equilibrium state 

where prior knowledge remains unchallenged. Incoming information is processed and essentially 

filed or placed into existing schemas, causing the schema to grow but not be modified 

(Wadsworth, 1996). In contrast, accommodation occurs when the learner enters a disequilibrium 

state, also known as cognitive dissonance, where new knowledge contradicts or challenges what 

is already known. To once again reach equilibrium, the learner must modify their previously 

defined schemas or generate new ones to accommodate this conflicting information. After 

accommodation occurs, the previously incongruous information is then assimilated into the new 
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or modified schema (Wadsworth, 1996). This process of learning is cyclical, whereby learners go 

back and forth between equilibrium and disequilibrium states as new information is processed 

and incorporated.  

At the center of this process lies the learner, whose engagement in the sensemaking 

process is a hallmark of constructivism. Constructivism within the classroom places the 

emphasis on the learner being self-governed and responsible for integrating and incorporating 

new information, constructing meanings, and making meaningful connections (Rannikmäe et al., 

2020), in contrast to traditional classrooms where the instructor is the primary authority tasked 

with imparting this knowledge. These underlying principles are the basis for all constructivist 

theories. Social constructivism, which is considered a subcategory of constructivism, expands 

this theory beyond the individual to include the impact that the learner’s engagement with their 

social environment has on cognitive development.  

Vygotsky & Bruner - Social Constructivism & the Influence of Society in Learning 

Like Piaget’s work, Lev Vygotsky’s theory of learning also rested in the notion that learning is 

constructed through active participation by the learner. However, Vygotsky did not perceive 

learning to occur independently of the social world in which the learner is situated. He believed 

that it is through the influence of society and culture that cognitive development occurs, leading 

to Vygotsky being identified as a founding father of social constructivism (Vasileva & 

Balyasnikova, 2019). Generally, his theory of cognitive development stressed the importance of 

addressing the system rather than its individual parts. He believed that to fully understand 

cognitive development, a learner’s environment and their perception of this environment must 

also be considered. Within Vygotsky’s theory, he posited that cognitive development is the 

product of social intercourse that over time, with compounding experiences, becomes 

internalized and adapted to serve as a function or operation for the learner (Murphy, 2022; 

Vygotsky, 1978). To exemplify this, he used a child’s experience of internalizing the meaning of 

finger pointing. This comes from a child first trying to grasp an object out of reach followed by 

an interaction with the mother bringing the object closer evolving the initial act to a gesture of 

pointing towards an object that the child wants. This process involved “an interpersonal process 

[being] transformed into an intrapersonal one” (Vygotsky, 1978). This sociocultural influence on 

learning and cognitive development is thought to play an integral role during a child’s 

developmental years. 
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The Bucharest Early Intervention Project (BEIP) investigated the impact of neglect 

during early stages of development to determine the best timing for remediation or recovery, and 

it provided evidence for the role of social interactions in development  (Nelson III et al., 2007). 

Within this longitudinal study, institutionalized children between the ages of 0 and 30 months 

were randomly placed into two study groups, continuing care within an institution or foster care 

with a family. A third group of children who were never institutionalized and remained in the 

care of their biological parents served as a control. Measuring cognitive and developmental 

outcomes at various timepoints, they found that children who remained institutionalized suffered 

cognitive delays in relation to their foster care counterparts and those who stayed with their 

biological families. In a related BEIP study of children who were ~10 years old, institutionalized 

children were found to have impaired social communication scores and skills that improved for 

those who entered foster care (Levin et al., 2015). In both studies, social and cognitive 

deficiencies were attributed to fewer social interactions with caregivers pointing to the 

importance of social interactions in development (Nelson et al., 2014). Although these studies 

focused on the developmental progress of children reared in different environments, the role of 

social interactions on learning is relevant to educational settings as well.  

Vygotsky further expanded upon the social constructivist framework for learning by 

introducing the concept of the zone of proximal development (ZPD), describing it as follows:  

It is the distance between the actual developmental level as determined by 

independent problem solving and the level of potential development as 

determined through problem solving under adult guidance or collaboration 

with more capable peers. (Vygotsky, 1978) 

The ZPD corresponds to the problem solving that learners can do with appropriate 

support and is found between what students can achieve independently and what they are unable 

to do even with support. Social interactions with instructors and peers can mediate learning in the 

ZPD. The instructor can act as a mentor, guiding the student to the knowledge or skills needed to 

perform a task that falls within the ZPD. This act of providing guidance without explicitly telling 

students what to do is defined by Jerome Bruner as scaffolding; it positions the instructor (or 

teaching assistant) as an expert source of information to support student ideas and promote self-

directed learning (Rannikmäe et al., 2020; Reiser, 2004; Sanders & Sugg Welk, 2005). 
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Scaffolding can be provided through assignment design and/or verbal coaching. Iterative 

feedback is integral to supporting students in building knowledge through the problem-solving 

process (Mergendoller et al., 2006). Beyond social interactions with instructors, collaboration 

with more knowledgeable peers can also aid student learning in the ZPD (van Merrienboer & de 

Bruin, 2014; Vygotsky, 1978). Vygotsky made it clear that learning and development viewed in 

this regard are not synonymous; learning precedes and results in development. He also proposed 

that learning arises from interacting with others (e.g., ZPD), while development is the 

internalization of these processes (Vygotsky, 1978). Throughout his work, social engagements 

played a pivotal role in learning and cognitive development, a concept that has influenced the 

work of others.  

Although credit for the theory of social constructivism is most often attributed to 

Vygotsky, Jerome Bruner is considered a more modern contributor to this theory of 

development. Inspired by Vygotsky, Bruner believed in the importance of a learner engaging 

with their social community and posited that it is through these experiences, influenced by 

language and culture, that knowledge is constructed (Rannikmäe et al., 2020). Like Vygotsky, 

Bruner believed that the instructor should act as a supporting structure for students to guide them 

through the learning process. Bruner also believed that building upon prior knowledge was a 

process that builds gradually, with the end goal of the student possessing autonomy over 

learning.  

John Dewey - The Social Role of the Classroom & the Emergence of Inquiry-based Learning 

Education reformer John Dewey’s philosophy of education and pedagogy, which centered on 

real world engagement by learners, aligned with social constructivist theories of learning 

(Boisvert, 1998; Dewey, 1938; Martin, 2003). Dewey saw education as an “important social 

interest,” (Dewey, 1938). He believed that schools were social institutions involving 

relationships of students with their peers and instructors, which differed from other social 

structures, such as the family (Dewey, 1938). Additionally, Dewey found the social interactions 

in education to be pertinent to student experiences and their learning trajectories. Dewey wrote in 

his book Experience and Education “all human experience is ultimately social: that involves 

contact and communication” and “the principle that development of experience comes about 

through interaction means that education is essentially a social process” (Dewey, 1938). Creating 

a social environment in the classroom in which all participants (e.g., students and instructors) 
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contributed was of great importance to Dewey, a stark contrast to traditional methods of 

instruction.  

For Dewey, traditional methods, such as didactic lecturing, placed learners at a 

disadvantage. In this paradigm, students were seen as inexperienced and ill-equipped in 

comparison to the expert knowledge of the instructor. To remedy this, instructors, using the 

textbook as a leading source of information, would impart their knowledge to the unknowing 

learner. This pedagogical approach frequently provided learners with isolated blocks of 

information that were disconnected from their everyday experiences beyond the classroom. 

Dewey found these traditional classrooms, focused on rote memorization, to be problematic and 

believed that learning should be situated within relevant social and historical contexts (Dewey, 

1938). Where traditional learning seemed to be aimed at the past, Dewey wanted education to be 

a product of the past, present, and future.  

Dewey was an influential contributor to the progressive education pedagogical movement 

(Hofstein & Lunetta, 1982; Theobald, 2009). The following statement captured the essence of his 

educational philosophy:  

I take it that the fundamental unity of the newer philosophy [of progressive 

education] is found in the idea that there is an intimate and necessary relation 

between the process of actual experience and education. (Dewey, 1938)  

Learners were expected to be active agents in the learning process through engagement in 

experiences with instructors facilitating this process. Dewey did not fully reject traditional 

education, as he found the complete opposition seen in some extremely progressive classrooms 

during his time to be more detrimental than good. He took elements of traditional education (e.g., 

conceptual knowledge set in the past) and set out to marry these elements with progressive 

components (e.g., integrating student-centered experiences) to produce a pedagogical approach 

aimed at dealing with problems of the present and future. He viewed complete freedom for 

learners and removal of the instructor an extreme approach, instead advocating for the instructor 

acting as a guide rather than bringer of knowledge. Much like Vygotsky’s and Bruner’s works, 

the instructor maintained an important role in mentoring students but was no longer the center of 

learning.  
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Dewey emphasized that experiences needed to be made meaningful to learners by 

stimulating their enjoyment, interest, and creativity. To give further explanation of what 

constitutes experiences, he outlined what he called an experiential continuum consisting of past, 

present, and future experiences. Dewey proposed that prior experiences will inextricably set the 

course for future experiences and will change the way a person perceives, acts, and knows, with 

growth resulting from the cumulative effect of prior and current experiences. The role of the 

instructor is to discern whether the learner is moving in the direction intended and if not, to make 

adjustments to guide learning. Furthermore, Dewey expressed how all experiences are a 

culmination of those who came before us (e.g., access to certain technologies now makes our 

experiences different from societies who functioned without these technologies), highlighting the 

social context of learning.  

Putting Dewey’s educational philosophy (Dewey, 1938; Martin, 2003; Williams, 2017) 

into practice involves creating a learning environment with an engaging social climate and 

community, beneficial and captivating learning experiences, and opportunities for students to 

have autonomy over their learning. To study the best methods for implementing inquiry-based 

philosophies for teaching students in grades K-12, Dewey founded the experimental and 

influential Laboratory School at University of Chicago in the late 1800’s (DePencier, 1967; 

Durst, 2010; The University of Chicago, n.d.).  

Dewey’s work has inspired many, with his core beliefs underlying a variety of 

pedagogical methods used today in which active engagement of students in their learning has 

replaced traditional lectures. His work gave rise to inquiry-based learning methods found in 

pedagogies such as Process-Oriented Guided Inquiry Learning (POGIL), Problem-based 

Learning, Case-based Learning, Place-based Learning, Discovery-based Learning, and Project-

based Learning (PjBL) (Chase & Abrahamson, 2018; Hofstein & Lunetta, 1982; Krajcik & 

Blumenfeld, 2006; Moog, 2019; Barrow, 2006; Herman & Pinard, 2015; Provenzoi, 1979). The 

various forms of inquiry-based learning listed above are implemented in both lecture and 

laboratory courses in college and university settings. With project-based learning serving as the 

underlying structure of the laboratory courses investigated in this study, the course structure and 

its relationship to the social constructivist framework is explored below.  
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Project-based Learning (PjBL) - An Open Inquiry Pedagogy with a Constructivist Approach 

to Learning 

Just as the evolution of 21st-century careers has caused a shift in the skills needed for success, 

project-based learning resulted from changing tides from traditional to progressive methods of 

education (Wilhelm et al., 2019). Through Dewey’s work and the progressive education 

movement, the foundation for project-based learning was established. While Dewey is primarily 

credited as a founding father of project-based learning, it was one of his pupils, William H. 

Kilpatrick, who is often cited as bringing the project-based method to the masses (Burlbaw et al., 

2013). Kilpatrick penned the well-known essay, The Project Method, with the goal of defining 

the meaning of “project.” Within this essay, he conceptualized “project” as a “purposeful act” 

situated within a social context.    

As these questionings rose more definitely to mind, there came increasingly a 

belief - corroborated on many sides - that the unifying idea I sought was to be 

found in the conception of wholehearted purposeful activity proceeding in a 

social environment, or more briefly, in the unit element of such activity, the 

hearty purposeful act.  

It is to this purposeful act with the emphasis on the word purpose that I myself 

apply the term 'project'. (Kilpatrick, 1918) 

A project embodied an act that had significance to the person carrying it out with genuine 

purpose and interest. Kilpatrick used examples of a girl making a dress or a boy “making a kite 

that will fly.” These acts were relevant to the individual’s present-day life, reflective of the 

philosophies of both Dewey and Kilpatrick, in contrast with traditional education of the time, 

which consisted of delivery of disconnected facts situated in the past as “preparation for future 

living” (Dewey, 1938; Kilpatrick, 1918). Although this essay made significant waves in 

education, Kilpatrick’s broad and ambiguous definition was not praised by all, including Dewey 

(Knoll, 2010, 2012). Kilpatrick’s approach, although met with enthusiasm, was not easy to 

implement because it lacked boundaries and a set curriculum. Students had free will to pursue 

activities deemed purposeful or cease demotivating tasks (Knoll, 2010, 2012). As a result of 

multiple failed attempts at implementation and backlash from the community, Kilpatrick 
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recanted his support for the use of project methods. Furthermore, Knoll has argued against 

crediting Kilpatrick as the founder of modern-day project-based learning methods, instead 

recognizing its historical roots in architecture, engineering, and agriculture, where theory and 

application were combined (Knoll, 2012). 

The concept of a “project” in conjunction with education appeared in Italian vocational 

schools as early as the late 16th century (Knoll, 1997). Originally implemented as a teaching 

method in the mid 18th century at a French architectural school, the project-based method 

allowed students to apply theoretical knowledge learned in lecture in practice through creating 

their own plans. This method was adapted by European and American engineering vocational 

schools, where students would apply principles learned to create a product. Instances of project-

based learning can be found implemented within the United States in the mid 19th century at the 

Massachusetts Institute of Technology. Subsequently, project-based learning was introduced to 

agriculture and science education in the early 1900’s, eventually leading to its implementation 

across a variety of disciplines and classrooms that we see today. Modern day project-based 

learning is influenced by Dewey’s learning theories and pedagogical practices – the importance 

of the social environment combined with learning through doing.  

The social environment is an integral part of PjBL with the role of the teacher and the 

engagement of the student differing from traditional didactic classrooms. A project-based 

learning environment promotes social engagement and collaboration within a learning 

community consisting of learners and a teacher. A key feature in PjBL is the role of the teacher. 

Within this learning environment, the teacher takes a step back from being “all knowing” and 

becomes an active participant in the learning process through seeking answers to questions that 

they themselves and the students may not yet know (Wilhelm, 2019). This showcases the 

constructivist roots of project-based learning, with the teacher stepping down from the position 

of centralized “bringer of knowledge” to a mentor role that engages in the learning process with 

students. Careful attention is required to ensure that the teacher acts as a scaffold to guide 

students productively. This includes encouraging students’ creativity and self-guided learning, 

but at the same time recognizing when students are struggling and providing immediate guidance 

as needed, while making sure not to spoon-feed students information. Placing teachers in this 

role shifts the culture of the classroom away from a hierarchical structure with the teacher at the 

top to a collaboration between students and teacher. Collaboration with teammates or peers is 
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another key component of PjBL. Through engaging with peers, students brainstorm and share 

ideas, gather information, and communicate the outcomes of a project (Krajcik & Shin, 2014).  

Looking beyond the importance of social engagements in the PjBL classroom to the 

curriculum, each project is constructed with specific components to engage students in learning 

by doing and to give them agency in their learning. Projects 1) provide a problem and driving 

question with real-world significance as the starting point, 2) engage students in research and 

investigation into the problem and driving question provided, 3) ask students to design 

procedures, collect evidence, and analyze/interpret data, 4) have students report findings and 

propose solutions to the problem, and 5) use relevant technology to aid students throughout the 

process. (Krajcik & Shin, 2014; Wilhelm et al., 2019) 

To kickstart a project, students are given a driving question, although in some classrooms 

students are given the freedom to generate their own. This question is generally introduced with 

a brief synopsis of a problem situated within a real-world context (e.g., you work for a beverage 

company that produce generic sports drinks and have been asked to recreate the color profile of a 

name-brand beverage), followed by a question for students to answer or problem to solve (e.g., 

how can you use various tools and techniques in the lab to determine the color profile and 

successfully recreate the color profile of the name-brand beverage?). Both the scenario and 

driving question act as the focal point for the entire project and can continually be used as a tool 

to refocus students’ attention, if they get off course, as they navigate through the project (Bender, 

2012).  

Once students are acquainted with the driving question, they engage in research by 

investigating the topic and problem provided. This can be facilitated by using carefully 

scaffolded activities that guide students through key concepts and/or techniques that may be 

relevant to understanding and exploring solutions to the problem. Students then generate plans 

and develop procedures that are then carried out to collect and analyze data to provide the 

evidence needed to support claims and answer to the driving question. To conclude the project, 

student teams compile their work on the project components (e.g., background information on 

problem, methods, results, conclusions) and report findings in presentations or reports. Because 

projects can be approached using a variety of methods, as proposed by students, the emergence 

of unanticipated problems or errors can occur (Wurdinger, 2016). Students are strongly 

encouraged to engage with their teachers and peers in a collaborative effort to overcome 
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difficulties and progress towards successful project completion. An additional component 

present in PjBL is the use of relevant technology to access information, collect data, analyze and 

model data, present results, and collaborate with others. The general chemistry laboratory 

courses in this study follow a cooperative learning format that incorporates the components of 

project-based learning (Carmel et al., 2017; Cooper, 1990, 1994). 

Project-based learning has been suggested as an approach to support development of 

highly valued workplace skills, also known as 21st-century skills (Bell, 2010; Bender, 2012; 

Wurdinger, 2016). Some of the skills reported as being developed within courses implementing 

this pedagogy include communication, teamwork & collaboration, problem solving & critical 

thinking, creativity, and time management. Although these skills are reported to be a product of 

students engaging in project-based learning, the problem of undergraduates being unable to 

articulate how they have developed these skills to potential employers remains. A mixed-

methods approach has been followed to investigate what skills students perceive as being 

developed in project-based general chemistry laboratory courses at a large Midwestern 

University as well as their perceptions of how these skills are being developed.  

Part 2. Study Design & Qualitative Methodological Framework 

Study Design 

To understand student perceptions of the skills needed for their planned career and how the 

general chemistry laboratory courses may have supported development of these skills, a 

convergent mixed-methods approach was used. This approach entails concurrent collection and 

analyses of both qualitative (e.g., interviews) and quantitative (e.g., surveys) data. While this 

approach generally addresses both methods with equal priority (Creswell & Plano Clark, 2011), 

this study placed emphasis on qualitative methods.  

The aim of adopting this study design was twofold – to provide context and enhancement 

(Bryman, 2006). Context was provided by conducting interviews to provide a nuanced picture 

with the inclusion of surveys to offer generalizable results. Surveys were included within this 

study as an alternative extra credit opportunity for students who were unable to participate in 

interviews. As a result, survey data were available to provide a more general overview of student 

perceptions in the course. Enhancement emerged as the study progressed with the outcomes of 

one method being used to further support the results of another. In this study, survey results were 

used to provide further weight to interview findings and answer some additional questions not 
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explored in interviews. Quantitative analysis of survey data, and interview data when 

appropriate, was used to explore if statistically significant differences were present in how 

students with different student characteristics responded to questions.  

In this dissertation, Chapters IV, V, and VII report results from interview-based studies, 

while Chapter VI presents quantitative analysis of survey responses, which complement the 

qualitative studies found in Chapters IV and V. Two acronyms will appear frequently in 

discussion of the results from these studies, SPCs representing student-perceived competencies 

and EDCs corresponding to employer-desired competencies. Although these acronyms may 

seem to be interchangeable, they are distinct. SPCs refer to the skills that students report as 

necessary for success in their future career and will often appear in reporting and discussion of 

student responses. In contrast, EDCs are the skills identified as necessary for workplace success 

from surveys of individuals directly involved in or with knowledge of the hiring process, which 

have been reported in the literature. Comparison of SPCs with EDCs provides insight on the 

alignment of student perceptions with what employers claim to be looking for in new hires.  

The remainder of this chapter will explore the qualitative methodological framework 

used in the studies reported in Chapters IV, V, and VII. In-depth exploration of the quantitative 

methods used in analysis of participant data will be introduced in Chapter VI.  

Qualitative Methodological Framework: Transcendental Phenomenology – Origins & 

Practice 

Transcendental phenomenology was used as the methodological framework for analysis of 

student and graduate teaching assistant interviews. To better understand the foundation of this 

methodology, the philosophy and origin of this framework is reviewed. First appearing in the 

works of Johann Heinrich Lambert and Georg Wilhelm Friedrich Hegel, the term 

phenomenology is derived from two Greek words - phenomenon meaning “that which is 

experienced” and logos meaning “the study of” (Biemel & Spielgelberg, 2023; Williams, 2021). 

Thus, phenomenology is the study of that which is experienced or referred to in qualitative 

methodology as investigating and deriving meaning from human experiences (Creswell, 2013; 

Moerer-Urdahl et al., 2004). Under the umbrella of phenomenology, there are two rival schools – 

namely hermeneutic and transcendental phenomenology. While the two approaches have the 

same primary goal of gaining insight into lived experiences, where the researcher is situated 

within the study differs.  
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Phenomenology as a philosophical tradition, which seeks to find meaning and 

understanding in human experiences surrounding a particular phenomenon, is attributed to early 

20th century philosopher Edmund Husserl. Husserl did not believe in the complete opposition of 

objective and subjective realities but recognized the interconnected nature of the two entities – 

with objective reality being the manifestation of one’s subjective experiences or perceptions, and 

meanings ascribed to them (Creswell, 2013; Emmanuel Levinas, 1998). Husserl believed that in 

order to see the true meaning behind these experiences, one must “bracket”, or set aside, their 

own beliefs and experiences (Creswell, 2013; Eddles-Hirsch, 2015; Moerer-Urdahl et al., 2004; 

Moustakas, 1994). This set the stage for the emergence of transcendental phenomenology, which 

laid the foundation for the field of phenomenology as a whole and as an investigative practice.  

Transcendental phenomenology relies on three philosophical tenets - intentionality, 

intuition, and epoché (Cerbone, 2006; Moustakas, 1994). Intentionality is the conscious mind 

building meanings about world around us through experiences directed towards external objects, 

material or immaterial, leading to perception (Creswell, 2013; Kidd, 2014). Intentionality is the 

product of two correlated philosophical tenets, noema and noesis. Creswell states that noema 

refers to an individual’s perception of a phenomenon, based on thoughts and feelings, considered 

to be “what” is being perceived, while noesis constitutes the experiences that contribute to “how” 

these perceptions were developed (Creswell, 2013). These two entities are inextricably linked 

and combine to form the experiences and meanings individuals associate with a phenomenon 

(Cerbone, 2006).  

Intuition refers to the ability to see what is before oneself and derive the true meaning of 

what is through a reflective process (Moustakas, 1994). From Husserl’s perspective this occurred 

through describing the essence of a phenomenon. To capture the essence of a phenomenon in a 

research study, participant experiences are summarized into an all-encompassing description 

shared by participants of how the phenomenon was experienced. To see this picture clearly, the 

researcher must shelve their own perceptions regarding a phenomenon, a practice known as 

epoché. Epoché embodies acknowledgment of past experiences or preconceived notions 

surrounding the phenomenon under study and places these aside to perceive what is present with 

clear or unburdened eyes (Moustakas, 1994). Additionally, transcendental phenomenology 

recognizes that meanings are constructed through experiences, with no one true reality but our 

own.  
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In opposition to transcendentalism, Martin Heidegger, a student of Husserl’s, proposed a 

hermeneutic approach, creating a new branch of phenomenology also known as interpretive 

phenomenology. This approach contrasted with transcendentalism by acknowledging the 

researcher’s experiences regarding a phenomenon. The aim within this branch of 

phenomenology was to incorporate the researcher’s perceptions and interpretations instead of the 

researcher distancing themselves from the subject under investigation (Cerbone, 2006; Eddles-

Hirsch, 2015). Heidegger thought it important to include the researcher’s interpretation in 

understanding and shaping the true meaning behind lived experiences. Including the thoughts of 

the researcher and moving away from simply describing experiences as presented by participants 

introduces the potential for biases and judgments that Husserl aimed to remove.  

In an effort to primarily present interview results in the voice of the undergraduate 

students and graduate teaching assistants, transcendental phenomenology was used as the 

qualitative methodological approach for this study (Creswell, 2013; Moustakas, 1994) with a 

heavy reliance on providing descriptive accounts and confronting personal biases. To illustrate, 

application of transcendental phenomenology in the study of student perceptions of 21st-century 

skill development, reported in Chapter IV, is described. First, the phenomenon to be 

investigated was identified (e.g., what skills students believe are necessary for their career goals 

and how students perceive development of these skills in project-based general chemistry 

laboratory courses) and the sample for data collection was established (e.g., students from 

general chemistry laboratory 1 and 2). Data were then collected from the sample through 

interview and open answer survey responses.  

Once interviews were transcribed, the researcher became familiar with the data, isolating 

and noting statements that were relevant to investigating the phenomenon (e.g., when asked what 

skills were needed for their future career goal, Devan said the following “[. . .] for optometry, 

one of the things I love about it is that it's more of a low stress medical field, so you're really not 

very stressed about your work. So I feel like a very calm and warming personality is always 

going to be one of the greater aspects of an optometrist.”). These excerpts were used to identify 

broad categories of experiences present in the data (e.g., different aspects of working within 

teams emerged from interviews as a course component that contributed to skill development and 

were aggregated under the category of Collaborative Environment). These categories were then 

used to identify broader or overarching themes (e.g., relating course components to development 
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of specific skills). These themes were then presented using rich descriptions of participant’s 

experiences and quotes as evidence.  

Finally, themes were used to generate a description of the overall essence of participant 

experiences, or a description of how the collective sample experienced the phenomenon (e.g., 

how development of transferable skills was perceived by study participants). Throughout this 

process researchers engaged in epoché by making their experiences, biases, and judgements 

transparent and putting them aside as much as possible as they interacted with the data and 

derived meanings surrounding the phenomenon.  

Summary  

Project-based learning is rooted within the constructivist theory of knowledge formation. The 

strong emphasis on collaborative engagement in PjBL led to the adoption of social 

constructivism as the primary theoretical framework employed in this study. To investigate the 

potential of this learning environment to promote the development of the skills necessary to be 

successful in the 21st-century workforce, a transcendental phenomenological methodology was 

used to examine student responses to interview and open-ended survey questions. In this 

primarily qualitative and exploratory study, this methodology allowed the researcher to explore 

participant experiences.   

While navigating through this study, it is crucial to recognize that we did not aim to 

define the skills participants report as being needed for their career goal. The meaning that each 

participant attributes to a skill can vary and is outside of the scope of this study but could be the 

focus of future work. A recent study exploring student perceptions of critical thinking and the 

meanings they attribute to this skill provides an example of such work (Bowen, 2022). 
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CHAPTER IV: 21st-CENTURY SKILL DEVELOPMENT IN PROJECT-BASED 

GENERAL CHEMISTRY LABORATORY COURSES: A MIXED-METHODS 

APPROACH 

Introduction 

Employers’ perceptions that college students are not building the knowledge and skills required 

to enter and maintain success in the 21st-century workforce persist (Carlson, 2022). In particular, 

employers point to deficiencies in soft skills (aka 21st-century skills), such as communication, 

teamwork, problem-solving, and professionalism (Binkley et al., 2012; National Association of 

Colleges and Employers, 2023; National Research Council et al., 2011), which are distinct from 

disciplinary knowledge and technical skills (Lamri & Lubart, 2023). It could be that many 

college students are not being given adequate opportunities through curricular and co-curricular 

experiences to develop these needed skills. Although even if such opportunities are offered, 

students may not recognize these experiences as important to their success following graduation 

because they may not understand that employers expect more than good grades, which are often 

the primary focus of student attention. However, the following quote from a study participant 

suggests another possibility.  

[. . .] they tell us to put these skills on our resume for college, and you’re not 

technically supposed to use these words. You’re supposed to show through 

your experience of [. . .] what you’ve done to show that you can do this. And 

that’s the, I think, even the harder part, because you can say, “Oh, I’m a really 

good communicator,” but without an experience to prove it you’re kind of 

stuck [. . .]  (Devan, study participant discussing skills needed for their 

planned career) 

Students may be aware of 21st-century skills desired by employers and the importance of 

being able to describe experiences to demonstrate that they have specific skills, but they 

encounter difficulty when trying to connect experiences to specific skills. 

We report results from a mixed-methods study that explored students’ perceptions of the 

skills required for their planned career and opportunities to develop these skills in two project-

based general chemistry laboratory courses at a large Midwestern R1 institution. Alignment of 

students’ perceptions of needed skills with skills identified by employers as critical to success in 

the 21st-century workforce is also examined. Study participants were predominately first- and 
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second-year undergraduate STEM students. To provide context for this study, this chapter begins 

with an overview of how goals and pedagogical approaches for laboratory instruction have 

evolved over time, the gap between employer expectations and their perceptions of recent 

college graduates’ preparation for the workforce, and the role of chemistry education in career 

preparation.  

Laboratory Learning in Higher Education 

The value of laboratory courses in higher education relative to their cost has been questioned, at 

least in part because of limited evidence that they support the student learning provided as a 

rationale for why they are necessary (Bretz, 2019; Hofstein & Lunetta, 1982). Integrated into 

college curricula in the 19th century, general chemistry laboratory courses were originally 

designed to train bench chemists for industry positions, which are in stark contrast to today’s 

multidisciplinary and technologically advanced careers in STEM fields (Hofstein & Lunetta, 

1982; Reid & Shah, 2007). Traditionally, the curriculum centered on technical skill development 

(e.g., laboratory techniques) by providing structured step-by-step laboratory instructions for 

experiments with known outcomes and focused on reproducible results, an instructional 

approach that remains prevalent today (Buck et al., 2008; Russell & Weaver, 2011). These 

traditional laboratory courses are often viewed by students as disconnected rote exercises that do 

not stimulate interest or promote creativity (Lagowski, 1990; Reid & Shah, 2007; Wink & 

Weaver, 2011).  

The model of student-centered inquiry-based learning set forth by John Dewey in the 

early 1900’s, marked a pivotal turning point in education that would set the foundation for future 

laboratory transformation (Herman & Pinard, 2015; Krajcik & Blumenfeld, 2006; Provenzoi, 

1979). Inquiry-based learning, realized in the laboratory environment, provides opportunities for 

students to propose and test hypotheses, design experiments, and make claims supported by 

evidence (Hofstein & Mamlok-Naaman, 2007). Four levels of inquiry-based learning have been 

characterized for undergraduate science laboratories, ranging from structured inquiry, where 

most of the information needed to conduct an investigation from defining the problem to analysis 

is provided, to authentic inquiry, where students determine all aspects of an investigation from 

formulation of a scientific question to reporting findings (Buck et al., 2008). In progressing from 

structured inquiry to authentic inquiry, the next level is guided inquiry, where procedures are 

provided but students have agency in deciding how to analyze data and communicate results. In 
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open inquiry, the student’s role in directing laboratory activities is increased even further. 

Students are given background information and an initial problem or question, but they are 

responsible for designing the rest of the investigation from generating experimental procedures 

to communicating results.  

Project-based learning (PjBL) is a form of open inquiry. Students are given a driving 

question to answer through investigation carried out in a collaborative environment supported by 

scaffolded activities (Krajcik & Blumenfeld, 2006; Robinson, 2013; Wilhelm et al., 2019).  

Projects investigating a particular phenomenon can range in duration from several weeks to 

multiple semesters and typically conclude with student teams reporting findings. A key feature of 

PjBL is the centrality of student engagement with peers and instructors. Through these 

interactions, students can consult and rely on others to bridge gaps in knowledge, brainstorm and 

share ideas, and collaboratively engage in problem-solving and critical thinking to work towards 

a common goal (Capraro, Capraro, & Morgan, 2013; Capraro, Capraro, & Slough, 2013; 

Wurdinger, 2016). If one takes a more expansive view of the purpose of laboratory courses, this 

type of learning environment can offer students the opportunity to develop career-related skills 

amidst a growing concern that college graduates entering the job market today are lacking 

important skills, commonly known as “the skills gap” (Bell, 2010; Jollands et al., 2012; 

Wurdinger, 2016). 

Employer-desired Competencies and the Skills Gap 

For decades, a sizeable gap has existed between the skills possessed by recent college graduates 

entering the workforce and those expected by employers.  Employers report that many college 

graduates lack the skills needed for success in the 21st-century workplace, 

emphasizing deficiencies in soft skills as a root cause (Association for Talent and Development, 

2022; Goodman et al., 2015; National Association of Colleges and Employers, 2018; 

Organisation for Economic Co-operation and Development, 2019; The Association of American 

Colleges and Universities by Hart Research Associates, 2013; Warner et al., 2011; World 

Economic Forum & in collaboration with The Boston Consulting Group, 2015).  

These soft skills, which will be referred to as employer-desired competencies (EDCs) in 

this study, are commonly characterized as generic or transferrable skills that are independent of a 

graduate’s field of study and are applicable across disciplines (Rockwood, 2021). They include 

communication, teamwork, problem-solving, critical thinking, and professionalism, which span 
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the cognitive, interpersonal, and intrapersonal domains. EDCs contrast with job-specific 

knowledge and technical skills often described as hard skills (Lamri & Lubart, 2023; National 

Academies of Sciences et al., 2017). This perceived deficit in EDCs has attracted the attention of 

academic institutions and governmental agencies since the early 1990’s because of its 

implications for competitiveness on a national and global level (Secretary’s Commission on 

Achieving Necessary Skills, 1991).  

The job market has undergone rapid evolution during the first two decades of the 21st-

century as technological advances have created new career opportunities. Automation in the 

workplace replaced the need for rote technical skills, and the desire from employers for advanced 

skill sets grew exponentially. No longer did a resume lined with proficiencies in technical skills 

suffice. This new era, recognized as the fourth industrial revolution, moved at a markedly faster 

pace than its predecessors (Schwab, 2016). This shift affected college graduates, who were often 

left without the skills needed to adapt in this evolving job market, while hiring managers were 

faced with decreasing pools of qualified candidates, leaving many job openings unfilled 

(American Society for Training & Development, 2012; Association for Talent and Development, 

2022; Rider & Klaeysen, 2015; The Association of American Colleges and Universities by Hart 

Research Associates, 2013). In addition to applicants being turned away from job openings 

because they lacked the necessary skills, employers reported that many current employees 

were deficient in EDCs, indicating a larger and more profound problem. Furthermore, 

perceptions of those in higher education regarding how well their institutions are preparing 

students for the working world are often at odds with the views of business professionals and the 

general public. In a recent survey, 95% of academic officers indicated that their institution 

adequately prepares students for the workforce, in stark contrast to a mere 11% of business 

leaders and 13% of the general public believing that students were adequately prepared with the 

skills needed (Carlson, 2022). 

Universities face challenges in integrating EDC development within curricular and co-

curricular experiences because the definitions of EDCs and associated expectations can be vague 

or overly general (Olesen et al., 2020). In addition, these skills are hard to measure 

through traditional assessments and can require the use of methods that are both time-consuming 

and costly (National Research Council et al., 2011). Various organizations have put forth 

frameworks in a call to action, suggesting potential strategies for addressing this problem 
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(Crompton & Sykora, 2021; International Society for Technology in Education, 2019; Jones & 

King, 2012; Metiri Group, 2003; Organisation for Economic Co-operation and Development, 

2019; Partnership for 21st Century Learning: A Network of Battelle for Kids, 2019; Secretary’s 

Commission on Achieving Necessary Skills, 1991). The Framework for 21st Century Learning 

developed by P21 provides a vision for K-12 education that integrates learning in key subjects 

and 21st-century themes with life & career skills, learning and innovation skills - 4C’s (critical 

thinking, communication, collaboration, and creativity), and information, media & technology 

skills (Partnership for 21st Century Learning: A Network of Battelle for Kids, 2019).The 

Common Core State Standards (CCSS) in English Language Arts and Mathematics address 

competency development to build career readiness and college preparedness, detailing learning 

milestones for each grade in K-12 (Jones & King, 2012). The enGauge 21st-century skills offer 

another perspective on competencies essential for “success in a digital age” (Metiri Group, 

2003).  The Metiri Group, which contributed to the enGauge project, subsequently defined 

individual 21st-century skills and described corresponding levels of attainment to guide teachers 

in measuring student progress (Metiri Group, 2017). International organizations, such as the 

Organization for Economic Co-operation and Development (OECD) and the International 

Society for Technology in Education (ISTE), have developed standards for creating globally-

competent citizens (International Society for Technology in Education, 2019). Problem-solving, 

critical thinking, communication, and collaboration stand out as competencies found across these 

initiatives. Unfortunately, despite the attention given to identifying competencies required for 

workplace success and incorporating these competencies in education standards, the skills gap 

remains.  

In 2019, the Society for Human Resource Management (SHRM) published the results of 

a 2018 survey of US human resource professionals involved in the recruitment of new hires 

(Burner et al., 2019). Three-quarters of those reporting difficulty filling positions attribute it to 

inadequate technical field-specific skills and/or soft skills, while 51% reported that educational 

institutions are not doing enough to close the skills gap, underscoring the importance of 

educational institutions making a greater effort to prepare students for today’s workforce. The 

investment in time and money required to earn a college degree carries expectations that higher 

education will deliver on the promise of providing a path to a fulfilling career and upward 

economic mobility (Gallup Inc. & Lumina Foundation, 2022). Academic institutions have a 



 66 

responsibility to assess if their graduates have the discipline-specific knowledge and skills as 

well as EDCs required to enter the workforce and a foundation for further professional growth. 

Chemistry Education & Career Preparation 

Expectations in the chemical industry for graduates with B.S. Chemistry degrees have also 

evolved, although the undergraduate chemistry curriculum has not necessarily adapted. In a 

survey of individuals working in the chemical industry serving as a proxy for employers who 

hire recent graduates with chemistry degrees, Kondo & Fair found that respondents rated 

interpersonal skills (93%), teamwork (83%), strong work ethic (79%), and problem-solving skills 

(68%) as very important (Kondo & Fair, 2017). At the same time, while over 80% of 

respondents indicated that they expected formal instruction, practical application, and 

evaluation/feedback in undergraduate chemistry programs to include technical skills, analytical 

and quantitative skills, written communication skills, problem-solving skills, and oral 

communication skills, only 55% expected explicit training in teamwork and 47% in development 

of interpersonal skills. However, among respondents who didn’t expect formal instruction, 40% 

indicated that they would like to see training in teamwork and 50% in interpersonal skills. The 

fact that roughly half the respondents expected formal instruction in teamwork and interpersonal 

skills with many of the remaining respondents identifying such training as desirable suggests a 

need for undergraduate chemistry programs to intentionally incorporate opportunities to build 

these skills in the curriculum. 

The American Chemical Society Committee on Professional Training (ACS CPT) 

recognized the need for going beyond building technical skills and content knowledge to prepare 

chemistry bachelor’s degree graduates for the workforce. This 2015 report recommended 

incorporating the development of problem-solving, communication, and team skills into the 

undergraduate chemistry curriculum (American Chemical Society, 2015). Recent guidelines 

released by ACS show that these skills continue to be identified as important skills to be 

incorporated into laboratory curriculum (American Chemical Society, 2023). Many of the skills 

identified by individuals working in the chemical industry and the ACS are broadly applicable to 

fields beyond chemistry, which is important in the context of this study as the majority of 

students enrolled in the general chemistry laboratory courses studied do not aspire to careers in 

chemistry. 



 67 

Studies and interventions conducted in several countries offer additional perspectives on 

career preparation in the context of undergraduate chemistry programs and courses.   Yasin & 

Yueying found in surveys of undergraduate chemistry majors and prospective employers in 

Singapore that the transferable skills of communication and teamwork were highly ranked by 

both groups; however, less than half of the students reported acquiring these skills, 27% for 

communication and 38% for teamwork (Yasin & Yueying, 2017). From questionnaires 

administered to undergraduates pursuing a chemistry degree at a UK institution, Galloway found 

that over 90% of respondents planning chemistry-focused careers as well as over 90% of those 

planning careers in other areas identified problem-solving, teamwork, time management, and 

independent learning ability as very useful or useful for their planned career (Galloway, 2017). 

Where the two groups differed most significantly was in their perceptions of the usefulness of 

chemistry content knowledge and safe chemical handling practices, with students planning 

careers where chemistry is not central finding these aspects of their undergraduate program less 

useful. Interestingly, even among respondents planning careers that were not chemistry-focused, 

significant numbers reported that analytical techniques (over 80%) and manipulative practical 

skills (over 90%) as very useful or useful for chemistry-related aspects of their planned career. 

Chadwick and co-workers introduced assessment of organizational skills (preparation and 

organization), interpersonal skills, and work-based skills (teamwork, initiative, independence, 

and working safely) to a first-year chemistry laboratory for STEM students in Australia to 

promote development of professional skills (Chadwick et al., 2018). Over half the students 

reported that assessment of these professional skills helped them understand expectations and 

built their confidence. Instructors reported improvement in professional skills and engagement as 

well as greater alignment between student and instructor evaluations over time.  

A project-based general chemistry laboratory course (Carmel et al., 2019) modeled on the 

Cooperative Chemistry project-based curriculum (Cooper, 1990) that implements an open 

inquiry learning approach and is centered on scientific practices can potentially offer an inclusive 

opportunity for large numbers of STEM students to begin developing EDCs early in their 

undergraduate careers. Semi-structured interviews elicited an in-depth and nuanced picture of 

participants’ experiences with EDC development in these courses, while statistical analyses was 

used as supporting evidence when identifying significant differences between samples (e.g., 

comparing if there were differences between a student’s career goal and the skills they perceive 
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as necessary for success in their future career). The perspective on student awareness of EDCs 

and how they may associate lab activities with building EDCs provided by this study can 

potentially inform the design of laboratory curricula to explicitly promote development of EDCs 

to begin addressing the skills gap. 

Research Questions  

This mixed-methods study, carried out in two project-based general chemistry laboratory 

courses, sought to address the following research questions:    

1. (RQ1) What skills do students believe are needed for their career goal, and how do these 

student-perceived competencies (SPCs) align with employer-desired competencies 

(EDCs)?  

2. (RQ2) How do students relate course components and activities in a project-based 

general chemistry laboratory learning environment to skills perceived as necessary for 

their planned career?  

Theoretical Framework 

This study is guided by social constructivism, a theory of learning proposed by Vygotsky which 

posits that learners actively build knowledge through interactions with their social environments 

(Vygotsky, 1978). As a result, learning cannot be separated from the social interactions and 

influences that are part of the environment in which learning takes place. Construction of 

knowledge in this paradigm requires active participation by learners rather than passive transfer 

of information. Learners also draw upon prior experiences to make meaning. Development of 

job-related skills or competencies based on a social constructivist framework has been used 

previously to guide the design of employee training programs. Kraiger proposed that social 

constructivism is central to workplace training, stating the “knowledge and skill base required to 

perform our jobs is socially negotiated” (Kraiger, 2008). Cooper et al. studied the impact of a 

small-scale training program developed using the principles of social constructivism and found 

from pre- and post-assessment that the experimental group showed gains in the soft skills of 

creativity, adaptability, and self-acceptance/confidence relative to the control group (Cooper et 

al., 2006).  

Active construction of understanding and social interaction are two of the pillars of 

project-based learning (Krajcik & Blumenfeld, 2006). The project-based general chemistry 

laboratory courses in this study create an environment where students are encouraged to “do 
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what scientists do” through actively engaging in scientific practices while interacting with the 

learning community. This community includes multiple teams of 3-4 students and graduate 

teaching assistants, where each member of the community can provide guidance and support to 

aid students’ learning and development throughout the course (Carmel et al., 2019; Krajcik & 

Blumenfeld, 2006). The centrality of social interactions to the collaborative learning 

environment found in the general chemistry laboratory courses in this study influenced the 

adoption of a social constructivist framework as a lens for characterizing student experiences and 

perceptions.  

Methods 

Methodological Framework 

This study used a mixed-methods approach, incorporating qualitative and quantitative elements 

(Plano Clark & Ivankova, 2018), to explore EDC development in project-based general 

chemistry laboratory courses. The focus of this chapter will be on the qualitative methods 

employed, using transcendental phenomenology to guide this area of research, accompanied by 

statistical methods to aid in interpretation of comparisons between samples.  

The primary aim of transcendental phenomenological research is to explore a particular 

phenomenon (e.g., EDC development) through providing rich and nuanced descriptions of 

“what” and “how” individual participants experienced a phenomenon (Creswell, 2013).  

Moustakas and Creswell define transcendental phenomenology as a methodological approach 

where researchers engage in the central philosophical tenet of  “epoché” by addressing 

preconceived judgements or experiences to be set aside prior to investigating the phenomenon in 

order to see the true essence of what is, a concept proposed by the founder of phenomenology 

Edmund Husserl (Creswell, 2013; Moerer-Urdahl et al., 2004; Moustakas, 1994). Individuals 

who experience the chosen phenomenon are selected and data is collected, commonly through 

interviews. Themes from transcripts are identified and defined from excerpts and then presented 

by describing what was experienced with contextual descriptions of how something was 

experienced (Eddles-Hirsch, 2015; Moerer-Urdahl et al., 2004; Moustakas, 1994). Although 

acknowledging researcher biases via epoché was not initially integral to this research, the 

importance of addressing the primary author’s (BE) personal experiences with the courses and 

consciously setting aside any preconceived ideas to allow themes to emerge from the experiences 

of participants became evident as the study progressed.  
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Researcher Bias Statement 

Important to every study is acknowledgment of an author’s positioning in the research process 

and any potential for bias this may introduce. Author BE, who led data collection and analysis, 

held instructional positions in the two courses studied. Prior to and during data collection, the 

primary author (BE) was a graduate teaching assistant (GTA) for both general chemistry 

laboratory courses over 4 semesters. Additionally, author BE served as a senior GTA for 1 

semester following data collection. As a senior GTA, BE supervised undergraduate learning 

assistants and assisted the laboratory coordinators with GTA training.   

These experiences give author BE a unique insider perspective but could also potentially 

introduce bias in collection, synthesis, and interpretation of data. Steps were taken to mitigate 

against the potential for bias associated with author BE’s involvement in these courses. 

Interviews were conducted by three different researchers, including the primary author BE. No 

interview participant was a student of the primary author. Interview transcripts were deidentified 

prior to analysis. In addition to BE being an instructor, a second author (Priya Patterson-Lee - 

PP-L) was an undergraduate student enrolled in these courses while analysis was underway for 

this study. Author PP-L served as the second coder, and it was imperative during coding 

meetings to address and recognize any potential biases and let the data and participant 

experiences speak for themselves. An additional second author (Lynmarie A. Posey - LAP) on 

this study was not directly involved in the courses studied and participated in analysis and 

interpretation of interviews and refinement of the coding scheme. Acknowledgment of all 

authors positionally in the study is intended to provide transparency to readers.  

Course Contexts 

This study was conducted in general chemistry laboratory 1 (GCL1) and general chemistry 

laboratory 2 (GCL2) courses at a large Midwestern university. These general chemistry 

laboratory courses follow a cooperative, project-based curriculum (Cooper, 2012; Sandi-Urena, 

Cooper, & Stevens, 2011; Sandi-Urena et al., 2012). Teams of 3 or 4 students work together, 

leveraging the benefits of constructing knowledge in a social environment often going beyond 

what they can achieve individually, to solve a problem or answer a scientific question based on a 

project scenario (e.g., reproduce the color profile of a name brand beverage for a generic soda 

company or conduct experiments using artificial kidney stones to formulate a recommendation 

on the best way to dissolve and prevent kidney stones). Graduate teaching assistants serve as 
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mentors. Time is allotted during lab for teams to collaborate on planning documents consisting 

of a series of scaffolded questions. These questions are used to guide teams in making decisions 

about the experiments to perform and data to collect by prompting students to design 

experimental procedures and divide tasks among team members. The following week, students 

perform planned experiments, share data with team members, collaboratively analyze data, and 

report preliminary findings in their laboratory notebook. The multi-week format for projects 

gives student teams the flexibility to make mistakes, adapt their plan after collecting some data, 

or even explore a different approach. At the conclusion of each project, students synthesize their 

findings and construct arguments using experimental evidence to support their claims.  They 

communicate their results in formats that include oral presentations, poster presentations, and 

written reports. Although the origins of project-based learning predate A Framework for K-12 

Science Education, the cooperative project-based laboratory curricula in these courses embed 

many of the scientific practices in laboratory activities and assessments (Carmel et al., 2019; 

National Research Council & Committee on a Conceptual Framework for New K-12 Science 

Education Standards, 2012). Learning outcomes provided to students in the laboratory manual, 

that each student is required to obtain, outline the scientific practices that are most prevalent to 

the laboratory activities (e.g., designing experiments, analyzing and interpreting data, and 

constructing explanations and engaging in argumentation), alongside outcomes that could be 

related to EDCs such as collaboration and communication (Cooper et al., 2023).  

The course structure for GCL1 and GCL2 is identical; however, the complexity of 

projects increases in GLC2. Students are not required to take the labs concurrently with the 

corresponding general chemistry lecture course. Enrollment in these courses consists of 

predominantly of first- and second-year STEM students. Total enrollments in GCL1 and GCL2 

during this study were 2,627 and 1,103, respectively (breakdown by semester provided in 

Appendix A.IV.1). Students in most engineering majors only take GLC1, and enrollment in 

GCL2 is dominated by students pursuing degrees in the biological sciences. Under 4% of the 

students enrolled in these courses during this study were chemistry majors (Appendix A.IV.2). 

This study was conducted in Spring 2020, Summer 2020, and Fall 2020. Due to the COVID-19 

pandemic, these courses transitioned to emergency remote instruction in Spring 2020 and were 

conducted entirely online in Summer 2020 and Fall 2020. Exploring the influence of online 
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learning on student experiences in developing EDCs is outside the scope of this chapter but will 

be explored further in Chapter VI.  

Data Collection 

This study was determined to be exempt after review of study protocols by the institution’s IRB 

office. During three consecutive semesters, Spring 2020 (Sp20), Summer 2020 (Su20), and Fall 

2020 (Fa20), students enrolled in GCL1 and GCL2 were invited to participate in remote 

interviews. Extra credit was offered as an incentive for participation. Surveys were administered 

as an alternative extra credit opportunity for students who declined to participate, were unable to 

participate, or were not selected for interviews; however, these data will not be examined in this 

chapter. Students were not eligible to participate in both a survey and interview during the same 

semester and were only permitted to participate in the interview process once for the duration of 

this study.   

Selection of Participants 

Interview participants were selected using a purposeful sampling method (Mathison, 2005) based 

on declared major in order to represent experiences from a diverse sample of majors and planned 

careers as described in Appendix A.IV.3. Interviews were conducted remotely on the Zoom 

video conference platform, with interviews lasting from 16 to 63 minutes and having an average 

length of 44 minutes. A total of 54 participants were interviewed (Sp20 n = 24, Su20 n = 12, 

Fa20 n = 18). One interview from Sp20 was excluded from the data set because a poor internet 

connection degraded the quality of the audio recording resulting in significant gaps in the 

transcript. In addition, the participant stated that they were attending university to pursue 

personal interests rather than to obtain a degree related to a career goal. This resulted in a final 

sample size of 53 participants. The interview sample was compared to the course population for 

each semester using SAT composite scores. No significant differences were found (Appendix 

A.IV.4).  

Participant Demographics  

Demographic data for the 53 participants whose interviews were analyzed was obtained from a 

student records data request. No demographic data were available for one Su20 participant; as a 

result, this individual is not represented in the characterization of the interview sample that 

follows, except for course enrollment. Across the three semesters, the sample consisted of 

roughly equal numbers of participants from GCL1 (n = 27, 51 %) and GCL2 (n = 26, 49%) who 
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were primarily freshman and sophomores (n = 39, 75%). The mean age of participants was 18.9. 

The breakdown by legal sex was female (n = 30, 57%) and male (n = 22, 42%), which may not 

accurately capture participants’ identities. Approximately a fifth of the sample self-reported as 

first generation (n = 10, 19%) with the balance assumed to be continuing generation (n = 42, 

79%). The distribution by race and ethnicity across the three semesters was Asian (n = 1, 1.9%), 

Black or African American (n = 7, 13.2%), Hispanic/Latinx (n = 6, 11.3%), International (n = 3, 

5.7%), Two or More Races (n = 1, 1.9%), White (n = 28, 52.8%), and not reported (n = 3, 5.7%). 

Additional demographic information, including a breakdown by semester is provided in 

Appendix A.IV.5.  

Interview Protocol 

The interview protocols used in this study, which were refined over the three semesters, are 

provided in Appendix (A.IV.6, A.IV.7, and A.IV.8). Participants were provided with a brief 

overview of the study and informed of their rights at the start of the interview. Interviewers 

verified that participants were 18 years or older and obtained signed consent. Interviews 

followed a semi-structured format using predetermined questions but allowing interviewers to 

follow up on comments from participants for clarification or to elicit additional information 

(Herrington & Daubenmire, 2014). The interview protocol was divided into unprompted and 

prompted sections. In the initial unprompted segment, students were asked to first identify skills 

they thought would be valuable for their planned career goal. Subsequently, they were asked 

about development of these skills through experiences within and outside the general chemistry 

laboratory courses. In the prompted portion of the interview, students were shown a list of skills 

that employers desire in new hires (Appendix A.IV.9) and were asked to identify skills 

necessary for their career goal and discuss any experiences in their general chemistry laboratory 

course that may have contributed to skill development.  

Qualitative Analysis of Interviews 

Interview recordings and transcripts were assigned unique identification numbers and associated 

aliases prior to analysis. Nonbinary aliases were assigned intentionally to avoid indicating 

participant gender. Audio recordings of interviews were transcribed verbatim using a web-based 

machine transcription service (OTTER.ai). The researchers reviewed the machine-generated 

transcripts and corrected errors before dividing the transcripts into unprompted and prompted 

subsections based on the interview protocol design prior to analysis.  
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Inductive thematic analysis was utilized to identify emergent themes for four main areas 

of inquiry; a) anticipated career goal, b) prior experience and exposure to career, c) skills needed 

to be successful in planned career, and d) experiences associated with development of these 

skills within the courses (Nowell et al., 2017). Researchers began by getting acquainted with the 

interview transcripts and generating initial codes that were then organized into broader themes to 

represent a preliminary coding scheme. Coding was carried out using MAXQDA (VERBI 

Software). Once the preliminary coding scheme was constructed, two independent coders 

individually applied the scheme to a set of interviews to determine its reliability. Until inter-rater 

reliability (IRR) was established, discrepancies were discussed in full at weekly meetings. The 

coding scheme continued to evolve until complete understanding of the codes was reached and 

Brennan Prediger’s Kappa (𝜅BP) values of 0.80 or greater were achieved. Landis & Koch 

interpret 𝜅BP = 0.80–1.0 as near perfect or very good agreement (Landis & Koch, 1977; 

Mabmud, 2012; Sim & Wright, 2005). After IRR was reached, one independent coder coded the 

remaining interview transcripts. 

Qualitative coding of human responses is inherently messy. Development of a coding 

scheme can require many iterations to establish a structure that can be consistently applied by 

multiple researchers to identify overall themes, while still capturing the variety and richness of 

participant responses. Throughout the results from this study, rich descriptions and quotes of 

student responses are provided with the hope of maintaining complete transparency between the 

researcher and the reader, while capturing the student voice.  

Statistical Analysis for Comparisons Between Samples 

Of interest in this study was determining whether a student’s anticipated career goal or prior 

experiences in the field of their career goal had a relationship to whether a skill was reported as 

needed for success in their future career without prompting. Skills that became emergent in 

participant responses were quantified and displayed using bar charts for initial investigation of 

differences between samples. To determine if observed visual differences were statistically 

significant, chi-square tests of association (𝜒2) was run for each individual skill using 

dichotomous variables to signify if a participant either 1 = reported skill or 0 = did not report 

skill as needed for their career goal without prompting during the first half of the interview. 

Subsequent p-values were adjusted using the Benjamini-Hochberg method of adjustment to 

control for multiple comparisons (Benjamini & Hochberg, 1995) and adjusted values that 
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remained significant, post adjustment, were to be followed by use of Phi or (φ) or Cramer’s V 

(V) to report effect sizes  (Cohen, 1988; Reid, 2022).  

Findings  

The results presented will focus on 1) characterization of the skills that students perceived as 

needed for their planned careers (student-perceived competencies or SPCs), 2) the alignment of 

student-perceived competencies with employer-desired competencies (EDCs), and 3) students’ 

perspectives on opportunities to develop these skills in their GCL1 or GCL2 course. Prior to 

investigating instances of perceived skill development in GCL 1 or GCL 2, student career goals 

and prior experiences (e.g., internships, shadowing), were qualitatively coded to provide context 

for coding of skills required for intended career and skills developed in courses. Findings will be 

introduced by first presenting a general overview of broader themes, followed by exploring 

specific examples nested within each theme as supporting evidence. Related statistical analyses 

will be interwoven with corresponding qualitative results. The terms skills and competencies will 

be used interchangeably. Interview data from students enrolled in GCL1 and GCL2 is reported in 

aggregate, because while the project scenarios differ, the course structures are the same. 

Participants in GCL2 who were also previously enrolled in GCL1 were encouraged to expand on 

and share experiences of skill development within both courses.  

Co-occurring codes were analyzed to represent overarching themes using MAXQDA 

software (e.g., instances of perceived development and corresponding course elements related to 

development of skills). Numbers reported in this study indicate the number of individual 

interview transcripts or participants where themes presented were observed. Themes reported 

throughout this study are presented through vignettes of participants discourse on the various 

topics explored in this study.  For clarity, occurrences of “um”, “like”, or pauses have been 

excluded from participant quotes. 

Undergraduate Career Goals and Prior Experiences 

We start by categorizing participants’ planned careers and prior exposure to their planned career 

to offer context (Table 4.1). Students reported a range of career goals ranging from forensic 

scientist to optometrist. Three mutually exclusive themes emerged for career goals, Health & 

Medical Professions, Engineering & Subspecialties, and Other Careers. Descriptions of each 

career goal and examples of corresponding student responses can be found in Table 4.1. 
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Table 4.1. Classification of participant career goals. 

Career Goal 

Description of Careers 

Included 

Examples of 

Participant 

Responses n (%) 

Health & Medical 

Professions  

Doctor (any specialty), 

nurse, physician 

assistant, occupational 

therapist, nurse 

practitioner, dentist, 

orthodontist, 

optometrist, pharmacist, 

veterinarian. 

 

“[. . .] my goal is to 

either become a 

pediatric orthopedic 

surgeon, or, um, do 

cosmetic plastic 

surgery.”(Fenix) 

 

“[. . .] right now I plan 

to go to pharmacy 

school after undergrad, 

and therefore become a 

pharmacist.” (Corey) 

33 (62) 

Engineering & 

Subspecialties 

Engineer in any 

discipline (e.g., 

electrical, automotive, 

food engineering, etc.), 

and computer scientist 

(e.g., artificial 

intelligence). 

 

“[. . .] I hope to be a 

drilling engineer in an 

oil company.” (Bailey) 

 

“And through robotics, 

I decided that I wanted 

to go into more of an 

AI or machine learning 

field.”(Jordan) 

10 (19) 

Other Careers  Research & 

development, medical 

laboratory scientist, 

forensic scientist, 

astronaut, and 

undecided or does not 

know. 

“. . . I definitely want 

to just do neuroscience 

research and then 

maybe just be a 

professor at a 

university is what I'm 

looking at right 

now.”(Sunny) 

 

“Well, interestingly 

enough, I'm not, I'm 

not necessarily [. . .] 

planning to do any 

kind of direct 

engineering work [. . .] 

but my main, my 

major, huge, big 

picture, dream goal is 

to be an astronaut.” 

(Stevie) 

10 (19) 

The majority (62%) of participants aspired to careers in a medical field and engineering 

was the second most reported career area (19%). Other careers (19%) encompassed career areas 

mentioned by only 1 or 2 participants as well as participants without defined career goals. The 

three career goals will provide a contextual lens as participant perceptions of skills needed for 

their planned career and development in their general chemistry laboratory course are examined. 
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Participants were asked to discuss prior experiences and exposure related to the field they 

planned to pursue post-graduation. Many participants (n = 28, 53%) had direct experiences that 

included volunteering, shadowing, internship, work, and/or research opportunities in their 

specific field or related occupations. Others explicitly mentioned not yet having a chance to gain 

hands-on experiences in their chosen field (n = 20, 38%) for reasons including reduced 

opportunities during the pandemic, just starting their college career, or recent changes in their 

career goal and/or major. Although not all participants had a chance to engage in hands-on 

experiences, some had learned about their planned career through conversations with family 

members and friends working in the field (n = 5, 25%)1, interviews with professionals (n = 4, 

20%)1, club activities (n = 3, 15%)1, exposure via personal experiences (n = 3, 15%)1(e.g., 

interacting with doctors as a patient or conducting research into the field), and career fairs (n = 1, 

10%)1.  

Experiences beyond traditional shadowing or internship experiences were also shared by 

those who had prior hands-on experience, showcasing how participants had a wide range of 

experiences contributing to perceptions of what their career goal entails. A small number of 

participants (n = 5, 9%) were either not asked if they had prior experience in their field due the 

interviewer skipping this prompt, missing areas of text in the transcript due to technological 

problems when recording the interview, or because the participant did not elaborate on their 

experiences.  

An additional line of inquiry that was explored within interviews was asking students to 

elucidate what they think day-to-day would look like within their future career goal. This line of 

inquiry provided further insight the prior knowledge participants had of their planned occupation 

and returned two main findings – 1) the perception that day-to-day activities will vary depending 

on specialty or project (n = 6) and 2) uncertainty in what day-to-day activities would look like (n 

= 9). These findings were shared both by participants who reported having prior hands-on 

experiences (e.g., internships) as well as those who had not yet had those opportunities. When 

asked what their day-to-day would look like as a physician, Grey encompassed both themes of 

being unsure of what a typical day would entail along with believing these activities would 

change based on what specialty they planned to go into.  

 
1 Percentage represents the number of participants who cited an instance of exposure to career goal out of the n = 20 

participants who reported they had no internship/shadowing experience.  
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[. . .] I'm not exactly sure just because [. . .] my goal is medical school, but at 

the same time, I'm not sure about like a specialty that I would want to go into 

right now and that changes it up so much.  Every doctor has a day-to-day 

difference even, if even within specialties depending on whether or not you 

own your own practice, you work in like a hospital and stuff like that, all 

the day to day is going to be like completely different. So, I'm not exactly 

sure to be honest. (Grey) 

These observations show the inexperience of some participants regarding what to expect 

within their field, but also offered insights into how aware students are that the workplace does 

not remain consistent and will change according to the profession and/or project they are 

working on.  

Through the variety of experiences and thoughts explored above, participants were able 

to share insights into skills they believed would be of high value for their future career.  

Skills Perceived as Needed for Future Career 

In the absence of prompting, students discussed many skills that they believed were necessary 

for their planned career, which resulted in an expansive set of initial codes for student-perceived 

competencies (SPCs). Thematic analysis of these codes identified seven overarching career skill 

sets with defined subcategories (Appendix A.IV.11), which are represented in Figure 4.1. The 

diameter of the circle for each skill set corresponds to the number of participants (n) who 

mentioned at least one skill from the main skill set as needed for their career. The seven SPC 

skill sets are highlighted in bold, with the respective skills listed underneath.  
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Figure 4.1. SPC skill sets (highlighted in bold) identified by participants (n = 53) as required for 

their career without prompting. The diameter of each circle corresponds to the number of 

participants who named skills from the skill set.  Subcategories are listed if space permits or as 

follows: Problem-solving & Critical Thinking: data analysis, analytical thinking, creativity & 

innovation. Prioritization & Time Management: organization, punctuality, multi-tasking, 

efficiency with time. Education & Learning skills: curiosity & willingness to learn, general 

knowledge. Other Skills: attention to detail/observation skills, decision making skills.  

Interpersonal Skills were defined as the skills needed to work and interact with others in 

the work environment which are reliant on social interactions. Intrapersonal Skills embodied 

competencies possessed by the individual that contributed to a person’s work ethic and 

personality traits or characteristics of an individual. Although Problem-solving & Critical 

Thinking Skills and Prioritization & Time Management Skills have both interpersonal and 

intrapersonal elements, they were characterized as distinct skill sets in this study. Problem-

solving & Critical Thinking Skills encompassed skills related to solving problems with 

creativity and innovation or using data analysis and interpretation to seek or justify solutions. 

Prioritization & Time Management contained skills surrounding effective management of 

tasks and time. Occupation-specific Skills pertained to field-specific knowledge or technical 

skills required for a specific job or task. Education & Learning Skills included competencies 

needed to learn, acquire, develop, or obtain general knowledge. The Other Skills category was 

defined by skills that did not fit into previously defined skill sets and did not occur with 

sufficient frequency in the data set to warrant a separate category.  
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In the absence of prompting, nearly all participants (n = 48, 91%) identified interpersonal 

skills as necessary for entering the workforce, followed by intrapersonal skills (n = 31, 58%), 

occupation-specific skills (n = 27, 51%), problem-solving & critical thinking (n = 19, 36%), and 

prioritization & time management (n = 17, 32%). Only 9% (n = 5) of participants mentioned 

education & learning skills.  

Subskill categories from interpersonal (communication, teamwork, social & people skills, 

miscellaneous interpersonal skills), intrapersonal (personality & character traits, work ethic), 

occupation-specific (technical skills, field-specific knowledge, miscellaneous occupation-

specific skills), education & learning (curiosity & willingness to learn, acquiring knowledge), 

and other (working in a diverse environment, navigating across boundaries, miscellaneous other 

skills) skill categories were disaggregated and compiled alongside problem-solving & critical 

thinking and prioritization & time management to compare differences in skills reported as 

valuable career competencies, without prompting, based on students’ career goals or prior 

experiences (A.IV.12). Comparison of these skills, using chi-square tests, revealed no 

statistically significant differences to indicate a relationship between either variable and the skills 

students recognized as valuable to their careers without prompting.  

During the second half of the interview, participants were shown a visual aid listing 

EDCs (A.IV.9). They were asked to identify any skills from the list that would be needed for 

their career and expand upon why skills not discussed previously would be relevant. Figure 4.2 

above shows the percentages of students in each semester who identified a skill as important to 

their career during the interview, either with or without prompting. This figure shows six skills 

that were prevalent in all semesters: communication skills, teamwork skills, work ethic 

(primarily self-motivation), problem-solving & critical thinking, prioritization & time 

management, and technical skills. Although social & people skills were identified by a majority 

of participants as important career competencies in Sp20 and Su20 semesters, less than 40% of 

Fa20 participants recognized these skills as necessary leading to exclusion of this skill in further 

investigation. This noticeable decrease in Fa20 participants reporting social & people skills as 

relevant to their planned career goals may be due to the lack of inclusion of compassion & 

empathy skills present in the Sp20 and Su20 skills list that was categorized under social & 

people skills. The six most frequently identified skills will be our focus in exploring instances of 

perceived development in laboratory courses.  
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Figure 4.2. Percentages of interview participants who identified competencies as valuable for 

their career goal before and/or after prompting reported by semester (%). For Fall 2020 data, an * 

signifies skills that were not included in the skills list prompt, and the percentages reported 

correspond to mentions without prompting only. 

An additional line of inquiry added to Fa20 interviews was asking participants to rank 

skills in order of importance to their career goal, with 1 representing the highest value (A.IV.13). 

The most prevalent finding within this line of questioning was that participant’s believed 

technical skills to be of least importance. While a small set of Fa20 participants (n = 4) were not 

included in analysis for ranking of skills due to time constraints or this line of inquiry being 

absent from discussion, most participants (69%, n = 9)2 ranked technical skills as fifth or sixth on 

the spectrum of importance in comparison to the other five EDCs (A.IV.9). Giving participants a 

reason to expand on why they ranked skills in such a manner, participants provided insights into 

 
2 Percentage is taken from a sample of n = 13 participants. One participant did not report a ranking for technical 

skills.  
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the trends explored above.  Some interview participants (n = 3) spoke of ranking technical skills 

last due to the skill being perceived to be learned or taught on the job as reflected in Pax’s 

comment below.  

[. . .] I'm kind of leaning towards putting technical skills near the bottom, 

because I feel like regardless, anyone can just be taught how to work a 

machine [. . .] (Pax, Technical Skills) 

Others (n = 2) who ranked technical skills lowest reported these skills to be a) something 

their career can do without (referring to use of technical skills in the context of technology), and 

b) acquiring these skills are to be done prior to obtaining a job in their chosen career goal 

alluding to skills that are already obtained through schooling should become second nature and 

any gaps can be learned through pursuing more education, leading to these skills being perceived 

as less important in comparison to soft skills. For one interview participant who did not feel 

technical skills ranked among the rest, they reported that they felt these skills do not require 

focus to learn, leading to these skills being excluded from ranking.   

Examining the remaining skills, communication skills were ranked the highest, with 79% 

(n = 11) of participants assigning this skill a value in first or second place and teamwork was 

ranked primarily in second place by 43% (n = 6) of participants.  No discernable trends were 

observed for prioritization & time management or self-motivation (also referred to as work ethic) 

skills.  

As shown in Table 4.2, the student-perceived competencies (SPCs) that emerged from 

the interviews (both not-prompted and prompted) overlap significantly with the core 

competencies required for success in the 21st-century workplace identified by several 

organizations and authors (Kondo & Fair, 2017; National Association of Colleges and 

Employers, 2021, 2023; National Research Council et al., 2011; Organisation for Economic Co-

operation and Development, 2019; World Economic Forum & in collaboration with The Boston 

Consulting Group, 2015). Within and across these employer-desired competencies (EDCs) is the 

strong presence of interpersonal skills (e.g, teamwork, communication, social/cultural awareness, 

empathy, leadership), problem-solving & critical thinking (e.g., analytical skills, creativity, 

systems thinking), technical skills (e.g, information/ communications technology, computer 

skills), intrapersonal skills (e.g., work ethic, persistence/grit, responsibility, adaptability, self-
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efficacy), and education & learning skills (e.g., curiosity/learning to learn, self development), 

skills that are also clearly evident in participant reflection of skills needed prior to and with 

prompting. Interpersonal skills, such as teamwork and communication, and cognitive skills that 

include problem-solving & critical thinking are just as prevalent in student responses as they are 

in employer reports and academic studies. Additionally, when ranking EDCs, students were able 

to recognize value of soft skills over hard technical skills. 

Table 4.2. Comparison of student-perceived competencies (SPCs) with employer-desired 

competencies (EDCs). 

 

 

Student-perceived Competencies (SPCs) from Study 

Listed based on prevalence: 

1. Interpersonal Skills (e.g., teamwork & 

collaboration, communication skills, social & 

people skills, leadership, networking) 

2. Intrapersonal Skills (e.g., work ethic - 

motivation, focus, determination, ability to work 

under pressure; personality & characteristic 

traits - patience, flexibility & adaptability, 

brave, open-minded)  

3. Occupation-specific Skills (e.g., technical 

skills, field specific knowledge, training in 

field)  

4. Problem-solving & Critical Thinking (e.g., 

creativity & innovation, analytical thinking 

– data analysis)  

5. Prioritization & Time Management (e.g., 

organization, punctuality, multi-tasking, 

efficiency with time)  

6.  Education & Learning Skills (e.g., 

curiosity & willingness to learn, general 

knowledge) 

7. Other Skills (e.g., attention to 

detail/observation skills, decision making 

skills) 

Employer-desired Competencies (EDCs) 

Kondo & Fair’s Skills Desired 

in Chemical Industry 

World Economic Forum’s 21st Century 

Skills 

National Research Councils 

21st Century Skills 

Listed based on importance: 

1.  Interpersonal skills 

2.  Teamwork 

3.  Strong work ethic 

4.  Problem-solving skills 

5.  Initiative 

6. Analytical/qualitative 

skills 

7.  Technical Skills 

8.  Oral communication 

9.  Written communication 

10.  Organizational skills 

11.  Computer skills 

12. Leadership 

Listed in no order: 

• Foundational Literacies (e.g., 

literacy in science, numeracy,  

information/communications 

technology, financial, cultural & 

civic)  

• Competencies (e.g., critical 

thinking & problem-solving, 

creativity, communication,  & 

collaboration) 

• Character Qualities (e.g., 

curiosity, initiative, 

persistence/grit, adaptability, 

leadership, social cultural 

awareness)  

Listed in no order:  

• Cognitive skills 

(e.g., non-routine 

problem-solving, 

critical thinking, & 

systems thinking) 

• Interpersonal skills 

(e.g., complex 

communication, 

social skills, 

teamwork, cultural 

sensitivity, dealing 

with diversity) 

• Intrapersonal skills 

(e.g., self 

management, time 
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Table 4.2 (cont’d) 

Organisation for Economic & 

Cooperative Development’s Skills 

for 2030 

National Association of Colleges 

& Employers (NACE) 2023 Core 

Competencies* 

management, self 

development, self 

regulation, 

adaptability, executive 

functioning) 

 

Listed in no order: 

• Cognitive & 

Metacognitive Skills (e.g., 

critical thinking, creativity, 

learning to learn, & self 

regulation) 

• Social & Emotional Skills 

(e.g., empathy, self 

efficacy, responsibility,& 

collaboration) 

• Practical & Physical 

Skills (e.g., using new 

information & 

communication 

technology devices) 

Listed based on importance:  

1. Communication 

2. Critical Thinking 

3.  Teamwork 

4.  Equity & Inclusion 

5.  Professionalism 

6. Technology 

7. Career & Self 

Development 

8. Leadership 

* NACE’s 2022 list of core competencies had a notable switch of critical thinking being the top rated career 

competency and communication being the second more important. The remaining skills were rated in the same 

order. †All competencies listed under EDCs represent exact wording extracted from the associated resources. 

Over 80% of the students interviewed for this study were freshmen or sophomores. These 

results demonstrate that even in the early stages of their undergraduate studies, students are 

aware of the skills that are needed to be successful in today’s workforce in the absence of any 

prompting, a finding also observed in other studies (Hill et al., 2019; Ntola et al., 2024; Yasin & 

Yueying, 2017). These findings suggest that the perceived skills gap is not simply a matter of 

students’ lack of awareness, and furthermore, opportunities may exist to leverage students’ 

existing awareness to build EDCs within undergraduate curricula. 

Additionally, comparisons were performed to determine if students more frequently 

mentioned the top six skills categories with or without prompting (Appendix A.IV.14). These 

comparisons were made without use of statistical testing and filtering for students who 

recognized a skill category as important and further disaggregating results into 1) those who 

mentioned a skill without prompting and 2) the additional participants who recognized a skill 

post-prompting, showed that a majority of participants recognized work ethic, problem-solving 

& critical thinking, prioritization & time management, and technical skills as valuable to their 

career goal after being introduced to a skills list. These observations suggest that while students 

may not identify some of these skills as important to their career on their own, they do recognize 

specific EDCs as relevant when given a list, pointing to the importance of drawing students’ 
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attention to the skills needed in the 21st-century workforce. Building awareness is a necessary 

first step in helping students connect their college experiences to EDC development. 

Based on these results, several possible explanations exist for the gap reported by 

employers between desired competencies and the skills recent college graduates bring to the 

workplace. These include 1) students have not had opportunities to develop EDCs in college, 2) 

students do not recognize experiences as helping them develop EDCs, 3) students cannot 

articulate how they developed EDCs despite opportunities to do so, or 4) students cannot 

translate these experiences to the workplace. The next section will provide an overview of 

students’ perceptions of the relationship between experiences in the introductory general 

chemistry laboratory courses (GCL1 and GCL2) and skill development.  

Course Components Contributing to SPC Development 

Codes exploring perceived development were generated through the focus of skills that were 

both reported as being needed for participants’ future career goal (SPCs) and perceived as 

developed in the course. If a participant discussed development of a skill in the course but did 

not relate the skill to their career goal, coding did not occur. Students had varying perceptions of 

skill development within the laboratory courses and reported instances in which the course 

provided support or lacked opportunities to develop skills, as represented in Figure 4.3. Some 

participants may have perceived aspects of the course as contributing to development, while 

seeing the online modality as negatively impacting development. For this sample and the 

purposes of this chapter, those who mentioned online learning as a hinderance to development, 

while also mentioning instances of the course supporting development, are only presented in the 

number of students citing the course as supporting development.  

A small subset of participants may be represented as both citing instances of the course 

supporting development as well as viewing the course as lacking opportunities for the same skill. 

Because of this a single participant could have mentioned development of one competency (e.g., 

self-motivation) and at the same time report no opportunities for development of another (e.g., 

focus) within the same skill category (e.g., work ethic), meaning that this participant could be 

represented under both development and lack of development. This occurred for work ethic (n = 

5), problem-solving & critical thinking skills (n = 1), and technical skills (n = 3).  



 86 

 

Figure 4.3. Study participants citing opportunities for development of SPCs in the general 

chemistry laboratory courses or an absence of such opportunities. 

If a participant mentioned that they had not yet developed a skill during their college 

career, it was assumed that this perception included the general chemistry laboratory courses, 

and as such, they were included in the group of students who perceived the course to be lacking 

opportunities. Students also could have spoken of not perceiving development in earlier portions 

of the interview transcripts and revisited the skill to reflect on instances in which the course 

aided development later on in which they were coded as experiencing development.  If instead a 

participant first mentioned they experienced development and later reflected that the course did 

not provide opportunities for development, they were coded as the course lacking opportunities 

for development. Because of the various factors involved in the coding scheme listed above, it is 

crucial when interpreting perceptions of development to keep in mind certain categories are not 

mutually exclusive. Instances which are pertinent to results that include a recurring participant 

citing instances of both the course supporting or lacking opportunities for development for a 

specific skill will be outlined to provide clarity.  

An additional aspect to consider is that due to students guiding the conversation or time 

not permitting, interviewers were unable to follow up on every skill mentioned as important to a 

participant’s career goal and subsequent development within the context of the course. 
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Consequently, the numbers of students who perceived the course as supporting development or 

lacking such opportunities may be underreported.   

Most participants identified opportunities for skill development in these courses (Figure 

4.3). Over 80% of participants identified skills from the communication (82%), teamwork (80%), 

and problem-solving & critical thinking (83%) categories as valuable workplace competencies 

that they also developed in their course. Prioritization & time management was recognized by 

over half of the participants (62%), while work ethic (41%) and technical skills (36%) categories 

were reported less frequently. Only one student reported no opportunities for SPC development. 

Because of their prevalence, communication, teamwork, problem-solving & critical thinking, and 

prioritization & time management will be the primary focus when exploring course elements that 

contributed to development.  

While many participants viewed the courses as providing instances for building skills 

(that will be explored later on), not all participants shared this perception; however, for most 

skills these occurrences were relatively low in comparison to instances in which the courses were 

thought to support development, with technical skills being the exception. A brief synopsis of 

themes exploring explicit and implicit reasons why students did not believe the course to provide 

development for communication, teamwork, work ethic, problem-solving & critical thinking, and 

prioritization & time management are included in Appendix A.IV.15. In the case of technical 

skills, participants had polarizing views, with approximately equal numbers of participants 

perceiving the course as lacking opportunities to develop specific skills and supporting skill 

development.3 Among the participants who said the course did not support development of 

technical skills, 64% (n = 9) of them attributed it to the absence of hands-on experiences and 

opportunities to carry out experiments in an online laboratory course. Many participants who did 

not perceive development of particular technical skills also talked about technical skills being 

context-dependent or learned in specific places, such as on the job, during continued schooling 

(e.g., medical school), or within certain college courses. Examples given included medical 

laboratory or computer science skills, which are outside the scope of a general chemistry 

laboratory course. Some participants were able to recognize the job-specific nature of technical 

 
3 Note that a small number of students (n = 3) identified a skill from the technical skills category that they 

developed while also commenting on another technical skill perceived as important that they did not.  
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skills that is cited throughout the literature (Lamri & Lubart, 2023; National Academies of 

Sciences et al., 2017). Additionally, one participant noted how development was not only class 

specific, but they had to have interest in a topic or course in order for technical skill development 

to occur. Although this was only shared by one participant, seeing value and having interest in 

material is cited as a motivation for learning (National Academies of Sciences Engineering and 

Medicine, Division of Behavioral and Social Sciences and Education, et al., 2018). Even when 

this cooperative, project-based laboratory curriculum is implemented fully in-person, technical 

skills are not the primary focus of these courses.  

In addition to being asked what skills were developed, students were asked to elaborate 

on how these skills were developed through their general chemistry laboratory experiences. 

Codes for course components that emerged from inductive analysis are summarized in section 

A.IV.16 of Appendix. The resulting themes connecting course experiences to skill development 

were classified as either major themes when over 60% of participants associated a course 

component with a particular skill set/skill category or minor themes when 20 - 60% of 

participants connected a course component with a skill set. Major and minor themes will be 

explored in greater depth using representative participant comments. Three major themes, and 

associated minor themes, emerged from participants’ association of skill development with 

course components: 

1. Major Theme 1: The collaborative nature of the courses (e.g., working with teammates) 

contributed to development of communication and teamwork skills. 

1.1.Minor theme 1.1: Various course activities aided communication and teamwork 

development.  

1.2.Minor Theme 1.2: Problem-solving & critical thinking along with prioritization & 

time management was related to collaboration within the course as supporting 

development.  

2. Major Theme 2:  Problem-solving & critical thinking skill development was related to 

the open inquiry learning structure (e.g., students designing and planning experiments 

and having less guidance). 

2.1.Minor Theme 2.1: Other course components that contributed to problem-solving 

& critical thinking skill development included working with data (e.g., data 
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analysis and interpretation), using course resources (e.g., lab manual), conceptual 

learning and application (e.g., applying conceptual knowledge), and 

troubleshooting problems that arise. 

2.2.Minor Theme 2.2. Course scenarios provided at the start of each project acted as a 

tool of encouragement from problem-solving & critical thinking skill 

development.  

3. Major Theme 3: Prioritization & time management development came from students 

having to independently manage projects, assignments, and tasks.  

3.1.Minor Theme 3.1: Formal reports and presentations facilitated the use of 

prioritization & time management skills.  

A fourth primary theme surfaced that was independent of the specific skills categories - 

students discussed professional skill development as a continual learning process that starts prior 

to, within, and beyond the general chemistry laboratory courses. Tables in A.IV.16 provide 

additional detail on course element subthemes and the number of participants who cited them. 

Additionally, to include experiences surrounding development of all six top SPCs, course 

elements reported by students to aid building self-motivation and technical skills are explored in 

A.IV.17.  

It is necessary to acknowledge that because this study was conducted during the COVID 

pandemic, students’ perceptions of opportunities to develop SPCs were impacted by the delivery 

of a laboratory course being partially or fully online. Although it is impossible to fully 

disentangle the online modality from the themes presented herein, this chapter will only focus on 

themes surrounding course components integral to the course design that are considered 

independent of modality.  The impact of the online experience will be explored in a separate 

chapter.  

Major Theme 1. The collaborative nature of the courses contributed to development of 

communication and teamwork skills. 

The collaborative environment was most frequently reported as supporting development of 

communication and teamwork skills from the interpersonal skills category. Within the project-

based learning environment students are encouraged to collaborate with those around them. This 

includes interacting with teammates, neighboring teams, and their teaching assistant. From these 
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opportunities for collaboration, students interviewed predominantly discussed how interactions 

within their semester-long teams contributed to communication and teamwork skill development. 

These interactions included delegation and coordination of tasks, learning to work with others, 

and listening and sharing ideas.  

Projects in GCL 1 and GCL 2 are intentionally designed so that they cannot be 

successfully completed by a single student in the time allotted (Carmel et al., 2019), prompting 

many students to associate delegation and coordination of team roles and tasks with building 

communication and teamwork skills. Students talked about having to determine which tasks each 

team member was responsible for during lab, scheduling time outside of the lab period, taking 

the lead and kickstarting group work, and making sure that everyone worked together as a 

cohesive unit through communicating what was being done and confirming satisfactory 

completion of work. An additional aspect of team coordination was ensuring that all team 

members had the information and resources needed to complete their individual tasks. Morgan 

and Rowan illustrate how making sure the team is functioning in an efficient manner supported 

development of these skills.  

So, certainly teamwork because you know, you're not performing the 

experiments by yourself and you know, delegating work to say, okay, you do 

this, you do this, you do this, and together, we're all gonna collectively, you 

know, do a good job. (Morgan, Teamwork Skills) 

[. . .] I think that communication is a big one. Because without communication, 

your team doesn't work as well. And then you eventually you won't do as well. 

You won't get everything done as efficiently as you'd like to and I think that in 

[GCL 1] you get, I mean you learn about communication very fast. (Rowan, 

Communication Skills) 

Students also perceived learning how to work with others and the act of being a team 

player as aspects of developing communication and teamwork skills. This was done through 

learning how to navigate a team environment through a variety of experiences. Participants 

touched on learning to work with diverse groups of students and provided examples of 
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collaborating with teammates who learned or worked differently or came from different cultural 

backgrounds as contributing to building communication skills, as exemplified by Blake.  

[. . .] in University all of your team members come from different backgrounds 

[. . .] So, being able to communicate and understand and help each other in this 

[. . .] aspect by doing groups or some, or some way to connect with each other, 

that really helps in how we develop our communication skills. (Blake, 

Communication Skills) 

Participants also cited figuring out the team dynamic by learning and playing to each 

other’s strengths and weaknesses, engaging in conflict resolution, and overcoming differences of 

opinion as encouraging skill development. As students articulated that their team’s success 

carrying out projects depended on the contributions of all team members, they discussed making 

sure that everyone was contributing to the team, relying on and trusting each other to complete 

assigned tasks, and picking up the slack for members when needed. Participants also talked about 

helping each other and being respectful of every team member. Finally, some reflected 

introspectively on their role in the team as illustrated by Charlie who points to learning when to 

lead and when to follow.  

[. . .] that's the one class [GCL 1] where I have to work with other people [. . .] 

and that's definitely one where I have to work with different people that aren't 

all exactly like me. So, I have to get used to working with people who don't see 

things exactly how I do who don't operate at the same speed as I do. But we all 

have to work together for that final goal and to have a final complete finished 

project. We have to keep the work equal, we have to rely on each other and 

that's definitely something that has allowed me to better myself in terms of 

working more as a team player versus a leader or someone who has to take 

control over things. (Charlie, Teamwork Skills) 

Sharing ideas with teammates was another component of collaboration that contributed to 

development of communication and teamwork skills. Students spoke of how their groups would 

come together to share their opinions on the activities or tasks they were working on and how 
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they had to listen and actively contribute their own thoughts to the discussion. Shiloh shared their 

thoughts on how this led to teamwork skill development.  

[. . .] it improved my skills when, so it's just not me working, it'll be [. . .] four 

people working on the same thing. So, they'll be giving some ideas, and I'll be, 

I'll be giving some ideas and we, we need to come up, I mean, choose one 

particular idea, I need to write down that idea. So, I mean, doing that will 

really help me, you know, managing something [. . .] (Shiloh, Teamwork 

Skills) 

Minor Theme 1.1. Various course activities aided communication and teamwork development.  

When examining how students associated course activities with SPC development (A.IV.16) it 

was found the communication and teamwork skill development was minorly associated with 

planning documents and presentations, while communication also included completion of 

laboratory reports as encouraging development. Project planning by student teams was facilitated 

by planning documents, which consisted of a series of scaffolded questions to guide development 

of a procedure to investigate a question or problem presented in the project scenario. When 

speaking of communication and teamwork skill development, organization of the team was 

critical to the process of developing the planning document as well as the final product.  

I think for every project, really just like getting started on the first procedure 

sheet. We kind of need someone to step up and kind of see, like, plan out 

which part like, which people are going to do which part. Yeah, I think these 

projects all need some sort of solid leadership in order to get the teamwork 

started. But once it gets started, it's totally fine. (Jordan, Teamwork Skills) 

Palmer recognized that the need for strong communication skills that extended beyond 

sharing ideas, while planning an investigation, to the written documentation of the plan. 

[. . .] With the procedure part of the planning documents you need to, you need 

to be specific with it ‘cause [. . .], basically the planning document, you gave it 

to somebody else, somebody else could do the whole experiment. That's the 
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whole purpose of it. So that was one of the big parts of it. (Palmer, 

Communication Skills) 

At the conclusion of each project, students present their results and make claims based on 

experimental evidence. This is done as a team presentation to the class through oral or poster 

presentations or individually in informal or formal written reports submitted to their GTA. 

Engaging in the process of completing oral and poster presentations offered a springboard for 

developing communication and teamwork skills. Students spoke about working with team 

members to synthesize and practice presentations or having to speak publicly in front of other 

students to communicate scientific ideas.  

We recently had an oral presentation, that was very much about team, we 

practiced the oral presentation. So, yeah, just I think being, relying on each 

other [. . .] But yeah, almost every week you're doing something [. . .] 

teamwork related and the oral presentation was just an example of that. (Riley, 

Teamwork Skills) 

Preparing reports through seeking help via GTA office hours, conveying information 

professionally through synthesizing the various lab components into a written report, and 

displaying information via charts, students were able to advance their communication skills.  

[. . .] writing skills, professionally making data charts to make it easier for 

readers and stuff [later in the interview expanding on the same skill] Like kind 

of condensing your ideas is how I put it. So, you're saying everything you want 

to in the least amount of words. So, that was a big thing that I had to work on. 

And doing that like over and over, because it was every week I got the hang of 

it and it was better. (Sam, Communication Skills)   

Even though teamwork and communication skills lacked a clear connection between 

development and project scenarios (A.IV.17), the concept of projects with high difficulties 

lending itself to development occurred in Lyrics response. 

Definitely. I feel like I definitely did it during [GCL1], not so much [GCL2]. I 

think we were doing the spectrometry lab. And that, that lab, it was, it probably 
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was one of the harder labs that I've probably done. So, that's why I really had, 

had to really rely a lot on my teammates, and really communicate with them 

about what's going on. And just talk to them some, a lot. (Lyric, 

Communication Skills, along with Teamwork Skills) 

Minor Theme 1.2. Problem-solving & critical thinking along with prioritization & time 

management was related to collaboration within the course(s) as supporting development. 

Evidence of the richness of the collaborative environment for supporting SPC 

development beyond communication and teamwork came from connections made by students to 

problem-solving & critical thinking and prioritization & time management. Among various 

aspects that will be explored below, participants associated delegation of responsibilities and 

coordination among team members with developing prioritization & time management and 

problem-solving & critical thinking skills. Kai offered a perspective on the relationship between 

prioritization & time management skill development that occurred through assigning tasks and 

making sure everyone is performing their role.  

And with some of our labs that we're working on, you definitely want to make 

sure [. . .] everyone has their assigned task and they're working accordingly. Or 

else you'll have something left over 10 minutes before it's due and it won't be 

done quality work. (Kai, Prioritization & Time Management)  

Often when students related delegating responsibilities to problem-solving & critical thinking 

skill development, they discussed it through maneuvering as a team around problems that arose 

and making sure everyone was on the same page. Reign presented an interesting take on 

problem-solving & critical thinking when a team member was unable to complete an assigned 

task and the other team members had to adapt to find a solution.  

[. . .] we were working on a poster presentation for one of our labs. And one of 

someone in the team wasn't able to make it to one of our sessions [ . . .] And it 

was kind of important that they would be there because they were bringing like 

supplies that we needed. So, I guess it was a problem-solving moment where 

we had to quickly figure out where we would be able to print something out to 

put on the poster [. . .] . (Reign, Problem-solving & Critical Thinking) 
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Some students discussed exchanging ideas with team members to plan and carry out their 

project as aiding development of problem-solving & critical thinking. Pax reported that the 

course structure made them reliant on communication with teammates to solve problems. 

Problem-solving, definitely, for [GCL1], [. . .] they didn't provide a perfect 

answer or steps that you needed to follow in order to solve the problem. So it [. 

. .] involved, communicating with the team to problem solve and figure out a 

solution to finishing the experiment. (Pax, Problem-solving & Critical 

Thinking)  

For another participant, these moments of listening to others gave them a chance to learn, 

evaluate new information, and incorporate others knowledge into their own as seen through 

Lev’s experience. It was through brainstorming with teammates that Lev related collaboration in 

the course as helping them learn problem-solving & critical thinking skills. 

So, a big thing with us like solving like, "Hey, what's this unknown plastic?" is 

just getting ideas from other people [. . .] bouncing off ideas from one another 

[. . . ] So, I think definitely the, that big shift from like high school to college, 

that laboratory process is a big way of why, the solving problems, I think, the 

biggest contributor to what I learned from the lab. (Lev, Problem-solving & 

Critical Thinking) 

Students discussed prioritization & time management skill development in the context of 

meeting responsibilities to their team that included being punctual out of respect for teammates, 

being motivated to contribute time outside of class to complete activities, and learning how to 

work together and adapt to roles as needed to finish tasks efficiently. For example, Alex spoke 

about their team relying on them to be on time.  

Yeah, I've always appear[ed] on time because [. . .] we do work in groups, so if 

I'm not [on] time, or one of my [. . .] group members, not [on] time, might 

affect our grade in overall, because we are given all different responsibilities.” 

(Alex, Prioritization & Time Management) 
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Sam added the element of prioritization & time management to problem-solving & 

critical thinking when discussing how their team arrived at an approach for measuring density.  

[. . . ] So, we were finding the mass [density] of a plastic, or we were going to 

before we got sent home. But we had to come up with different ways to 

measure them [. . .] And for me personally, I was sitting there stuck, I was like, 

"Wait, how do you like, measure the mass of this?" like I, or volume, like I 

don't know. And someone in my group was like, "Oh, you do the water 

displacement thing," you put in water or some substance and know the volume 

or mass of that, and [. . .] putting those ideas together, thinking critically and, it 

helps. Especially when you're [. . .] managing time, because you gotta work 

fast in a way, but also work smart, but work fast if that makes sense. (Sam, 

Problem-solving & Critical Thinking, Prioritization & Time Management)  

Teammates were not the only source of collaboration in the laboratory environment, 

where having the teaching assistants to guide and answer questions for students was another 

aspect of the collaborative environment that aided communication and problem-solving & 

critical thinking skill development.  

These experiences, recounted by students, capture how the collaborative and social aspect 

of these project-based general chemistry laboratory courses can promote development of 

interpersonal skills that are highly valued in today’s workplace. Engaging students in 

collaborative work that results in development of teamwork skills has been defined as a learning 

goal in general chemistry laboratory courses (Bruck et al.,2010) and the intentional design of 

projects that cannot be completed by one person in the time available makes interpersonal skills, 

such as teamwork and communication, essential to successful completion of projects. Students 

recognize this, but they also identify other SPCs whose development is supported by the 

collaborative environment.  

The benefits of working with others is further supported by the literature, where working 

in an environment that fosters meaningful collaboration can be associated with the creation of 

better solutions and problem-solving capabilities (National Academies of Sciences Engineering 

and Medicine, Division of Behavioral and Social Sciences and Education, et al., 2018) and an 

increased sense of belonging (Corwin et al., 2015). The social nature of learning is salient in the 
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examples presented above, where working with others aided not only in development of 

expected interpersonal skills, but other valuable SPCs such as problem-solving & critical 

thinking and prioritization & time management as well.  

Major Theme 2. Open inquiry learning promoted development of problem-solving & critical 

thinking skills.  

The open inquiry learning environment, that is integral to the general chemistry 

laboratory courses in this study, supported development of problem-solving & critical thinking 

skills by requiring students to design and plan investigations associated with scenarios 

representing real-world problems. Arbor associated the freedom to design methods, evaluating 

options before deciding on the approach, assessing the effectiveness of the method chosen, and 

identifying possible improvements with thinking critically.  

I would say I feel like given a, being given a scenario, and having the 

independence to think about any way you deem fit to solve a problem, involve 

thinking critically. You'd have to assume the positives and negatives of each 

method that you're going to choose to solve a problem, which I also enjoy to 

see if the method I devise is the most effective, or what improvements could be 

made to my method, or to my team's method to make it more effective, get 

more precise answer. I also think it's rewarding to get the correct way to do it. 

(Arbor, Problem-solving & Critical Thinking)  

Within the project-based general chemistry laboratory courses, teaching assistants serve 

as mentors, who promote student thinking through asking guiding questions without providing 

direct answers. Some participants commented on the lack of stepwise directions or explicit 

instruction from teaching assistants, but they acknowledged the value in having to figure out how 

to the answer the question or solve the problem presented in the project scenario, as exemplified 

by Lyric and Blaine’s comments.  

And I believe a good thing with [GCL2] and [GCL1] does is the fact that they 

let you design the experiments yourself. It's not like a guided experiment, you 

kind of just go about it in a way that you will want to do it. And I really like 

the TAs, they, they'll tell you what they want you to do, but then it's up to you 
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after that. It's a lot of, I feel like it's a lot of freedom. I definitely feel a lot of 

freedom in [GCL1]. (Lyric, Problem-solving & Critical Thinking)  

I think problem-solving's really, especially 'cause I feel like we're not really 

given that much direction it's kind of just like, "Here's like the lab scenario," it 

was kind of do it yourself. So, just really important to be able to think about 

what you're doing. (Blaine, Problem-solving & Critical Thinking)  

Another aspect of problem-solving & critical thinking that students touched upon was 

performing research and finding additional sources of information to support designing their 

investigations and reporting results in oral and written reports.  

So, that aspect was actually very challenging for me, and I actually appreciated 

the experience because in having to create your own procedure kind of forces 

you to really think about what you're doing. And you have to investigate fully 

like the topic yourself. (Perry, Problem-solving & Critical Thinking) 

We had to do a oral presentation on it and I think when I actually had to go 

more in depth versus not just doing it on a lab notebook, I think physically 

like, going out of my way to know more information about it, and then not 

only just reading it, but then having to explain it to a class helped me a lot. 

(Raiden, Problem-solving & Critical Thinking) 

Participant responses highlighted awareness of opportunities to engage in development of 

what was perceived as problem-solving & critical thinking skills. The absence of stepwise 

instructions for carrying out experiments, which is a key feature of open inquiry (Buck et al., 

2008), was central in their discussion of these experiences.  

This is further captured by a small set of students who contrasted their more traditional 

laboratory experiences in high school or college courses with the open-inquiry nature of the 

project-based general chemistry laboratory courses. The aspects explored above of having less 

guidance, the ability to generate procedures, and having to investigate the topic prior to writing a 

procedure were perceived as more beneficial in promoting problem-solving & critical thinking 
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skill development than being provided step-by-step instructions. This is reflected in Dylan and 

Ember’s comments below.  

[. . .] right now I'm taking a lab at [lists university they are taking a lab course 

at], and its, they just give you the lab, and you do it on your own. So, I think I 

like the way State does it better, making up your own lab. (Dylan, Problem-

solving & Critical Thinking) 

At first it was like, kind of difficult, obviously, because I had never been in a 

lab where we had to design our own experiments. I'd also- always been in 

those where they just give you all the steps and you don't really have to think 

about why you're doing each thing, very much. So, it was helpful. But it could 

also be a little difficult because you have to, you know, do all that work 

between. But yeah, I mean, it's like a combination of it's harder work, but it's 

also more rewarding, you know, so, I would say that it's enjoyed, I could enjoy 

it. (Ember, Problem-solving & Critical Thinking) 

Building problem-solving & critical thinking skills that are transferrable beyond the 

contexts in which they are learned is a goal of student-centered inquiry-based learning 

(Constantinou et al., 2018).  Although we cannot report on the transferability of these skills, 

students were able to articulate and connect their experiences within these courses to the 

problem-solving & critical thinking skills that were viewed as beneficial for their career goals. 

Although open inquiry does not provide as much freedom as authentic inquiry, it is more 

scalable and allows the instructor to have greater control over the learning that is occurring while 

still providing students with opportunities to develop valuable problem-solving & critical 

thinking skills.  

Minor Theme 2.1.  Additional course components frequently mentioned as supporting 

development of problem-solving & critical thinking skills. 

Minor themes surrounding problem-solving & critical thinking could be found through 

troubleshooting, learning and applying conceptual knowledge, working with data, and using 

course resources as supporting development. Conceptual learning and application emerged 

through participants having to apply prior or newly acquired conceptual knowledge to laboratory 
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activities or gaining new knowledge on topics introduced in the courses. Casey exemplified both 

aspects of acquiring and applying knowledge when working on both the food dyes UV-visible 

spectroscopy and identifying unknown plastics labs to develop problem-solving & critical 

thinking skills. 

[. . .] so within most of the prompts, again, we're going in with stuff that we 

know a little bit about, we had a little intro into, but you know, before this 

class, I'd not really heard of spectroscopy, I knew in general it kind of existed, 

but never used it. Same thing with the different ways of evaluating plastic, very 

specific things that you kind of, we learned a little bit about, and then had to 

use what we, what little we learned to do it. So, definitely, there's some 

problem-solving and overcoming that knowledge gap of, okay, so we know a 

little bit about this thing, how can we use the little bit we know in how this 

thing works to figure out how to solve the problem that's given. (Casey, 

Problem-solving & Critical Thinking) 

Working with data encompassed students deciding how to display, analyze, and interpret 

their data. Stevie offered an example of problem-solving & critical thinking in the context of 

analyzing and interpreting data collected from the infrared spectrometer and learning how to 

draw meaning from that data.  

And sort of being able to make, draw conclusions from the data that we collect. 

Rather than just seeing it and looking at a bunch of spiky lines, we actually 

understand intuitively what the meaning of the data is [. . .] (Stevie, Problem-

solving & Critical Thinking) 

Course resources involved use of the course textbook, lab manual, and working with 

chemical instruments as components related to development. Use of these resources was 

referenced in relation to problem-solving & critical thinking skill development through utilizing 

the lab manual to aid students in planning procedures, consulting the provided textbook to find 

information and fill gaps in knowledge, or working with instruments as observed in Stevie’s 

response above.  
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Problem-solving and critical thinking skills are often referenced as learning goals of 

students engaging in the laboratory (Bretz et al., 2013; Bruck et al., 2010; Hofstein & Lunetta, 

1982; Reid & Shah, 2007). The major and minor themes presented within this study surrounding 

instances of problem-solving & critical thinking skill development support findings in the 

literature. When Danczak et al. asked students how they developed critical thinking skills in their 

chemistry courses, accompanied by questioning teaching staff on how they provided students 

with the opportunity to develop critical thinking skills, the aspects of a) designing experiments, 

b) the inquiry-based learning environment, c) applying and developing knowledge, d) engaging 

with experimental data, e) critiquing experimental design or data, f) performing research, and g) 

engaging with the learning community (e.g., other students or instructors) emerged (Danczak et 

al., 2017). Additionally, Danczak et al. found the laboratory environment to be one of the places 

identified by students and instructors as conducive to development of this skill. Development of 

critical thinking skills was also defined as a learning goal by general chemistry laboratory 

teaching faculty in a study conducted by Bruck and colleagues (Bruck et al., 2010). Faculty 

believed critical thinking skills to be developed by designing experimental procedures, using 

evidence to inform decisions, making judgements, and engaging in the problem-solving process.  

Additionally, some of the emergent themes that students believed contributed to problem-

solving & critical thinking skill development, in the study herein, can be tied to the scientific 

practices as outlined by the National Research Council’s A Framework for K-12 Science 

Education (National Research Council & Committee on a Conceptual Framework for New K-12 

Science Education Standards, 2012). The primary practices that emerged were designing and 

planning experiments and analyzing and interpreting data. These themes also support Carmel et 

al.’s findings in which it was reported that the general chemistry laboratory courses investigated 

in this study contained opportunities for students to engage in the scientific practices (Carmel et 

al., 2019).  

Minor Theme 2.2. Course projects aided problem-solving & critical thinking skill development. 

During interviews, students referred to specific projects from the courses when talking 

about development. Most frequently, these references were associated with problem-solving & 

critical thinking (A.IV.16). Participants often associated problem-solving & critical thinking skill 

development with projects perceived as difficult, complicated, or unfamiliar. As complexity 
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increased, it became necessary to deconstruct the project into manageable parts as explained by 

Blaine.  

[. . .] you're given like a huge assignment and you're not really sure what to do. 

And it's breaking it into smaller parts and thinking about how can you use 

them. So, I think that's what problem-solving and critical thinking is, it’s like if 

you're solving a problem of “How do I start this?” then the critical thinking is, 

“Okay, this is what I have. How can I apply it?” So, I think for sure, [Food 

Dyes] was one I really had to use that in. Because I think the gas and volume 

one in the classes were like a lot easier, just ‘cause they were smaller. And 

yeah, the food dye one was kind of figuring it out yourself. (Blaine, Problem-

solving & Critical Thinking) 

Projects covering an unfamiliar topic, such as making soaps and analyzing the associated 

wastewater, prompted the use of problem-solving & critical thinking skills discussed by Perry.  

[. . .] I probably relate to the last project I did [. . .] it was on creating soaps for 

chemistry and I guess it's something that none of us have done before, for like 

my teammates and I, I mean, I guess we just kind of like we read through the 

manual we were given and we asked our TA some questions. And we use 

scientific concepts to, like draw upon basically a framework for where we 

would write our procedure and we have to do these planning documents. 

And those help a lot because we have to answer scientific related questions. [. . 

.] (Perry, Problem-solving & Critical Thinking - along with Communication 

Skills) 

Planning document activities that students engaged with were also seen as a providing 

instances in which development can occur. The quote from Perry above also associates the 

process of developing a procedure supported by the planning document with building problem-

solving & critical thinking skills.  
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Major Theme 3. Prioritization & time management development came from students having to 

independently manage projects, assignments, and tasks.  

Although collaboration is a key component of successfully completing each project, 

specific tasks are carried out by individuals of the team. When participants reflected upon 

development of prioritization & time management skills, they commonly focused on their 

individual responsibilities for completing the work.  They discussed learning to be prepared 

ahead of time for an upcoming class or assignment, splitting assignments into manageable 

pieces, prioritizing completion of assignments, staying organized, making sure to stay on task, 

and keeping track of assignment due dates and meeting deadlines. Arbor spoke of the importance 

of prioritizing tasks that need to be completed during the three hours in which lab meets, while 

Codi learned how to manage time through the experience of working on an assignment too close 

to the due date.  

So, you'd manage your time, which about two and a half, two hours, 50 

minutes, 11 to 1:50. So, being able to assign priority, priorities to tasks is really 

important. Because I think it's easy to get lost in the details and just forget what 

you're doing [. . .] So, managing priorities is really important. And time, since 

you don't want to spend too much time on anything. (Arbor, Prioritization & 

Time Management)  

But, I feel like managing time also, especially these past couple of weeks, 

because we've had lab report sections to turn in and the first night, I waited 

until the night before to finish the introduction. And then I was stressed so then 

I learned I need to start managing my time, like space it out a little bit and I 

definitely learned from first experience that I should manage my time better 

and space it out, so that has been helpful. (Codi, Prioritization & Time 

Management) 

Minor Theme 3.1. Formal reports and presentations facilitated the use of prioritization & time 

management skills.  

Organization and time management were required to compile information collected 

throughout course projects into a finished product and prepare for presentations. Riley reflected 
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on the team effort it took to produce their oral presentation, while Reign expanded on keeping 

organized in order to create either formal reports or oral reports to develop prioritization & time 

management skills.  

I actually, I definitely think the labs are very good at, I guess organizing like 

your, I guess your experiment as a whole. Because  at the end we would do 

either a formal report or an oral report or some type of report that we had to 

turn in. And that's when the organization really comes in handy, where 

hopefully, you recorded and you made the proper graphs and tables, and you 

collected all the data, you needed to fully explain what you did in the lab. 

(Reign, Prioritization & Time Management)  

For one project each semester, students prepared a formal report following a journal 

article format, which is a new experience for most students in GCL1. Students prepared and 

submitted drafts for individual sections (introduction, methods, results and discussion) over 

several weeks to get feedback before submitting the final report, which required students to keep 

track of multiple due dates for this one assignment. Because of this, formal reports were the most 

frequently discussed activity that contributed to development of prioritization & time 

management skills. 

Major Theme 4: Skill development is a continual learning process. 

A broader theme that emerged from the interviews, which was not specific to the 

laboratory courses or specific SPCs, was students’ perception of skill development as an ongoing 

and progressive learning experience. Some students expected to progressively develop SPCs 

across their college career and noted that their experiences in the laboratory courses pointed to 

areas for growth. 

I'd say I have a very basic level. I wouldn't consider myself advanced at all in 

those skills. I think I definitely have like, a lot more learning left to do. And I'd 

probably expect my college experience to teach me those skills. (Perry, Social 

& People Skills, Communication Skills, Problem-solving & Critical Thinking, 

and Field-specific Knowledge skills)  
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But I mean, I think that's just something that you learn over time, and 

something you try and improve on [. . .](River, Communication Skills)  

But it [the lab course] actually has taught me that the time management skills I 

thought was good, was not good. And I needed to do better which I'm doing 

better. Now I could do even better. But, you know, I'm working and 

learning every day. (Oak, Prioritization & Time Management) 

For a small sample of students, although the course may not be viewed as a source of 

development for some SPCs, the course was perceived to act as a steppingstone that would 

provide an indirect but beneficial contribution towards their future career goal by providing the 

knowledge and experiences needed for advancing to future courses.   

Participants also mentioned experiences from their lives beyond school and college as 

contributing to competency growth and development. Some students reported and acknowledged 

that development will occur beyond their college education and continue even after they reach 

their intended career. Others recognized that they needed to continue developing their skill sets 

and expressed a desire to continue learning.  

[. . .] I think everything leading up to where you're gonna end up is helpful in 

some way. Because, you know, everything builds upon your past experiences 

and things like that. So, I think, even if it would just help me in future 

chemistry classes, for example, which would then help me. You know, what 

I'm trying to say, everything builds upon itself. (Ember, commenting on no 

specific skill) 

Really, I would, I really feel like I would just be constantly consulting with 

patients, every different day, I really believe I'm, my education would not stop, 

it would really just be the beginning. So I really feel like I'd just be learning 

more every day [. . .](Lyric, commenting on no specific skill)  

Additionally, the top 6 SPCs were perceived by some students as having value extending 

to various aspects of life beyond their future career goal (Appendix A.IV.18). This included all 

six SPCs being viewed as important during their college career and campus life, as well as being 
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seen as general life skills needed for everyday living. Additionally, these skills were reported as 

being valuable across a variety of careers within (e.g., any job in healthcare) and/or outside of 

(e.g., any career/profession) a participant’s intended career category. These findings showcase 

how students view EDCs as being applicable and having importance to not only success in their 

career but various avenues of life, further emphasizing the value of building student awareness of 

these skills, how they can be applied, and instances in which development or growth can occur.  

These skills are widely recognized, beyond the participants of this study, as pertinent skills for 

success in life, learning, and career contexts (nkley et al., 2012; National Research Council et al., 

2011; Organisation for Economic Co-operation and Development, 2019; Wurdinger, 2016).  

Areas Students Desired Development 

Broadening the scope beyond skills students mentioned as necessary for their career goal, 

students were asked in what areas they have liked to have had opportunities to develop skills 

within the courses but were not given a chance to. Interviewers had a slight variation on the way 

in which this question was asked – some maintained a more general line of questioning referring 

to skills students would like to continue working on before entering their career or areas they 

would like to continue to improve in the general chemistry laboratory courses - leading to some 

participants being excluded from this analysis. This is a limitation to be taken into account when 

assessing these results. The outcomes of this question, as discussed below, are drawing upon the 

data presented in A.IV.19.  

Skills that students wanted to work on the most, that they felt they did not have an 

opportunity to grow within the general chemistry laboratory courses, were occupation-specific 

skills (n = 10). Of these skills, most students (n = 8) wanted a chance to develop technical skills, 

while the remaining students desired field-specific knowledge (n = 2). Technical skills that 

students wish were included in the courses were - a) lab techniques that were unable to be 

learned due to a lack of hands-on experimentation that an in-person course would afford, b) a 

lack of knowledge that was only perceived to be gained through taking other courses and could 

not be learned in the general chemistry laboratories, c) wanting more background information 

behind how different areas of lab work (e.g., spectroscopy) prior to “conducting” the labs, and d) 

working with software (e.g., Microsoft PowerPoint) that was unable to be learned due to a lack 

of tutorials and resources available that was accompanied by the feeling that being in-person 

would have been more beneficial in learning these. When speaking of professional/technical 
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skills present on the skills list provided to students, one student separated the two and felt that 

technical skills of laboratory techniques were lacking due to taking the course being online but 

also felt they would have liked to learn more about what professional skills are needed for their 

career path. This is reflected in Indy’s comment below.  

[. . .] one of the little boxes mentioned professional skills and I feel like we do 

things that are for a college class but I don't know what's necessary in the 

professional realm and I feel like maybe if people have a wide variety of career 

paths that they want to go into it would be hard to merge them, but maybe to 

prepare us more for that. (Indy, Professional/Technical Skills) 

For the small number of participants who desired working on field-specific knowledge 

this included – a) wanting to learn scientific principles and feeling that the course was too 

focused on experimental aspects and b) when asked about developing physics knowledge within 

the courses one participant mentioned that there were no opportunities, further elaborating that 

taking the course online was a detriment to skill development.  

Other skills students wanted to work on that the course was perceived to be lacking 

included – a) problem-solving & critical thinking (n = 5), b) the intrapersonal skills of embracing 

change (n = 2, situated within personality & character traits) and self-motivation (n = 1, situated 

within work ethic skills), c) the education & learning skill of curiosity (n = 2), d) the 

interpersonal skills of leadership (n = 1, situated within miscellaneous interpersonal skills) and 

social & people skills (n = 1), and e) other skills that included having hands-on experiences (n = 

2, without referencing technical skills) and working on understanding and comprehension of 

what is to be done for each project (n = 1). Not all participants felt that the course needed further 

integration of skills, with some (n = 8) stating that there were no further skills they could think of 

that they wish would’ve been present within the courses.  

While technical skills are not a primary learning objective within these courses, 

participants consistently desire opportunities to develop these skills. This often coincided with 

the fact that students were removed from the laboratory environment (a finding that is explored 

in depth in Chapter V). While technical skills may be perceived to benefit more from students 

being in the classroom, some students offered thoughts on how problem-solving & critical 

thinking skills could better be incorporated within the courses that could be implemented 
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independent of the course modality (e.g., in-person or remote). Of the n = 5 participants who 

wanted opportunities to develop problem-solving & critical thinking in the course, n = 3 felt that 

this would be better done with more guidance and direction given from their GTA from starting a 

project to generating lab procedures and interpreting data. For Zuri, this desire for more guidance 

was reminiscent of a traditional lab.  

So, I feel like the TA's probably could do like a better job of explaining in the 

beginning what the lab outcome [. . .] should be, and how you should interpret 

it, like what factors and properties you should look at and to think what does 

this mean and why does it relate to the lab. (Zuri, Problem-solving & Critical 

Thinking)  

Contrasting this, one participant found that the online labs lacked the freedom to 

determine one’s own decisions during experimentation, leading to the feeling that this skill was 

unable to be obtained from the course.  

While the open-inquiry structure of these project-based courses aim to provide students 

with less structure (e.g., giving students freedom to generate procedures versus being provided 

procedures), it was observed that a small number of participants believed that having more 

assistance could be beneficial in growth of problem-solving & critical thinking skills. However, 

this same lack of assistance was also seen as a beneficial opportunity for many students in 

developing problem-solving & critical thinking skills. This may provide an indication that some 

students benefit from varying levels of assistant from instructors.  

Implications  

While students are unlikely to fully develop the skills needed for success in their career within 

one course, courses such as project-based general chemistry laboratory courses can contribute to 

students’ career preparation and skill development. In addition, introductory STEM courses can 

set the stage for retention of STEM majors depending on students’ perceptions of their relevance 

to their planned major or career (Chen, 2013; Meaders et al., 2020; Seymour & Hunter, 2019). 

Providing opportunities to develop EDCs in introductory courses can maintain interest and 

demonstrate relevancy to students’ career goals. A project-based general chemistry laboratory 

course (Carmel et al., 2019) modeled on the Cooperative Chemistry project-based curriculum 

(Cooper, 1990) that implements an open inquiry learning approach and is centered on scientific 
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practices can potentially offer a more inclusive opportunity for large numbers of STEM students 

to begin developing EDCs early in their undergraduate careers.  

Ideally, as students proceed through their academic and subsequent professional careers, 

they can build upon these experiences and continue to develop and fine tune the skills needed to 

enter and maintain success in the workforce. However, in order for ECD development to be 

purposefully included within students’ college careers, careful consideration of how these skills 

are integrated into course curriculum is needed. This can be done by using evidence-based 

research practices, such as this study, to influence curriculum design.  

We offer additional suggestions for how EDC development can be introduced both within 

introductory courses and across a student’s college career.  First, building awareness of skills 

early in a students’ college career through introducing the concept of EDCs and how they can be 

developed or applied within the context of a course may aid students in recognizing key 

competencies and focusing on instances in which growth can occur. Additionally, providing 

explicit examples of how a skill is prevalent to a students anticipated career goal through 

experiences relayed by professionals in their field may further enhance students’ perceptions of 

the importance of these skills. Although providing examples for all possible career goals within a 

course is not plausible, investigating the student characteristic of planned careers and using the 

most prevalent categories can potentially aid in this task.  

Second, students could greatly benefit by being given opportunities to reflect and 

articulate instances of perceived development. Being able to clearly demonstrate application of 

EDCs to potential employers is a key aspect of the interview process and gaining entry into the 

workforce. As such, students should be given ample opportunities to reflect on how they have 

gained EDCs throughout their college career and within course curriculum by using available 

tools such as e-portfolios. However, integrating additional opportunities for professional 

development of teaching assistants or instructors to assess student performance in EDCs may 

also be beneficial (Chadwick et al., 2018), as students have been shown to lack the ability to 

identify deficiencies or places they need work (Ntola et al., 2024).Third, we acknowledge that 

integrating additional activities beyond previously set course curriculum can be an arduous task 

on top of the many responsibilities of instructors. By integrating short questionnaires in the form 

of extra credit activities, educators can offer a small but rewarding introduction to EDCs and 

encourage awareness of development within their course. Building student awareness of EDCs 
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through outlining how skills can be developed and applied, situating the skills within relevant 

career contexts that can further motivate learning, and allowing for instances of reflection are 

just some of many aspects in a model proposed to aid in skill transfer (Jackson, 2016).  

Conclusions & Future Directions 

The 53 students interviewed for this study were able to identify skill sets important to their 

planned career without prompting that aligned with competencies desired by employers and 

valued in today’s workforce. In addition, they provided specific instances of experiences in 

project-based general chemistry laboratory courses that supported development of employer 

desired competencies. The above results show how rich experiences that involved various 

components of the courses coalesced to build these skills. Although providing opportunities for 

development of EDCs are not an explicit focus or objective of these courses, the structure of the 

introductory project-based laboratory courses provided multiple opportunities for development 

of interpersonal, intrapersonal, problem-solving & critical thinking, and prioritization & time 

management skills as reported by students.  

Situated in the context of a course that caters to mostly non-chemistry majors who will 

not go on to jobs in the chemical industry, findings of perceived EDC development are an 

important distinction. Students also recognized that development of the skills necessary to 

succeed in the workplace will be a continual learning process extending beyond their academic 

career. Developing and reflecting upon instances of development early in a student’s college 

career may be beneficial for preparing them for the 21st-century workforce. By providing 

students with opportunities to recognize and become aware of development early on, students 

could continue to build upon their skills sets throughout their college career. This in turn could 

potentially allow students to continually articulate and refine how they have used and applied 

skills, with the hope of ultimately providing students with better career preparation for their 

future careers.  

The actual transferability of EDCs across contexts remains unclear. These skills are often 

ill-defined and hard to measure with literature lacking evidence to support transference from 

educational to career contexts (National Research Council et al., 2011).  Additionally, because 

EDCs fall outside of the confines of content knowledge, they are often not the focus in higher 

education curricula and are considered secondary aspects of student learning. Assessment of 

EDC development and whether these skills transfer across contexts were not the goals of this 
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study. We do not claim to provide evidence for development of specific skills or transference. 

Instead, we aimed to provide insight into how students perceive development of these skills in 

reference to their career goals. This study contributes rich accounts from a student perspective on 

their experiences in a project-based general chemistry laboratory and the skills that they think 

they have developed. Further studies must be conducted to determine the best method for 

measurement of each skill, though the downfalls of this and current measurement methods/tools 

can be found thoroughly defined by the NRC report (National Research Council et al., 2011). 

Additionally, students will have a multitude of experiences prior to and after taking these 

courses, both in formal academic settings and outside, that will contribute to advancement of 

these skills. Exploring cases in which graduates draw upon examples to demonstrate skills when 

entering the workforce through longitudinal studies may offer insight into instances that had the 

greatest impact on perceived development of EDCs and the relationship to career success. 

Limitations  

This study, based on semi-structured interviews of a sample of students from two large-

enrollment general chemistry laboratory courses, was designed to capture students’ perceptions 

of EDCs needed for their planned career and possible connections between the experiences in the 

laboratory and EDC development. As such, the findings of this study cannot be generalized to 

the general chemistry laboratory student population at the institution sampled. Further, this study 

does not make claims about EDC development and career preparation in other project-based 

general chemistry laboratory courses, although it does indicate that this potential exists and 

identifies course components that students associate with EDC development. Additionally, we do 

not aim to provide evidence that a single college course can or should be the sole venue for EDC 

development but rather that an introductory laboratory course taken early in students’ 

undergraduate studies can provide a platform on which to continue building and enhancing skills 

needed to be successful in today’s workforce. The meanings participants ascribe to these skills 

may differ and due to the often broad definitions surrounding these skills it is possible that 

categorization of skills into the themes generated by this study’s researchers is not reflective of 

how a student would categorize a skill. 

It must be acknowledged that the COVID-19 pandemic created unique circumstances 

during the semesters when these interviews were conducted, which unavoidably impacted 

student experiences in the general chemistry laboratory courses and their perceptions of these 
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experiences. In two of the three semesters students planned investigations and analyzed and 

interpreted data but had no direct hands-on experience with carrying out investigations and 

collecting data. The absence of this hands-on experience may have influenced which career-

related skills students chose to discuss without prompting. Although the impact of the pandemic 

and the necessary adjustments to instruction are not explicitly examined in the current study, 

they will be explored in a separate chapter.   

Prior to and throughout the process of conducting interviews, survey administration 

occurred. Because of this a sample of interview participants (n = 11) had completed an online 

survey on EDC development in the general chemistry laboratory courses in a previous semester. 

We acknowledge that priming due to prior engagement with a related survey could influence 

responses. However, providing students with opportunities to continually reflect on development 

of EDCs could also be beneficial in helping students to not only consider their experiences in a 

particular course but also the growth of skills as they move through their college career.  
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APPENDIX 

A.IV.1. Course Enrollment by Semester  

Table 4.3. Course enrollment by semester and course (n). 

Semester GCL1 GCL2 Total 

Spring 2020 (Sp20) 1074 594 1668 

Summer 2020 (Su20) 131 73 204 

Fall 2020 (Fa20) 1442 458 1900 
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A.IV.2. Student Declared Majors of Course Population by Semester  

Chemical Physics majors were included in the percentage of chemistry majors because the 

degree program is administered by the Department of Chemistry. At the institution in this study, 

there is a Department of Biochemistry and Molecular Biology that oversees biochemistry degree 

programs, resulting in these majors not being reported in the percentage of chemistry majors 

within the general chemistry laboratory courses. Biochemistry majors accounted for less than 5% 

of the sample for each semester. Students pursuing a chemical engineering degree were also not 

included the percentage of chemistry majors and account for less than 4% of enrollment in these 

courses. Totals in Table 4.4 below are smaller than those invited to participate in interviews for 

two reasons: 1) Some participants invited to participate in interviews did not have registrar 

information on file, or 2) some participants within the data collected from the registrar office 

were not included on the email list. This could be due to drops and withdrawals that normally 

occur during a college course leading to this fluctuation being anticipated.  

Table 4.4. Declared majors of course population by semester, n (%). 

 Declared Major 

Semester Chemistry 

Biochemistry & 

Molecular 

Biology 

Chemical 

Engineering Other Majors Total 

Sp20 36 (2) 78 (5) 53 (3) 1480 (90) 1647 

Su20 6 (3) 8 (4) 3 (2) 167 (91) 184 

Fa20 43 (2) 80 (4) 65 (3) 1680 (90) 1868 
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A.IV.3. Purposeful Sampling Method 

Students were asked to volunteer for interviews by completing a pre-selection survey indicating 

their course, class standing, and declared major. Cumulatively across 3 semesters, a total of n = 

3,772 students were invited to participate in interviews, and n = 781 volunteered, yielding a 

response rate of 21% (Table 4.5). Selection of interview participants in each semester used 

purposeful sampling based on major and course (GCL1 and GCL2) to provide a diverse and 

representative sample. During the final semester of data collection (Fa20), class standing was an 

additional parameter considered in defining the target sample. Note, however, that the data from 

students in GCL1 and GCL2 were pooled in reporting results from this study. Details of the 

purposeful sampling in each semester are described below. Table 4.5 below summarizes the 

breakdown in interview participants by semester and course. A total of n = 54 interviews were 

conducted across the three semesters. The resulting sample size was n = 53 after removal of one 

interview from Spring 2020 because internet instability made the audio recording largely 

unusable. 

Spring 2020 

Respondents to the pre-selection survey were sorted by major into the following groups: human 

biology, biological sciences, engineering, chemistry, biomedical laboratory science, applied life 

sciences, physical sciences, pre-medicine/nursing/veterinarian, data science, mathematics, 

psychology, business, international relations, education, exploratory, and undeclared. After 

sorting the respondents by major and course, initial targets were established for sampling to 

mirror the distribution of majors and course enrollments in the volunteer population. Students 

were then randomly selected for interview invitations from each of the groups to achieve the 

numbers targeted for purposeful sampling. The target participant sample by major and course 

was human biology (nGCL1 = 3, nGCL2 = 3), biological sciences (nGCL1 = 3, nGCL2 = 5), engineering 

(nGCL1 = 4), chemistry (nGCL2 = 1), and biomedical laboratory science (nGCL2 = 1). Additional 

participants were added as the study progressed with the final sampling of majors being human 

biology (nGCL1 = 3, nGCL2 = 6), biological sciences (nGCL1 = 3, nGCL2 = 3), engineering (nGCL1 = 4), 

chemistry (nGCL2 = 2), and biomedical laboratory science (nGCL2 = 2) majors. The major of the 

participant removed following data collection because of poor quality of the audio recording was 

engineering.  
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Summer 2020 

Initial sampling of participants in Summer 2020 was based on the distribution of declared majors 

for all students in each course versus the volunteers only. Majors were not condensed into further 

categories and were left as reported on the class roster because the total enrollments for GCL1 

and GCL2 (n = 204) and number of volunteers (n = 64) were small. The target majors chosen for 

sampling were human biology (nGCL1 = 2, nGCL2 = 2), mechanical engineering (nGCL1 = 2), 

neuroscience (nGCL1 = 1, nGCL2 = 2), kinesiology (nGCL2 = 1), animal science (nGCL1 = 1), 

psychology (nGCL1 = 1), computer science (nGCL1 = 2), and chemistry (nGCL2 = 2). Fewer 

participants were interviewed than planned due to time constraints and lack of follow-up from 

volunteers. The final sampling of majors was human biology (nGCL1 = 3, nGCL2 = 2), mechanical 

engineering (nGCL1 = 2), neuroscience (nGCL2 = 1), computer science (nGCL1 = 3), and chemistry 

(nGCL2 = 1).  

Fall 2020 

Coding of participants’ career goals in prior semesters informed the sorting of volunteer’s majors 

in Fall 2020. Majors were grouped as follows: health-based majors (e.g., human biology, 

kinesiology, physiology, and nursing), biological sciences (e.g., neuroscience, microbiology, and 

biochemistry), and engineering. To further diversify the sample and experiences being 

represented in this study, class standing was used as an additional characteristic when selecting 

participants. Taking into account course, major, and class standing yielded a target sample of 7 

freshman participants in health-based majors (nGCL1 = 4) and engineering (nGCL1 = 3), 9 

sophomore participants in health-based majors (nGCL1 = 2, nGCL2 = 4) and biological sciences 

(nGCL2 = 2) and engineering (n = 1), and 4 juniors in health-based majors (nGCL2 = 3) and 

biological sciences (nGCL2 = 1). Seniors were excluded from selection based on the belief that 

students of this class standing were taking the courses out of sequence and may have the 

perception that the class is not a priority. The final sample included 7 freshman participants in 

health-based majors (n = 3) and engineering (n = 4), 8 sophomore participants in health-based 

majors (n = 5), biological sciences (n = 2), and engineering (n = 1), and 3 junior participants in 

health-based majors (n = 2) and biological sciences (n = 1).  
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Table 4.5. Interview response rates. 

Semester  Course  

# of 

Students 

Invited  

(n) 

# of Students 

Who 

Volunteered 

(n) 

Response 

Rate  

(%) 

# of Students 

Who 

Participated 

in Interviews 

(n) 

Final Sample 

Size (n) 

Sp20 GCL1 1075 147 14 10 9* 

GCL2 594 108 18 14 14 

Su20 GCL1 131 37 28 8 8 

GCL2 73 27 37 4 4 

Fa20 GCL1 1442 365 25 10 10 

GCL2 458 97 21 8 8 

 Total 3772 781 21 54 53 

*One participant was removed post data collection because the poor audio quality of the interview recording made 

transcription of a significant portion of the interview impossible.  
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A.IV.4. Independent Samples t-tests 

Composite SAT scores were used to determine if the interview sample was significantly different 

from the course population. This variable was chosen for testing differences because freshman 

and cumulative college GPAs show correlation with SAT scores (Bridgeman et al., 2008; 

Westrick et al., 2019). Students who participate in extra credit assignments, such as interviews or 

surveys, may be higher achieving students, and we aimed to avoid this potential selection bias. 

To test if the interview participants had different mean SAT scores from the overall course 

population, independent samples t-tests were run for each semester after confirming a normal 

distribution of scores for interview participants and the course population. Alpha levels of 0.05 

were used to determine significance for all tests reported below.  

Using the Shapiro-Wilk test for normality, the distribution of scores for the sample and 

population were assessed to initially determine if the assumption of normality was met for the 

two samples (Table 4.6).  Although the course population for Sp20 and Fa20 failed the test for 

normality (p < 0.05), sample sizes greater than 30 follow the central limit theorem allowing for 

normality to be assumed (Ghasemi & Zahediasl, 2012; Lumley et al., 2002).  

Table 4.6. Shapiro-Wilk test for normality by semester. 

Semester Sample 

Sample Size  

(n) 

Shapiro-Wilk 

Test Value  

(W) 

Significance  

(p-value) 

Sp20 Interview Participants 23 0.975 0.807 

Course Population 1582* 0.997 0.006 

Su20 Interview Participants 11* 0.932 0.429 

 Course Population 155* 0.988 0.199 

Fa20 Interview Participants 18 0.931 0.206 

 Course Population 1788* 0.998 0.007 

*Not all students in the sample had SATX scores on file. These missing values were not included in testing. 

With the assumption for normality being satisfied for both the interview sample and 

course population, independent samples t-tests were run (Table 4.7). Levene’s test was first used 

to assess if equal variances could be assumed, ultimately determining the appropriate t-test 

statistic to use in analysis. Equal variances could be assumed for Su20 allowing for use of the 

equal variance t-test, while this assumption failed for Sp20 and Fa20 semesters requiring use of 

an unequal variance t-test. To avoid Type 1 errors from occurring due to multiple testing, that 

includes the outcomes of these tests and additional statistical analyses that will be explored later 
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on in this data set, Benjamini-Hochberg adjustment of p-values was performed (Benjamini & 

Hochberg, 1995). Type 1 errors incorrectly identify significance when there is no true 

significance present (Liu, 2022). Independent samples t-test results returned no significant 

differences between mean SAT scores in the interview samples and the course populations for all 

semesters.   

Table 4.7. Independent samples t-test results by semester. 

Semester Sample 

Sample 

Size (n) 

Mean 

SAT 

Score 

Levene’s Test 

Independent Samples 

t-test Test  

Value Significance Value 
Significance 

(p-value) 

Sp20 Interview 

Participants 

23 1279.13 3.989 0.046 1.744 0.640 

Course 

Population 

1582* 1217.29 

Su20 

  

Interview 

Participants 

11* 1279.09 1.685 0.196 1.530 0.640 

Course 

Population 

155* 1218.00 

Fa20 Interview 

Participants 

18 1182.22 5.570 0.018 -0.838 0.686 

Course 

Population 

1788* 1215.68 

*Not all students in the sample had SATX scores on file. These missing values were not included in testing. †First-

generation student status was defined as students being first generation in which neither parent (or guardian) has a 

four-year degree or continuing generation in which either one or both parents (or guardians) have obtained a four-

year degree. 
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A.IV.5. Participant Demographics  

Table 4.8. Interview participant demographics reported as number of participants, n (%). 

Demographic  

Semester 

SS20 

(n = 23) 

US20 

(n = 12) 

FS20 

(n = 18) 

Total 

(n = 53) 

Course  

GCL1 9 (39) 8 (67) 10 (56) 27 (51) 

GCL2 14 (61) 4 (33) 8 (44) 26 (49) 

Legal Sex 

Female 13 (56) 6 (50)* 11 (61) 30 (57)* 

Male 10 (44) 5 (42)* 7 (39) 22 (42)* 

First Generation Status 

First Generation 5 (22) 2 (17)* 3 (17) 10 (19)* 

Continuing Generation  18 (78) 9 (75)* 15 (83) 42 (79)* 

Class Standing  

Freshman and Sophomore  

(< 56 credits earned) 

19 (83) 6 (54)* 14 (78) 39 (75)* 

Junior and Senior 

(56 or more credits earned) 

4 (17) 5 (46)* 4 (22) 13 (25)* 

Age Ranges 

18-20 22 (96) 10 (91)* 18 (100) 50 (96)* 

21-23 1 (4) 1 (9)* 0 (0) 2 (4)* 

Mean 18.8 19.3* 18.7 18.9* 

 *One US20 participant had no demographic data on file with the Registrar’s Office.  
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A.IV.6. Interview Protocol Version 1 (Spring Semester 2020)  

Greeting statement. Thank you for taking the time to meet with me today.  

Background statement. Today I am going to ask you questions about your career plans and the 

skills that you think are needed to be effective in your planned career. I will also ask you 

questions about your experiences in your general chemistry laboratory course(s), general 

chemistry laboratory 1 and/or general chemistry laboratory 2.    

This interview will be audio-recorded so that I have an accurate record of what you say. 

This interview is not a test. There are no right or wrong responses. I am interested in your ideas. 

The more you explain what you are thinking, the more helpful this interview will be to this 

research and improving the general chemistry laboratory courses for future students. Your 

participation in this interview will have no impact on your grade in your current general 

chemistry laboratory course, and your lab instructor will not know that you have participated in 

this interview. Your responses will be treated confidentially and will never be associated with 

you.  

If at any time, you do not want to answer a question, you may skip the question. You may 

stop participating in this interview at any time.  

During the interview, I may wait to make sure that you have had adequate time to think 

about and respond to a question and that you have finished responding. I may ask follow-up 

questions that ask you to elaborate to make sure that I understand what you are saying.  

 

Opening questions. Future career, prior experiences, skills needed (not-prompted), and 

opportunities for development 

1. What is your major/ minor? What attracted you to this major?  

2. What career do you plan to pursue after graduation?  

3. Tell me about what you expect to do in this career?  

• Alternative Phrasing & Possible Follow up Questions: What does a typical day in this 

career look like? Have you had an internship/ shadow opportunity for said career? What 

do you think this job will be about? 

4. What skills do you think you will need to be effective in this career?  

5. Follow up: Why are these skills important? How are they used in this career?  

6. Do you feel you have the qualities of [skill]? How do you feel you are at [skill]?  
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7. Have you had any experiences in your college career or college coursework that contribute to 

developing [skill]? 

8. Have you had experiences in your general chemistry laboratory course(s) that you think will 

prepare you for your future career? Please elaborate.  

9. How do your experiences in general chemistry laboratory 1 and/or general chemistry 

laboratory 2 help you gain the [skills/qualities they mentioned]?  

• Follow up: Were there any projects in particular that helped you gain these skills? How 

did those projects/ tasks help you gain those skills?  

Continue questions 7-8 for each skill participant listed.  

Break. Before continuing questioning, take this time to ask students if they want 

to add anything to their previous responses.  

Resumption of questioning. Continuation of skills needed (prompted), 

opportunities for development in general chemistry laboratory course, impact of 

emergency remote instruction, and miscellaneous closing questions  

Provide students with a visual aid containing list of 15 professional skills (Figure 

4.4) and continue with line of questioning below. 

 

Statement to introduce list. Here is a list of 16 Essential Health and Science skills that 

employers look for in future college graduates.  

10. Which ones do you believe are needed for you future career and how?  

11. From this list, can you talk about any specific skills and/or instances that general chemistry 

laboratory 1/general chemistry laboratory 2 helped you gain that particular skill or set of 

skills?  

12. Have you learned anything from your experiences in general chemistry laboratory 1 and/or 

general chemistry laboratory 2 about your strengths and/or weaknesses?  

13. Are there any skills that you personally would like to work on developing as you prepare for 

your career?  

14. In closing, how did moving from an in-person lab course to an online lab course affect your 

ability to build these skills?  

 

Closing statement. Thank you so much for this really interesting conversation/all of your 
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thoughts. Would you like to add anything else on the subject?  

Thanks again.  

Close.  
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A.IV.7. Interview Protocol Version 2 (Summer Semester 2020)  

Greeting statement. Thank you for taking the time to meet with me today.  

Background statement. Today I am going to ask you questions about your career plans and the 

skills that you think are needed to be effective in your planned career. I will also ask you 

questions about your experiences in your general chemistry laboratory course(s), general 

chemistry laboratory 1 and/or general chemistry laboratory 2.  

This interview will be audio-recorded so that I have an accurate record of what you say.  

This interview is not a test. There are no right or wrong responses. I am interested in your 

ideas. The more you explain what you are thinking, the more helpful this interview will be to this 

research and improving the general chemistry laboratory courses for future students. Your 

participation in this interview will have no impact on your grade in your current general 

chemistry laboratory course, and your lab instructor will not know that you have participated in 

this interview. Your responses will be treated confidentially and will never be associated with 

you.  

If at any time, you do not want to answer a question, you may skip the question. You may 

stop participating in this interview at any time.  

During the interview, I may wait to make sure that you have had adequate time to think 

about and respond to a question and that you have finished responding. I may ask follow-up 

questions that ask you to elaborate to make sure that I understand what you are saying.  

[Make sure student has pen/pencil and paper ready!]  

 

Opening questions. Future career, prior experiences, skills needed (not-prompted), and 

opportunities for development 

1. What is your major? What is your minor? 

• What attracted you to this major/minor? 

2. What career do you plan to pursue after graduation?  

3. Tell me about what you expect to do in this career?  

• Alternative Phrasing: What does a typical day in this career look like? What do you think 

this job will be about? 

4. Have you had an internship/shadowing opportunity for [career]?  
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5. I would like you to write down skills you think you will need to be effective in this career.  

6. What is the first skill that you wrote down?  

a. How will [skill] be used in [this career]? 

b. Allow student to mention each skill individually, and inquire about each skill individually 

so that student can talk through them.  

c. What is your personal experience with [skill mentioned] (in any context)?  

d. Have you had any experiences in your college career that contributed to developing 

[skill]? (Mention one by one, and let them talk through each skill.)  

e. Have you had any experiences in your general chemistry lab course(s) that relate to [skill 

in list]?  

f. How do your experiences in general chemistry laboratory 1 and/or general chemistry 

laboratory 2 help you gain [skill mentioned]?  

g. Were there any projects, in particular, that helped you gain these skills? How did those 

projects/tasks help you gain those skills?  

h. Repeat questions a-g for each skill that participant listed.  

7. What influence did your experiences in general chemistry laboratory 1 and/or general 

chemistry laboratory 2 have on skills needed for [future career]?  

 

Break. Before continuing questioning, take this time to ask students if they want to add anything 

to their previous responses.  

 

Resuming questioning. Continuation of skills needed (prompted), opportunities for 

development in general chemistry laboratory course, impact of online instruction, and 

miscellaneous closing questions.  

 

Provide students with visual aid containing list of 15 professional skills (Figure 4.4) and 

continue with line of questioning below.  

Statement to introduce list Here is a list of 15 Essential Health and Science skills that 

employers look for in future college graduates. I am going to ask you a series of questions about 

this list, and feel free to write down what you are thinking as we go.  
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8. Do you see any skills on here, that you haven’t mentioned previously, that would relate to 

your future career?  

a. How does this [skill] relate to your future career? (Repeat this question for each skill 

mentioned.) 

9. Do you see any skills on here that you have not mentioned previously that would relate to 

your experience in general chemistry laboratory 1 and/or general chemistry laboratory 2?  

a. Which ones?  

b. How?  

c. Any specific instances?  

d. Provide an example if participant needs help.  

• For questions a and b, allow participants to talk through each skill individually.  

10. Throughout the course, did you recognize any personal strengths? Ask for specific 

experiences as a follow up.  

11. Did you recognize any personal weaknesses? Ask for specific experiences as a follow up.  

12. Are there any skills that you personally would like to work on developing in your general 

chemistry laboratory course?  

13. Additionally, what skills do you feel the course is lacking, that you would like a chance to 

build on?  

• Follow-up: Do you have any suggestions for how this skill could be integrated into the 

course? (This is putting students on the spot, and as such, it is totally okay to skip).  

14. How did moving from an in-person lab course to an online lab course affect your ability to 

build [skills]? Can talk about skills individually here as well. 

15. Have you had any additional experiences, outside of coursework, that impacted your skill 

development? Can mention extracurricular activities, job, etc. here.  

 

Closing statement. Thank you so much for this really interesting conversation/all of your 

thoughts. Would you like to add anything else on the subject?  

Thank you again, and would you be able to send either a screenshot or scanned copy of the notes 

you had taken during this interview?  
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Close.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 136 

A.IV.8. Interview Protocol Version 3 (Fall Semester 2020)  

Greeting statement. Hello! Thank you for taking the time to meet with me today.  

Background statement. Today I am going to ask you questions about your career plans and the 

skills that you think are needed to be effective in your planned career. I will also ask you 

questions about your experiences in your general chemistry laboratory course(s), general 

chemistry laboratory 1 and/or general chemistry laboratory 2.  

This interview will be audio-recorded so that I have an accurate record of what you say. 

This interview is not a test. There are no right or wrong responses. I am interested in your ideas. 

The more you explain what you are thinking, the more helpful this interview will be to this 

research and improving the general chemistry laboratory courses for future students. Your 

participation in this interview will have no impact on your grade in your current general 

chemistry laboratory course, and your lab instructor will not know that you have participated in 

this interview. Your responses will be treated confidentially and will never be associated with 

you.  

If at any time, you do not want to answer a question, you may skip the question. You may 

stop participating in this interview at any time.  

During the interview, I may wait to make sure that you have had adequate time to think 

about and respond to a question and that you have finished responding. I may ask follow-up 

questions that ask you to elaborate to make sure that I understand what you are saying.  

Remember. Ask student to have a piece of paper to jot things down and then collect after 

interview.  

 

Opening questions. Future career, prior experiences, skills needed (not-prompted), and 

opportunities for development. 

1. What is your major? What is your minor? 

• What attracted you to this major/minor? 

2. What is your career goal following graduation from MSU? 

• Alternative Phrasing: What are your future goals after you finish your undergraduate 

career at MSU?  

3. Tell me about what you expect to do in this career?  
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• Alternative Phrasing: What does a typical day in this career look like? What do you think 

this job will be about? 

4. Have you had an internship/shadowing opportunity or prior work experience related to your 

planned career?  

5. Can you list some skills off the top of your head that you would need to be successful in 

[career]?  

6. How would that skill be used in [career]? 

7. What is your personal experience with [skill]? 

8. Did you have any experiences in your gen chem lab course that relate to [skill]?  

Repeat questions 6-8 for each skill that participant listed. 

Break. Before continuing questioning, take this time to ask students if they want 

to add anything to their previous responses.  

Resuming questioning. Continuation of skills needed (prompted), opportunities 

for development in general chemistry laboratory course, impact of online 

instruction, and miscellaneous closing questions 

Provide students with visual aid containing list of 6 professional skills (Figure 

4.5) and continue with line of questioning below.  

 

Statement to introduce list. Here is a list of skills that employers look for in future college 

graduates. I am going to ask you a series of questions based on this list. Feel free to write down 

what you are thinking as we go.  

To start, looking at these skills in general, what do these skills mean to you? How would you 

define these skills?  

9. Do you see any skills on here, that you haven’t mentioned previously, that would relate to 

your future career?   

10. Do you see any skills on here that you have not mentioned previously that would relate to 

your experience in general chemistry laboratory 1/general chemistry laboratory 2?  

11. Are there any skills that you personally would like to work on developing in your gen chem 

course?  
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12. Have you had any additional experiences, outside of coursework, that have helped you build 

any of these skills?  

13. Do you believe that these skills are valuable/beneficial to you? 

14. Do you believe these skills would be helpful or useful in other careers?  

15. Did moving from an in-person lab course to an online lab course affect your ability to build 

[skills]? How so?  

16. In general, what has your experience been attending classes online? 

 

Closing statement. Thank you! Would you be able to send either a screenshot or scanned copy 

of the notes you had taken during this interview?  

Close.  
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A.IV.9. Visual Aids  

During the second half of the interview, students were shown a visual aid displaying 

skills that employers desire in new hires with science degrees to frame further discussion of the 

skills that participants perceived as relevant to their planned career and developed in their 

general chemistry laboratory course. The intent was to elicit discussion of skills that students 

may not have considered without prompting as well as further discussion of skills mentioned 

during the first half of the interview. In the study design, we were interested in seeing which 

skills students mentioned without prompting and if their focus shifted after a list of skills was 

provided. However, in reporting the data from this study, skills discussed with and without 

prompting are not distinguished. 

Visual Aid 1 (Figure 4.4, located on page 138) was provided during Sp20 and Su20 

interviews, while Visual Aid 2 (Figure 4.5, located on page 139) was utilized during Fa20 

interviews. Visual Aid 1 was based on the 16 Essential Health and Science Skill Sets (A.10) with 

exclusion of Balancing Work/Life because it is not a skill that could reasonably be expected to 

be developed within a course. This skill was excluded due to the belief that students may feel 

overwhelmed and not perceive a fair work/life balance during their college career. As the study 

progressed, the list of 15 skills was further condensed into 6 skills for Fa20 participants based on 

the preliminary analysis of interview and survey data from Sp20 and Su20.  

 

 

Figure 4.4. Visual aid used in Spring 2020 and Summer 2020 interviews. 
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Figure 4.5. Visual aid used in Fall 2020 interviews. 
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A.IV.10. 16 Essential Health and Science Skill Sets  

The 16 Essential Health and Science Skill Sets was developed by asking employers who 

interview students from Michigan State University’s College of Natural Science about the skills 

they look for in potential hires (Telfor, 2017). This skill set, with associated definitions, were 

used in development of surveys (not reported in this paper) and also framed the initial analysis of 

interview data. Skills are listed below with definitions from the original document.  

• Acquiring Knowledge: Absorbing concepts and facts in formal and informal situations. 

Accessing sources of information and testing their validity. Connecting related ideas. 

Balancing broad-based learning with a capacity for specialization in a given subject. 

Maintaining an active, inquisitive mind. 

• Balancing Work/Life: Giving time to each of the important dimensions of life: work, 

family, personal interests, community, spiritual. Remaining flexible when one or more 

dimensions need extra attention. Paying attention to personal needs and showing 

sensitivity to the balance needs of others. Realizing the interconnected nature of all 

dimensions.  

• Communicating Effectively: Tailoring messages to a specific audience. Interpreting 

messages accurately. Writing concisely. Speaking clearly. Presenting professionally and 

in a manner that captivates the audience. Listening well. Understanding how to craft a 

persuasive argument.  

• Contributing to a Team: Recognizing and validating the perspectives of team members. 

Identifying individual strengths (yours and others) and harnessing them for the group. 

Building consensus. Knowing when to lead, when to follow. Appreciating group 

dynamics.  

• Developing Professional/Technical Skills: Mastering tools or techniques that improve 

workflow. Knowing the potential and the limits of a technology or method, as well as its 

best application. Acquiring formal training when appropriate; respecting formal 

standards. Continually upgrading skills and keeping abreast of new technologies or 

methods.  

• Embracing Change: Accepting the inevitability of change; recognizing its cyclical and 

sometimes persistent nature. Seeing change as opportunity. Understanding how people 

respond to change; helping others move forward.  

• Managing Time & Priorities: Breaking large assignments into manageable tasks; 

organizing action steps in a logical sequence. Separating essential from non-essential, 

urgent from trivial, with regard to stakeholder interests. Developing plans; imposing 

structure when necessary. Staying on task; restricting distractions. Adjusting to continual 

changes.  
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• Navigating Across Boundaries: Comprehending the relationship between the parts and 

the whole. Recognizing common interests. Respecting norms and values of other 

domains. Acknowledging “turf” but not being deterred by it. Adjusting quickly to new 

environments.  

• Performing with Integrity: Acting consistently. Keeping one’s word. Following through. 

Operating from a code of ethics. Making principled decisions. Treating others fairly. 

Behaving in a “transparent” manner. Accepting responsibilities and admitting mistakes.  

• Solving Problems: Defining contexts. Gathering information from reliable sources. 

Viewing from multiple perspectives. Developing and testing hypotheses. Approaching 

with a win-win orientation. Collaborating. Envisioning resolution.  

• Thinking Critically: Sifting through mounds of data to identify pertinent elements; sorting 

data by relevance. Applying qualitative or quantitative measures to detect trends. Making 

sense of disparate or conflicting information. Recognizing assumptions inherent in 

analysis.  

• Working in a Diverse Environment: Valuing others. Embracing difference; regarding 

group diversity as a strength. Understanding one’s own identity development. Admitting 

and eradicating personal biases. Demonstrating commitment to diversity through 

supportive actions.  

• Self-motivation: Showing initiative to undertake a task or activity without another’s 

directive or supervision. Motivated to do or achieve something because of one's own 

enthusiasm or interest, without needing pressure from others.  

• Enthusiasm/Commitment: A strong internal feeling, motivation or desire which often 

results in goal and action specific behavior. Absorbing or controlling possession of the 

mind by any interest or pursuit; lively interest. 

• Empathy: The fact or power of sharing the feelings of another, compassion, or 

commiseration. An ability to recognize and describe another individual’s perspective 

accurately. Demonstrating the ability to actively listen and understand the experience of 

another.  

• Curiosity: The desire to learn or know about anything or something in particular; 

inquisitiveness.  
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A.IV.11. Qualitative Coding of Skills Needed for Future Career Goal 

Interview participants discussed a wide range of skills. These skills were identified in interview 

transcripts during the initial phase of inductive coding. Thematically related skills were first 

grouped into what became subcategories (e.g., Social & People Skills), which are shown in 

italics in the coding scheme found below, followed by grouping related subcategories into seven 

overarching skill sets (e.g., Interpersonal Skills) highlighted in bold. Within each subcategory, 

examples of specific skills are provided. During coding, more than one skill could be applied to 

an interview segment depending on how a participant talked about skills. For example, “[...] I 

had one more, it was [...] willing to learn, and [...] open mindedness [...]” was coded for both 

Intrapersonal Skills: Personality & Character Traits skill of “open mindedness” and 

Education & Learning Skills: Learning Skills & Strategies skill of “willingness to learn”.  

Coding Scheme - Skills Needed for Career 

1. Interpersonal Skills: 

• Teamwork & Collaboration: includes working well with others, being cooperative, 

team building and organizing a team, listening to others and taking others’ ideas and 

perspectives into consideration, contributing to a team. 

• Communication Skills: includes verbal communication (public speaking and 

presenting), written communication (e.g., writing research papers and reports), 

communicating effectively. 

• Social & People Skills: includes being reliable, working with others in a non-

collaborative way (e.g., working with patients), being charismatic and persuasive, 

being friendly, kind, and respectful, being caring, showing compassion and empathy. 

• Miscellaneous Interpersonal Skills:  

o Leadership Skills: overseeing decisions, guiding people in a group, making 

sure group is working cohesively and on track, taking initiative, delegating 

tasks. 

o Networking Skills: utilizing outside experts to answer a question and receive 

guidance.  

o General Interpersonal Skills: includes mentioning the need for interpersonal 

skills with no specific subskill listed.  

2. Intrapersonal Skills: 

• Work Ethic: includes dedication, drive, determination, self-motivation, persistence, 

and perseverance (ability to work under pressure), focus and concentration, being 

responsible and accountable, performing with integrity.  



 144 

• Personality & Character Traits: includes confidence, being outgoing, calm, patient, 

serious, tough, brave, being a self-advocate, being independent/showing 

independence (ability to work independently & isolate), being open-minded, being 

humble, flexible and adaptable (being versatile, managing challenges and adapting 

accordingly, embracing change). 

• Miscellaneous Intrapersonal Skills: enthusiasm, commitment. This miscellaneous 

category of intrapersonal skills stems from enthusiasm/commitment being present in 

the list provided to students and being considered to fit in both subcategories of work 

ethic and personality traits.   

3. Occupation-specific Knowledge & Skills:  

• Technical Skills:  

o Lab Skills & Techniques: includes experience with laboratory tools.  

o Technological/Computer Skills: includes computer science knowledge and 

skills, computer modeling (3D models and simulations), coding knowledge & 

skills (coding software & programs and programming skills). 

o Hands-on Skills: includes hand-eye coordination when working with tools. 

o Professional/Technical Skills (from the 16 Essential Health & Science Skill 

Set) 

o Field-specific Knowledge:  

▪ Medical Knowledge: includes ability to treat and diagnose patients, 

ability and knowledge to perform surgeries and medical procedures, 

knowledge of administering and prescribing medicine, drugs and drug 

side effects (e.g., knowing how drugs work and react within the body), 

conceptual medical knowledge, having a background in medical 

specialties, dentistry knowledge. 

▪ Business Knowledge: includes business management, economics (e.g., 

microeconomics). 

▪ Psychology Knowledge: includes psychoanalysis. 

▪ Science, Engineering, and Mathematics Knowledge: 

▪ Mathematics: includes algorithms, logic-based mathematics.  

▪ Science:  

• General Scientific Knowledge & Skills: includes understanding 

of scientific concepts and principles, scientific method. 

• Life Sciences: includes genetics and genomics. 

• Physical Sciences: includes physics (e.g., heat transfer), 

chemistry. 

o Miscellaneous Occupation-specific Skills:  
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▪ Exposure to Field & Hands-on Experience: includes internship, 

research & lab experiences, training in profession.  

▪ Professionalism: this skill was not expanded upon by participants and 

facilitated the use of a definition generated from literature sources to 

support categorization. Professionalism within this study is defined by 

how to conduct oneself within the workforce, dependent upon the 

context of the profession and work environment (Cao et al., 2023; 

Guraya et al., 2023; Manion, 2001; Whelan, 2008).  

4. Problem-solving & Critical Thinking:  

• Creativity & Innovation: generating new ideas, being able to approach problems in 

different ways.  

• Analytical Skills: data analysis, working with data, assessing a problem and providing 

a solution based on the information provided (e.g., diagnosing a patient).   

5. Prioritization & Time Management:  

• Scheduling & Preparation: includes planning skills, time dedicated for studying, 

courses, and research). 

• Efficiently Using Time 

• Multi-tasking 

• Meeting Deadlines  

• Organization Skills  

• Punctuality 

• Managing Priorities 

6. Education & Learning Skills: 

• Education & Credentials: including acquiring knowledge (e.g., gaining general 

and/or basic knowledge & understanding that is not explicitly related back to 

discipline specific knowledge). 

• Learning Skills & Strategies: includes curiosity and willingness to learn, 

willingness to fail and learn from mistakes. 

7. Other Skills: 

• Decision-making Skills: includes ability to make decisions, fast and quick 

thinking (e.g., thinking on your feet), good judgement. 

• Attention to Detail & Observation Skills 

• Navigating Across Boundaries  

• Working in Diverse Environments 
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A.IV.12. Skills Needed Perceived as Needed Without Prompting and Career Goal 

Capturing data with enough detail, while also maintaining a thematic framework was a delicate 

process when dealing with these data. While condensing a coding scheme can result in a loss of 

diverse responses, it was our aim to continue to capture more descriptive themes present within 

these data. To do this, skill sets were unpacked and displayed in Figures 4.6 - 4.7. Within these 

figures interpersonal, occupation-specific, and intrapersonal skills were disaggregated into 

further subcategories due to the prevalence of these categories being mentioned throughout 

interviews. Problem-solving & critical thinking, priority & time management, and other skill sets 

remained intact due to their subcategories only being mentioned by relatively small numbers of 

participants. Additionally, these figures show the skills that participants mentioned as relevant to 

their planned careers without prompting and are further disaggregated by career goal (health & 

medical professions, engineering & subspecialties, and other careers)(Figure 4.6) and prior 

experience (has/has not had internship/ shadowing/work opportunities)(Figure 4.7). Those who 

were not asked to elaborate on whether they had in-field experiences were not included in this 

analysis, resulting in n = 48 participants. Accompanying these figures are related tables 

displaying statistical outcomes of testing for comparisons of each individual skill (Table 4.9 and 

Table 4.10). All statistical methods employed are detailed in Chapter VI. Prevalent findings are 

discussed within the main chapter. All corresponding tables and figures can be found on pages 

147 - 149. 
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Figure 4.6. Skills mentioned pre-prompting by career goal (n = 53)(%). 

Table 4.9. Chi-square test values and significance for skills mentioned pre-prompting by career 

goal (n = 53). 

Student-perceived Competency (SPC) Chi-square Test Value Significance 

Communication Skills 0.333 1.000 

Teamwork Skills 3.135 0.684 

Social & People Skills 10.242 0.105 

Miscellaneous Interpersonal Skills  2.945 0.684 

Personality & Character Traits  1.617 0.750 

Work Ethic Skills 0.806 1.000 

Problem-solving & Critical Thinking 2.900 0.684 

Prioritization & Time Management 0.497 1.000 

Field-specific Knowledge 1.157 0.964 

Technical Skills 3.787 0.661 

Miscellaneous Occupation-specific Skills  2.541 0.684 

Education & Learning Skills 1.008 1.000 

Other Skills  1.864 0.686 
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Figure 4.7. Student-perceived competencies mentioned pre-prompting by whether participant 

had hands-on prior experiences in field (%). 
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Table 4.10. Chi-square test values and significance for skills mentioned pre-prompting by prior 

experience (n = 48). 

Student-perceived Competency (SPC) Chi-square Test Value Significance 

Communication Skills 0.614 0.686 

Teamwork Skills 0.614 0.686 

Social & People Skills 1.185 0.684 

Miscellaneous Interpersonal Skills  — 0.964 

Personality & Character Traits  0.939 0.684 

Work Ethic Skills — 1.000 

Problem-solving & Critical Thinking 0.939 0.684 

Prioritization & Time Management 0.011 1.000 

Field-specific Knowledge 1.296 0.684 

Technical Skills 0.058 1.000 

Miscellaneous 

Occupation-specific Skills  

 

— 

1.000 

Education & Learning Skills — 0.578 

Other Skills  — 1.000 

* Test values denoted with an em dash (—) reference comparisons in which cells in the contingency table had values 

less than 5, facilitating the need to use the Fisher Exact Test resulting in no chi-square test values, only significance 

being reported.  
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A.IV.13. Ranking of six employer-desired competencies by Fa20 interview participants.  

a. 

 

b. 

 

c. 

 

d. 

 

e. 

 

f. 

 

Figure 4.8. Fa20 interview participant ranking of employer-desired competencies (n = 14)(n). 

Skills corresponding to rankings - a. Communication skills (median = 3), b. Teamwork skills 

(median = 2), c. Problem Solving & Critical Thinking Skills (median = 3), d. Priority & Time 

Management (median = 3), e. Self-motivation (median = 3), and f. Technical Skills (median = 5). 

One participant did not assign a ranking to self-motivation or technical skills, resulting in a total 

of n = 13 participants for these skills. Percentages regarding these skills are calculated using this 

value. 
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A.IV.14. Comparison of skills recognized as important for planned career with and without 

prompting. 

Table 4.11. Comparison of the top six SPCs as being recognized pre- or post-prompting (n). 

Student-perceived 

Competency (SPC) 

Recognized  

Not-prompted 

Additional Participants 

Who Recognized 

Prompted Total 

Communication Skills 23 21 44 

Teamwork Skills 29 17 46 

Work Ethic Skills  11 35 46 

Problem-solving & Critical 

Thinking 

19 29 48 

Prioritization & Time 

Management  

17 25 42 

Technical Skills 10 26 36 
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A.IV.15. Student perceptions of how skills are developed and why the course may not have 

contributed to perceived development. 

In addition to exploring instances in which the courses supported development, participants who 

definitively expressed that the courses lacked opportunities for development of the top six SPCs 

were analyzed to determine both explicit and implicit reasons behind why this could have been 

the case. As technical skills were explored in the main chapter, the skills investigated here will 

include communication skills, teamwork skills, work ethic, problem-solving & critical thinking, 

and prioritization & time management. Notable examples given by students were like those 

regarding technical skills – learning is seen as being context dependent. The context that students 

often spoke of included skill development being dependent upon the course and the individual. 

These themes, and others, will be explored below.  

When looking into how students spoke of skill development for those that were not 

related to the course, they often spoke of how these skills were only perceived to be developed in 

certain environments or when situations arose. One area that students spoke of was the 

importance of the type of course in which skills were developed seen in communication skills, 

teamwork skills, work ethic, problem-solving & critical thinking and prioritization & time 

management, with quotes from River and Aspen as examples.  

Ah, not really too much. No, it's kind of just been like going to classes have a 

lot of science classes, so you don't really have a lot of opportunities, so. (River, 

Communication Skills) 

[. . .] I'd say, one maybe not as much would be problem-solving and critical 

thinking, I'd say I'd learn more of that in lectures as opposed to the labs [. . .] 

(Aspen, Problem-solving & Critical Thinking) 

Another theme that relied on the situational and contextual component to learning SPCs 

was that development was dependent upon the individual and can be influenced by the presence 

of motivators or personal values. This was primarily seen for those speaking of work ethic skills 

but was also present in problem-solving & critical thinking and prioritization & time 

management skills.  
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I feel like self-motivation, not always getting the answers can motivate 

someone to, like not being given everything that they need can motivate them 

to want to figure it out. But no, I don't really think that they can be fully taught 

in a classroom. I feel like the student has to come in with some of those and 

they can grow on it in a classroom but not really be taught it. (Indy, Work 

Ethic) 

[. . .] So, when it comes down to time managing and priorities and mainly 

priorities because look, maybe on the top of my priority list may not be on top 

of the next person’s priority list. [. . .] So, yeah, I just feel like it just depends 

on the person.” (Oak, Prioritization & Time Management) 

An additional aspect as seen in Indy’s quote above, and implied in Kyles statement 

below, is that although these work ethic and problem-solving & critical thinking skills can be 

learned, they are not encouraged in a classroom environment. 

[. . .] So, yeah, most of my courses are like just math, computer, CSE. So, 

they're really just definite. There's no room for exploration, because they all 

have their certain formula, certain guidelines that you always have to follow [. 

. .] (Kyle, Problem-solving & Critical Thinking)  

In the case of problem-solving & critical thinking, one participant also spoke of how it 

was learned doing something new or challenging in addition to be dependent upon the course, 

and found that because they had already engaged in aspects found in the chemistry labs that there 

was no opportunities for growth.   

[. . .] So ,I studied chemistry [. . .] so, I do have some knowledge about all 

these chemistry things before. So, it's pretty obvious for me to, you know, to 

do those experiments, I did titrations in my 11th grade. [. . .] And, you know, I 

had that experience before and having that experience before, you know, I 

think it didn't really, it didn't help me that much. (Shiloh, Problem-solving & 

Critical Thinking) 
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While some found the context of learning to be important, others spoke of skill 

development being encouraged throughout their college career, for prioritization & time 

management and work ethic skills, and skill development not being specific to a certain course.  

I feel like I'm learning managing time and priorities, just as a college student, 

but not very specifically to one class. (Indy, Prioritization & Time 

Management) 

I think [. . .] just thinking in general about determination, I would say, and this 

is kind of sp-, not necessarily specific to those classes or courses. But I would 

say determined to finish a lab report or like, yeah. Like to finish a lab report or 

to complete your portion of some PowerPoint slides or something like that. 

That's like the only thing I can really think of as far as determination. (Reign, 

Work Ethic) 

For some participants who spoke of work ethic skills, these were perceived to be intrinsic 

traits or qualities inherent to a person. This was exemplified by Indy and Oak.  

I feel like self-motivation, empathy, and curiosity are good things to have 

going into the field, but I don't really know learn them from the lab or the 

class, just good personal attributes, I guess, but I don't feel like I learned them 

from the lab. [. . .] I feel like they're things that can be encouraged, but not 

really taught in a classroom setting. Maybe as much, like, I'm trying to think of 

an example. (Indy, Work Ethic) 

Self-motivation. I just think that's a natural occurring one. You have to, you 

have to be motivated to go to college anyway, like it's just something just a 

part of me, I guess you could say. (Oak, Work Ethic) 

Online was a very small component that was perceived to negatively impact skill 

development. One participant had related all skills they had mentioned not-prompted as being 

hindered due to the learning environment being online, with critical thinking being included in 

this. Additionally, n = 2 participants felt that the work ethic skill of self-motivation and drive 

was negatively impacted online. For Billie this was because their online experience and lack of 
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the ability to be in lab carrying out experiments in GCL2, contrasted with their GCL1 

experience, was perceived to be less enjoyable and confusing, leading to a decrease in the work 

ethic skill of drive being applicable to their lab experience. Additionally, Corey felt the work 

ethic skill of self-motivation was harder online, and that in a course such as the lab it was harder 

to “visualize and teach myself.”   

Through the examples provided above it can be observed that there are a variety of 

perceptions that lead to how a student may view skill development as being supported or 

hindered in a learning environment and how important context is in building this perception. 
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A.IV.16. Course Element Codes  

When exploring how participants perceived development of SPCs within the course(s), codes 

were generated to capture participant experiences that were categorized further into themes 

representative of various course elements. The course elements explored in this section will 

pertain to those not expanded upon in the main chapter. Below are tables containing codes 

representative of the course elements and their occurrence (n) in skill development. The primary 

purpose of including these tables is to shed light on experiences that did were mentioned by 

participants but did not constitute an overarching theme and display patterns that were discussed 

in the main chapter as presented in Table 4.12, including codes for skill development that had a 

frequency of n = 1.  

Main codes not previously identified within the main chapter is that of real-world context 

and responsibility over lab drawer. Real-world context was showcased in participant responses 

speaking of how scenarios or the course environment are reminiscent of situations they would 

encounter in the working world (e.g., placing the scenario in the context of working for a 

company and being given a task by management or having to learn to work a group of people in 

which one is unfamiliar with that is symbolic of reality) or how the way in which the course was 

structured (e.g., providing less guidance) put students in the role of a scientist. Having 

responsibility over ones lab drawer was in reference to having to keep track and ensure 

everything was accounted for in ones assigned drawer (e.g., beakers, test tubes, etc).  

The course element identified most frequently by participants as contributing to SPC 

development was the Collaborative Environment. This involved interactions with either a 

participant's team, GTA, or in a rare mention their neighboring teams. The purpose of including 

Table 4.12 is to provide a tabulated general overview of the themes explored within the main 

chapter. Table 4.13 expands on the subcodes associated with the Collaborative Environment 

course element code and provides the frequencies of their association with development of 

specific skills by participants.  

Beyond the collaborative environment, participants mentioned many other aspects of the 

laboratory course(s) that contributed to development of SPCs. This is displayed in Table 4.14, 

that shows the frequencies of subcodes for several other frequently mentioned course element 

codes associated with SPC development: Open Inquiry Learning, Working with Data, 

Conceptual Learning and Application, and Using Course Resources. A subcode not touched 
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upon in the main chapter was that of Data Collection & Record Keeping under the main code of 

Working with Data. This code entailed engaging in the act of collecting data and maintaining a 

record of experimental steps and observations.  Additionally, a breakdown of course activities 

and project scenarios that were reported as supporting development of SPCs can be located in 

Table 4.15 and 4.16 respectively. All corresponding tables can be found on pages 158 – 161.  

A small number of participants spoke of development in the course but offered no further 

commentary on their experience for communication (n = 2), teamwork (n = 3), prioritization & 

time management (n = 1), and work ethic (n = 1).  

Exploring the frequencies displayed below it is clear that many components of the course 

were beneficial in contributing to the perceived development of EDCs as mentioned through 

participant experiences. While some elements of the course were mentioned more often than 

others, the rich display of experiences offers an insight into how perceptions varied across SPCs.  
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Table 4.12. Course elements that contributed to perceived SPC development (expanded)(n). 

 Skill Perceived as Developed in Course(s) 

Course Element that 

Contributed to Perceived 

Development  

Communication 

Skills 

(n = 36) 

Teamwork 

Skills 

(n = 37) 

Problem-

solving & 

Critical 

Thinking 

(n = 40) 

Prioritization 

& Time 

Management 

(n = 26) 

Collaborative Environment  31 35 16 14 

Open Inquiry Learning  6 5 29 2 

Course Activities  11 11 10 12 

Course Projects 6 3 16 2 

Individual Task, Assignment, 

& Project Management  

— — 2 18 

Conveying Information to 

Others  

8 1 3 — 

Real World Context  — 1 2 — 

Conceptual Learning & 

Application  

1 — 13 — 

Working with Data  1 1 10 1 

Using Course Resources  1 1 9 — 

Troubleshooting  — — 8 — 

Reasoning & Sensemaking  — — 6 — 

Persevering Through Course  — — — 3 

Responsibility Over Lab 

Drawer 

— — — 1 

Learned Lab Techniques — — 1 — 

 

Key  

Color  Percentage (%) 

 81 - 100 

 61 - 80 

 41 - 60 

 21 - 40 

 0 - 20  
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Table 4.13. Frequency of subcodes within the Collaborative Learning Environment course 

element category and perceived association with supporting development of specific SPCs (n). 

Course Elements 

within the 

Collaborative 

Environment Subcodes 

Skill Perceived as Developed in Course(s) 

Communication 

Skills 

(n = 36) 

Teamwork 

Skills 

(n = 37) 

Problem-

solving & 

Critical 

Thinking  

(n = 40) 

Prioritization & 

Time 

Management 

(n = 26)  

Communication 

& Collaboration 

with Team 

Delegating & 

Coordinating  

22 25 3 13 

Learning to Work 

with Others & Be a 

Team Player 

14 22 1 6 

Listening & Sharing 

Ideas 

9 8 5 2 

Recognizing 

Importance of 

Communication in 

Teamwork 

13 6 — 1 

Asking Questions & 

For Help 

4 1 3 1 

Building 

Relationships  

3 2 — — 

Solving Problems & 

Finding Solutions as 

a Team 

2 4 8 1 

Learning from 

Others  

2 2 1 — 

General 

Communication & 

Collaboration with 

Team 

5 11 — — 

Communication 

& Collaboration 

with TA 

Asking Questions & 

Receiving Guidance  

5 1 7 2 

General 

Communication & 

Collaboration with 

TA 

1 — — — 

TA Emphasizing/ 

Facilitating 

Teamwork  

— 1 — — 
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Table 4.14. Frequency of subcodes within the Open Inquiry Learning, Working with Data, 

Conceptual Learning & Application, and Using Course Resources course element codes and 

their association with development of problem-solving & critical thinking skills (n). 

Course Element  Subcodes  

Skill Perceived as Developed in 

Course(s) 

Problem-solving & Critical 

Thinking 

(n = 40)  

Open Inquiry 

Learning  

Designing & Planning Experiments 22 

Less Guidance Provided in Course  16 

Investigating Driving Problem & Finding 

Resources  

10 

Finding Solutions to Proposed Problem  3 

Working with Data Data Collection & Record Keeping  1 

Analyzing, Interpreting, & Displaying Data  10 

Conceptual 

Learning & 

Application 

Learning New Concepts & Information 4 

Applying Knowledge  11 

Using Course 

Resources  

Lab Manual 4 

Course Instrument & Tools 3 

Reading Materials Provided in Course 

(General) 

2 

CLUE Textbook 1 

Software & Application Use (e.g., 

LoggerPro) 

1 

Table 4.15. Course activities that contributed to skill development (n). 

 Skill Perceived as Developed in Course(s) 

Activity 

Communication 

Skills 

Teamwork 

Skills 

Problem-

solving & 

Critical 

Thinking 

Prioritization & 

Time Management 

Planning Document 6 5 6 2 

Laboratory 

Notebook 

2 1 1 2 

Presentations 

(Oral/Poster) 

4 5 2 4 

Reports 

(Informal/Formal) 

4 2 2 9 

Quizzes  — — — 1 
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Table 4.16. Project scenarios that contributed to skill development (n). 

 Skill Perceived as Developed in Course(s) 

Course  

Project 

Scenario 

Communication 

Skills 

Teamwork 

Skills 

Problem-

solving & 

Critical 

Thinking 

Prioritization & 

Time 

Management 

GCL1  Volume & 

Temperature of a 

Gas 

1 1 4 — 

Unknown Ionic 

Compound 

— — 2 — 

Food Dye  

Spectroscopy 

3 1 5 — 

Separation of 

Commercial 

Plastics 

— — 4 1 

GCL2 Iodine Clock 

Reaction 

— — 1 — 

Soaps & 

Detergents 

2 1 4 1 

Building a 

Calorimeter 

— — 2 — 

Artificial 

Kidney Stones 

— — — — 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 162 

A.IV.17. Development of Self-motivation & Technical Skills 

Although the percentage of participants who reported development out of the overall percentage 

of participants who said a skill was needed was relatively low for work ethic (41%) and technical 

skills (37%) in comparison to the other top four SPCs reported in the main chapter, the instances 

or experiences in the course that led to development of these skills are further explored here. The 

same coding scheme investigating course elements that contributed to skill development outlined 

A.VI.16 was applied here.  

While no instances of development surrounding these skills were considered major 

themes, shared by 60% or greater of participants who spoke of development, minor themes 

shared by a handful of participants emerged (Table 4.17). These themes are explored below, 

with codes related to development shared by less than 20% or n = 1 participants not being 

investigated further. Development of work ethic skills encompassed four minor themes – 1) 

persevering through various course aspects (e.g., having to wake up and attend the course), 2) 

maintaining integrity in work, 3) independent management of tasks and assignments, and 4) 

collaborating with others. Technical skill development contained five minor themes – 1) using 

course resources (e.g., working with instruments & tools), 2) working with data (e.g., analyzing 

& interpreting data), 3) learning lab techniques, 4) working collaboratively, and 5) development 

sparked by doing something new. These themes and the number of participants associated with 

each are found in Tables 4.18 – 4.19. All corresponding tables can be located on pages 169 – 

171.  

Of the n = 19 participants who mentioned that they developed work ethic skills in the 

general chemistry laboratory courses, n = 1 participant did not offer any specific examples of 

development. Similarly, of the n = 13 participants who spoke of technical skill development in 

the courses, n = 3 did not expand on how skill development related to the course. The perceived 

influence of online learning regarding development of these skills will be explored further in 

Chapter V. Minor themes associated with development of work ethic and technical skills are 

explored below.  

Work Ethic Skill Development 

One of the most prevalent themes that emerged when students spoke of work ethic skill 

development was having to persevere through a variety of general course aspects including - 

having to show up to class and endure a 3-hour course (Onyx),  having to maintain focus while 
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taking a course in which they feel they do not excel at the subject and are not interested in 

(Onyx), having to maintain motivation in a course that is perceived to be hard (Codi), having to 

motivate oneself to participate in order to receive a good grade, and having to remain dedicated 

in order to do well.  

[. . .] But I definitely have to work extra hard in chemistry, I don't know, for 

what reason, I'm not good at it, I just never got interested by it, like everything 

else, so that makes focusing on it even harder. [Later in interview] But the 

being able to go through a three hour lab session where you're just sitting at 

your desk, that requires focus, especially when it's something that you're not 

particularly good at, that requires a lot of focus [. . .] like the course in general, 

just being able to sit, sit and learn about something or try and do something for 

three hours. (Onyx, Work Ethic)  

[. . .] also self-motivation, I do feel like because this is one of like, my, I would 

say, like, one of my harder classes, sometimes I'm just like, "Oh my gosh, I 

just don't want to do it." And kind of like, so I'm, I'm trying to keep at it, like, 

never give up type of things, so I think by the end of it I'll have learned more 

of, of self-motivation towards my own skills. (Codi, Work Ethic) 

Another minor theme that may be seen more as a general aspect attributed to taking 

college courses in general and touched upon by participants relating work ethic skill 

development to the course, was that these skills were developed through making sure they did 

not cheat through using internet resources in place of doing coursework themselves or copying 

another person’s work when completing assignments. Participant thoughts surrounding this 

particular theme was only related to the skill of performing with integrity that was provided on 

the skills list post-prompting. For one participant, they spoke of using their teaching assistant as 

a resource instead of engaging in unethical behavior surrounding performing with integrity. 

Jordan’s response below represents an example of this theme, also touching on how this was 

especially important when taking the course online.  

Here performing with integrity, also, because it is an online class. And you 

know, with an online class, you're exposed to internet all the time, it's kind of 
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important to perform with integrity, because, you know, you have all these 

resources available to you, but you know, that you're not supposed to be using 

other papers or documents for your lab. And because the purpose of the lab is 

to learn for yourself, not like, you know copy someone else's paper for a 9/10 

grade, right. So, integrity is important here. Because it's good for you. Yeah, 

it's really just like, focusing on that, the, what's the word? Like the goal of the 

course. Yeah. So, we, especially with online chem lab, I think it's really 

important. (Jordan, Work Ethic) 

Other secondary themes surrounding components of the course that contributed to 

development of work ethic skills included individual task management, collaboratively working 

with others, and course activities. Having to meet deadlines and maintain motivation to stay on 

track, showing up to class prepared through reading relevant materials prior to coming to class, 

and having to focus completed the goals set for the day (Reign). Jordan spoke of how they had to 

maintain self-motivation in order to complete their assignments, a skill that was heightened in 

addition to taking the course in an online learning environment.  As seen within Onyx’s quote 

below, this theme also corresponded to and was related with specific activities, in particular 

when generating reports. This included mention of formal reports and general lab reports (e.g., 

referring to no specific report in the course) as well.  

Chemistry lab, I think self-motivation stands out to me. Because, you know, 

we're kind of removed from the classroom setting. And with online classes, it's 

really easy to just kind of, you know, let it sit, and then we forget about it. 

Especially with the class that's not synchronous, like, this one is synchronous, 

which is makes it better. But even it's still online, and deadlines are, you know, 

not super strict. So having self-motivation to keep yourself on track and keep 

communicat[ing] with your teammates, and the TAs, is really, really important 

in being successful. (Jordan, Work Ethic) 

Yeah, I think even though back when, back when I was in [GCL1], there was a 

lot of focus going because I knew when I went to the lab, I knew what my lab 
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goal was for the day. So, like I, I kind of had something to focus on, while I 

was physically present in the lab. (Reign, Work Ethic) 

[. . .] focusing on meeting deadlines, the other two things I said, like that's all 

part of it. For example, tonight, I think we have the formal report, conclusion, 

or maybe its results, that we have to do, I think that's the same thing. But those 

have to be done and so that's meeting the deadlines and focusing [. . .] (Onyx, 

Work Ethic) 

An additional course element related to development of work ethic skills was 

collaboration with teammates within in the course. Students spoke of having a responsibility to 

their teammates and having to contribute as encouraging work ethic skills as seen in Bailey’s 

quote below. Bailey also references how the CATME surveys, used to generate student teams, 

aided skill development.   

Yeah, I think it's good. And even the CATME [. . .] surveys are, are good. 

Because if you're not good, in your teams, you will be marked down. So, you 

have to be good. And you have to take responsibility in the working team. 

(Bailey, Work Ethic) 

Additionally, having to delegate and coordinate through checking in with each other and 

dividing responsibilities between teammates helped development of work ethic skills. This can 

be observed in a continuation of Bailey’s quote above, where Bailey continues to elaborate 

below on how having responsibilities to their team included having to divide tasks for each 

project.  

For the planning documents, and the one, the notebook. It's like, we divide the 

work as like, every project, somebody handle something. Like [. . .] for the 

first part I was handling the first two questions or something? And yeah, as this 

and the following projects, I think, yeah, we're dividing the responsibility. And 

we are moving it across the group members. (Bailey, Work Ethic) 

Skylar spoke of how they initially struggled with the first project but through a 

culmination or problem-solving & critical thinking, teamwork, and self-motivation they were 
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able to overcome this. This led to application of the code solving problems & finding solutions as 

a team due to all aspects including teamwork coming together to help them through this initial 

project.  

I think, definitely the first assign- the first project wasn't that hard, and we 

understood it, but and we used like, I think we didn’t understand it at first 

and then we used problem solving and critical thinking to get it. And we 

also use our teamwork skills, and self-motivation. (Skylar, Work Ethic) 

Technical Skill Development 

When speaking of technical skills, the most mentioned course element that contributed to 

development of these skills was through use of course resources, in particular using or learning 

about course instruments and tools. Participants spoke of developing technical skills through 

learning about how to use instruments or equipment and for some students who were able to take 

the course in-person for a portion of the semester (Sp20 participants) this included being able to 

physically work with an instrument. The instrument most mentioned in regard to technical skill 

development was the spectrometer. Stevie offers evidence to support how use of spectrometers in 

the course aided development of these skills.  

I think getting to use this, this professional equipment like the spectrometers 

that was that was pretty cool. Just being able to see how that worked and just 

sort of getting a general idea of the kind of equipment that they use in the 

actual academic scientific world [. . .] (Stevie, Technical Skills)  

Additional course resources aided development of technical skills were software 

applications such as LoggerPro or Microsoft Excel. Students engage with these software when 

collecting and analyzing data. This can be observed through Blake’s statement below.  

Well, I do feel that I am going to need them if I'm going to work as resear- 

research assistant, or a lab assistant. Because the technical skills I learned here, 

it really helped me in a lot of things in how to use Excel Microsoft, which I 

believe will help in any future job I"ll have, or in daily life. So, I do believe 

that technical skills help. (Blake, Technical Skills) 
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Other experiences reported by students to aid technical skill development occurred when 

participants were collecting, analyzing, and interpreting data. Through instances in which 

students used mathematical equations, as well as learning to understand and draw conclusions 

from spectra, technical skills were developed. Interestingly, when one participant was asked how 

they developed professional/technical skills within the course when prompted with a skills list, 

they found that recording observations and taking concise notes within the course helped develop 

this skill. However, this participant also noted that technical skills are specific to the career in 

which they are used, stating that learning laboratory techniques and data analysis specific to the 

chemistry laboratory course are different than determining treatment of patient disorders. This 

finding may be due to the participant separating professional/technical skills into two individual 

skills and viewing record keeping as a “professional” skill they will need that was developed in 

the course versus technical skills such as lab techniques that are not as prevalent to their career. 

This is reflected in Arbor’s statement below.  

[. . .] I feel like clear communication and recording of stuff, I feel like labs 

require you extensively to know your observations, which I think it's gonna be 

really useful, at least in my career choice, like really observe what's going on, 

and take detailed, yet concise notes on them. [. . .] And I think developing 

professional and technical skills is specific to any career. In chemistry, I'm 

learning skills such as how to use all the tools, which are required, to like 

analyze chemicals, which might be slightly different in my career of choice, it's 

just like how to analyze people, or how to treat certain disorders and stuff like 

that. (Arbor, Technical Skills) 

Other students referred to technical skill development in a manner to be expected from a 

general chemistry laboratory course – learning of laboratory techniques. For most of the students 

who reported this, there was not a specific technique referenced, however, one participant spoke 

of learning how to perform a filtration. Indy expresses how the course allowed them to learn 

laboratory skills in general.  

[. . .] And then some of the lab skills I probably need again, like just the actual 

lab techniques of things that we work on in class. (Indy, Technical Skills) 
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Collaborating with others was not related to one group in particular (e.g., a participants 

immediate team or graduate teaching assistant) but embodied being willing to ask questions and 

listen when learning how to use instruments, receiving help from the instructor on how to use 

software such as Excel, and learning technical skills through a process that included working 

with teammates.  

Technical skills were also perceived to be learned through doing something new. By being 

introduced to new materials, instruments, techniques, and exploring new areas that had not yet 

been learned students were able to recognize technical skill development. Sam exemplifies how 

being introduced to something new led to development of technical skills.  

[. . .] being just in [GCL1], I was introduced to a lot of new materials, a lot of 

new equipment that I didn't know about. One of them specifically was the 

spectrometer, which I was like, "What is this?" and how to work it [. . .] (Sam, 

Technical Skills)  
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Table 4.17. Course elements that contributed to perceived work ethic and technical skill 

development (n). 

 

Skill Perceived as Developed in 

Course(s) 

Course Element that Contributed to Perceived 

Development  

Work Ethic 

(n = 19) 

Technical Skills 

(n = 13) 

Collaborative Environment  4  3 

Open Inquiry Learning  1 1 

Course Activities  4 — 

Course Projects 1 — 

Individual Task, Assignment, & Project Management  6 — 

Conceptual Learning & Application  — 1 

Working with Data  1 4 

Using Course Resources  1 5 

Persevering Through Course  7 — 

Making Sure Not to Cheat 4 — 

Learned Lab Techniques — 4 

Doing Something New — 3 

Ownership Over Work — 1 

 

Key  

Color  Percentage (%) 

 81 - 100 

 61 - 80 

 41 - 60 

 21 - 40 
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Table 4.18. Frequency of subcodes within the Collaborative Learning Environment course 

element category and perceived association with supporting development of work ethic and 

technical skills (n). 

Course Elements within 

the Collaborative 

Environment Subcodes 

Skill Perceived as Developed in Course(s) 

Work Ethic  

(n = 19) 

Technical Skills 

(n = 13) 

Communication & 

Collaboration with Team 

Delegating & 

Coordinating  

2 — 

Learning to Work with 

Others & Be a Team 

Player 

2 — 

Solving Problems & 

Finding Solutions as a 

Team 

1 — 

Learning from Others  — 1 

Communication & 

Collaboration with TA 

Asking Questions & 

Receiving Guidance  

1 1 

Additional Collaborative 

Elements Not Related to 

One Group in Specific 

Being Willing to Listen 

to Others 

— 1 

Asking Questions and 

Receiving Help 

1 1 

 

 

Table 4.19. Frequency of subcodes within the Open Inquiry Learning, Working with Data, 

Conceptual Learning & Application, and Using Course Resources course element codes and 

their association with development of work ethic and technical skills (n). 

Course Element  Subcodes  

Skill Perceived as Developed in 

Course(s) 

Work Ethic  

(n = 19) 

Technical Skills 

(n = 13) 

Open Inquiry 

Learning Less Guidance Provided in Course  

1 1 

Working with Data Data Collection & Record Keeping  1 1 

Analyzing, Interpreting, & Displaying 

Data  

— 3 

Conceptual 

Learning & 

Application Learning New Concepts & Information 

— 1 

Using Course 

Resources  

Lab Manual 1 — 

Course Instrument & Tools — 4 

Reading Materials Provided in Course 

(General) 

1 — 

Software & Application Use (e.g., 

LoggerPro) 

— 2 
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Table 4.20. Course activities that contributed to work ethic skill development (n). 

 Skill Perceived as Developed in Course(s) 

Activity Work Ethic 

Planning Document 1 

Presentations (Oral/Poster) 1 

Reports (Informal/Formal) 3 

CATME Survey 1 
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A.IV.18. Student perceived value of skills beyond their planned career goal 

Table 4.21. Value of skills beyond career goal (n). 

 Student-perceived Competency 

Places in Which 

Skill is Perceived to 

be Valuable 

Communication 

Skills 

(n = 44) 

Teamwork 

Skills 

(n = 46) 

Problem-solving 

& Critical 

Thinking 

(n = 48) 

Prioritization & 

Time Management 

(n = 42) 

Any Job/Career 19 19 12 17 

College Career & 

Campus Life  

13 10 6 21 

General Life Skill 8 8 10 14 
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A.IV.19. Skill Desired in Course  

Table 4.22 displays the numerical values concerning the number of participants who wished to 

have a skill present within the general chemistry laboratory courses but felt that they were not 

given an opportunity to work on.  

Table 4.22. Skills participants desired but were not given an opportunity to develop in the 

project-based general chemistry laboratory courses (n). 

Skill Lacking in Course that Students Desired 

Development Of # of Participants 

Occupation-specific Skills 10 

No Skills Listed 8 

Problem-Solving & Critical Thinking 5 

Intrapersonal Skills 3 

Education & Learning Skills 2 

Other Skills 2 

Interpersonal Skills 2 
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CHAPTER V: ONLINE & OUT OF THE LAB: EXPLORING THE IMPACT OF 

VIRTUAL LEARNING ON 21st-CENTURY SKILL DEVELOPMENT IN PROJECT-

BASED GENERAL CHEMISTRY LABORATORY COURSES  

Introduction 

As the COVID-19 pandemic swept the globe in the early months of 2020, college instructors 

were forced to rapidly adapt their courses to accommodate government-mandated quarantines 

and social distancing measures (Centers for Disease Control and Prevention, 2023; Kathy 

Katella, 2021; OECD, 2020; U.S. Department of Defense, n.d.). Overnight, in-person instruction, 

facilitated through face-to-face interactions, needed to be transformed to instruction taking place 

entirely online. Instructors had to quickly adapt their methods of instruction to a remote modality 

that was unfamiliar to both them and their students (Means et al., 2020).  

As a result, instructors had to reflect on barriers presented by online learning when 

determining the best pedagogical practices to implement online. Instructors were tasked with 

determining how best to keep students active and engaged (Castelli & Sarvary, 2021), while also 

being cognizant of internal and external stressors (such as distracting home environment, 

familial/work obligations, and differing time zones)(Ramachandran & Rodriguez, 2020). At the 

same time, students reported a lack of self-motivation (Means et al., 2020) and difficulties 

accessing the technology necessary to engage in remote courses (Bharadwaj et al., 2023; Castelli 

& Sarvary, 2021; Morgan, 2022) as hindering their ability to learn. Reliance on unfamiliar 

technology to disseminate course materials, with little time to learn how to use these resources 

also presented challenges for instructors (Díez-Pascual & Jurado-Sánchez, 2022). Further, many 

instructors had to determine how to best transfer in-person pedagogical practices to a remote 

learning environment (Sansom, 2020), including whether to conduct their courses synchronously 

or asynchronously (Castelli & Sarvary, 2021).  

While college administrators and educators worked diligently to adapt to these 

circumstances and ensure that students could effectively continue their education remotely, the 

job market also experienced a catastrophic blow that was predicted to result in long-term changes 

(Ice et al., 2021). Amid record high layoffs and subsequent unemployment rates (Centers for 

Disease Control and Prevention, 2023), a majority of the workforce had to become accustomed 

to working remotely (Parker et al., 2022). While stay-at-home orders and quarantine measures 

have since been lifted, the way people work post-COVID parallels the shifts in course modalities 

found in higher education, where hybrid (mix of in-person and online) and online (or remote) 
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modalities became more prevalent following the pandemic. Even though remote work existed 

before the pandemic closures, a report released by PEW Research found a shift in preferences 

towards working from home, citing benefits such as better work/life balance and ease of work 

completion despite drawbacks such as less connection to co-workers (Parker et al., 2022). This 

preference aligns with college students’ desire for the integration of more hybrid, blended, and 

remote courses, along with incorporation of digitally accessible materials (Bharadwaj et al., 

2023). These trends show that there is a desire for the inclusion of remote practices, emphasizing 

the need for higher education to embrace remote learning technologies, while also better 

preparing students for careers that may include remote work.  

This study aims to take a deeper look into an intersection of online learning and career 

preparation, in particular the influence that remote learning had on students’ perceived ability to 

develop valuable 21st-century skills in project-based general chemistry laboratory courses.  

Chemistry Laboratory Learning Online 

Transitioning laboratory courses to an online format, in response to the pandemic, posed a 

particularly challenging problem because hands-on experimentation is typically a focus of the 

curriculum (Bruck et al., 2010; Hofstein & Lunetta, 2004). A variety of creative approaches were 

employed to facilitate remote learning in chemistry laboratory courses, which included use of a) 

at-home laboratory kits (Sansom, 2020), b) kitchen chemistry activities (Schultz et al., 2020) c) 

recorded videos, tutorials, and associated data (Sansom, 2020; Wild et al., 2020), d) online 

simulations (Accettone, 2022; Youssef et al., 2020), d) virtual reality (Williams et al., 2022) and 

e) online databases (Youssef et al., 2020).  

Many instructors questioned how they could continue to give students an immersive 

hands-on learning experience if only engaging with and observing chemical phenomenon at a 

distance. The answer for some was at-home laboratory kits purchased from a third-party 

distributor and delivered to students (Sansom, 2020) or kitchen chemistry activities using readily 

available materials typically present in anyone’s kitchen (Schultz et al., 2020). While these were 

deemed useful methods for continuing experimentation outside of the college laboratory, 

integration of at-home laboratory kits, and even kitchen chemistry activities, into the curriculum 

imposed additional costs for students, raising accessibility issues. Safety was also a concern 

because students were no longer under direct supervision.  
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The use of video recordings or simulations presented different challenges. Many students 

believed that watching videos of recorded experiments and engaging with virtual simulations 

were less valuable than in-person experiences and hindered their ability to learn (Accettone, 

2022; Jeffery & Bauer, 2020). However, another study investigating an analytical techniques 

laboratory course reported better student performance, measured through higher grades and pass 

rates, for a remote laboratory course relative to the corresponding in-person course (Díez-Pascual 

& Jurado-Sánchez, 2022). Students in this study viewed video recordings as a valuable resource 

that supported their interest and engagement.  

Considering the costs and risks associated with traditional chemistry laboratory courses, 

combined with limited evidence about their contributions to learning, raises questions about their 

value (Bretz, 2019). Assumptions about the value and goals of laboratories, in general, are often 

tied to the perceived importance of practical hands-on experiences (Bretz et al., 2013; Bruck et 

al., 2010). Even before the COVID pandemic forced laboratory courses online, virtual 

laboratories in which students engage in computer-based experiences that simulate performing 

hands-on laboratory tasks had begun to appear in chemistry curricula (Ali & Ullah, 2020). These 

types of courses are just one of many resources used for remote learning that could potentially 

allow students to engage with a wider variety of experimental scenarios and techniques, provide 

a cost-effective alternative to maintaining an in-person laboratory, support online learning, and 

eliminate the risk associated with in-person laboratories (Ali & Ullah, 2020; Brinson, 2015). In a 

synthesis of empirical research in 56 studies, across STEM disciplines, that compared learning 

outcomes for remote/online and virtual laboratories to traditional in-person laboratories, Brinson 

reported that the majority of the 56 studies analyzed showed evidence of greater (65%) or equal 

(24%) learning in the remote and virtual laboratories (Brinson, 2015). However, a limitation in 

this work was that nearly all (n = 53) of these studies assessed content knowledge while only 4 

assessed inquiry skills.  

While many chemistry instructors believe learning in the laboratory occurs primarily 

through hands-on engagement to build laboratory skills and application of conceptual knowledge 

learned in lecture to activities in laboratory, instructors also acknowledge that development of 

skills such as teamwork and critical thinking are learning outcomes of these environments (Bretz 

et al., 2013; Bruck et., 2010). These skills are among those identified by employers as valuable 

career competencies, indicating there may be more to be learned from general chemistry 
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laboratory courses than technical skills, which could contribute to preparation for the working 

world.  

Online Learning & Career Readiness 

While preparation for future careers is becoming a measure of student success in higher 

education, gaps remain in how well academic institutions are meeting employer expectations 

(Carlson, 2022). Employers consistently identify the following skills as important to success in 

today’s workforce: communication, teamwork, and problem-solving & critical thinking (Finley, 

2023; Kondo & Fair, 2017; National Association of Colleges and Employers, 2023; National 

Research Council et al., 2011). Unfortunately, many employers also report deficiencies in these 

employer-desired competencies (EDCs) among recent graduates (Finley, 2023; The Economist 

Intelligence Unit Limited, 2014). Considering that preparation for career and workplace success 

is perceived by many as an important goal of a college education (Fermin & Pope, 2003; Gallup 

Inc & Strada Education Network, 2018; Lee, 2019), and enrollment in online courses is 

continually increasing (Allen & Seaman, 2013; Garrett et al., 2023; National Center for 

Education Statistics, 2023; Seaman et al., 2018), understanding how online learning may 

contribute to building EDCs is important.  

Introductory STEM courses reach large numbers of students from a range of majors with 

varied career goals and can have a significant impact on students’ college experience 

(President’s Council of Advisors on Science and Technology, 2012; Seymour & Hunter, 2019). 

Most STEM majors enroll in general chemistry laboratory courses early in their undergraduate 

studies, and we posit such courses could be used to kickstart EDC development that could be 

built upon in subsequent courses. Notably, in pre- and post-surveys of undergraduate students 

enrolled in chemistry laboratory courses at two Midwestern universities, a statistically significant 

number identified “To prepare for the career I want to pursue” as a most important learning goal 

(Santos-Díaz et al., 2019). This study, however, did not explore what preparation for career 

meant to the students surveyed. Hansen & Overton found that chemistry graduates considered 

generic skills of teamwork, problem-solving, and time management as more useful on the job 

than knowledge of chemical terminology or skills/experience with chemical instrumentation 

(Hanson & Overton, 2011). Continuing this work, Galloway observed that students anticipating 

going into careers that were perceived to use little or no chemistry recognized value in these 

generic skills significantly higher than chemistry-specific skills (Galloway, 2017). This 
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contrasted with students pursuing occupations believed to have moderate to high involvement of 

chemistry who found both generic and chemistry-specific skills to be of high value with no 

statistical significance between the two sets of skills. Another study conducted in Singapore 

found that both employers and students seeking chemistry degrees ranked communication skills, 

work experience, and teamwork skills highly, showing that students understand the importance 

of these skills for finding employment (Yasin & Yueying, 2017). While the majority of students 

in this study indicated that they developed practical skills (91%) and technical skills (76%) in 

their degree program, less than half indicated that they had developed teamwork (38%) and 

communication (27%) skills. These findings support the necessity of assessing how the 

chemistry curriculum, particularly laboratory courses, is preparing students for careers.  

The transition to remote learning in March 2020, due to the COVID pandemic, occurred 

prior to the second round of data collection for a qualitative study exploring student perceptions 

of development of skills they reported to be of value to their future career (referred to as student-

perceived competencies or SPCs) in project-based general chemistry laboratory courses. This 

provided an opportunity to expand the study to explore student perceptions of how online 

learning affected the development of these skills. Perspectives were provided by students who 

experienced the transition from in-person to emergency remote learning in Spring 2020 and 

those who experienced fully online laboratory learning in Summer 2020 and Fall 2020. This 

chapter explores explicit connections made by interview participants between the online learning 

environment and development of specific SPCs, both positive and negative. It should be noted 

that this study did not assess student proficiency in the skills needed for future careers.  

Research Question   

This study will answer the following research question:  

1. (RQ1) What impact did the online learning environment have on students’ perceived 

ability to develop student-perceived competencies (SPCs) in project-based general 

chemistry laboratories?  

Theoretical Framework  

The social constructivist theory of learning, which posits that knowledge is actively constructed 

through social interactions and cultural influences, provides a theoretical basis for this study. 

Vygotsky proposed that cognitive development was the product of active engagement by the 

learner (Vygotsky, 1978), a position shared by Jean Piaget (Wadsworth, 1996). While both 
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scholars believed in the central role of the learner in crafting their knowledge, Vygotsky 

challenged Piaget’s belief that learning was independent of the social and cultural world in which 

the learner was situated and proposed that it is precisely these social influences and experiences 

that shape one’s knowledge and learning (Vasileva & Balyasnikova, 2019). Vygotsky proposed 

that there is a gap between what the learner knows and can do independently and what the 

learner cannot yet do even with assistance, which he called the zone of proximal development 

(ZPD) (Ferguson, 2007). Learning within the ZPD can occur by receiving guidance from a more 

knowledgeable instructor or peer.  

The project-based learning environment investigated within this study placed a strong 

emphasis on collaboration within the course’s learning community, facilitating the use of a social 

constructivist approach (Krajcik & Blumenfeld, 2006). The transition to online teaching and 

learning during the pandemic created challenges to fostering these social interactions between 

students and their peers or instructors (Baldock et al., 2021), that are central tenets to project-

based laboratories and supporting learning within the ZPD. Although maintaining a social 

constructivist approach online posed a potential problem, the act of carefully curating 

collaborative activities in which students could engage with one another can still promote such a 

learning environment that continues to aid in 21st-century skills (Agopian, 2022). When 

administering psychology courses online, Agopian implemented team-based activities, oral 

presentations, and online discussion forums to maintain a learning environment and community 

reflective of social constructivism. Darby & Lang further emphasized the importance of social 

interactions and community building in online courses and the influence it can have on the 

construction of knowledge, stating:  

[. . .] a well-designed course will also provide opportunities (and incentives) 

for learners to interact with one another, both to help each other learn and to 

build that sense of community. When these two forms of presence have been 

established, the learners in the course are more likely to engage in the kinds of 

active, collaborative processes that help them construct new knowledge 

through their cognitive presence (Darby & Lang, 2019).  

Some of the ways that Darby & Lang proposed fostering this social community mirrored 

that of Agopian’s teaching method of incorporating team projects, exchange of thoughts and 



 181 

ideas through small group discourse, and use of discussion forums. A few of these elements can 

be observed in the curriculum of the project-based general chemistry laboratory courses in this 

study, in which students engaged in team-based projects, were encouraged to communicate and 

collaborate with teammates during and outside of class hours using a variety online resources 

(e.g., google documents, group chats), and were asked to convey information collected and 

synthesized as a team to the rest of the class. Beyond the aim of promoting peer interactions, 

cultivating relationships between students and their instructors is another important aspect to 

building an online learning community (Archambault et al., 2022). These relationships are 

integral to social constructivism and project-based learning, where instructors are meant to guide 

students through the learning process. These roles were established by the graduate student 

teaching assistants (GTAs) that facilitated the general chemistry laboratory courses in this study.  

The transition to online posed additional challenges in supporting project-based 

laboratory learning where “doing” is considered an important part of laboratory learning. This 

concept of “doing science” is defined by engaging students in a process of inquiry using 

practices in which they can apply knowledge and skills in a way that will result in a deeper 

understanding of scientific knowledge and be reflective of what scientists do (National Research 

Council & Committee on a Conceptual Framework for New K-12 Science Education Standards, 

2012). To get students engaged in these practices, the eight scientific and engineering practices 

were defined by the National Research Council in A Framework for K – 12 Science Education. 

These practices include: 

1. Asking questions (science) and defining problems (engineering) 

2. Developing and using models  

3. Planning and carrying out investigations  

4. Analyzing and interpreting data  

5. Using mathematics and computational thinking  

6. Constructing explanations (science) and designing solutions (engineering)  

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information 

Although these practices were intended for use in K – 12 education, they are of value to 

higher education as well. Each of these practices have been identified, by Carmel et al., as 

components of the various project’s students are given throughout the project-based general 
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chemistry laboratory courses in this study (Carmel et al., 2019). The most prevalent scientific 

practices that emerged in every project included asking students to design or plan experiments, 

analysis and interpretation of data, and construction of explanations and engaging in 

argumentation from evidence. While maintaining opportunities for students to engage in 

scientific practices online presented potential challenges, activities continued to be structured in 

a way to encourage use of these practices.    

Methodology 

This study aims to derive meaning from student experiences in their general chemistry laboratory 

courses developing pertinent 21st-century skills and the influence online learning had on 

supporting or hindering development of these skills. Framing skill development in those of 

which students ascribe importance to their future career goal, this study seeks to show the 

importance of in-person learning on student experiences and how these experiences are seen as 

advantageous and beneficial for students’ future careers.  

To investigate the influence of online learning on students’ perception of skill 

development in project-based general chemistry laboratory courses, a mixed-methods approach 

was followed by using both qualitative and quantitative methods of data collection and analysis 

(Plano Clark & Ivankova, 2018). Although a mixed-methods approach was used, this study 

focuses heavily on the qualitative methods employed, with quantitative methods used as 

supplemental analysis to further investigate comparisons of interest. The qualitative 

methodology used in this study centered around a transcendental phenomenological approach. 

Use of this qualitative methodological approach involves five primary steps: 1) defining the 

phenomenon and sample of interest, 2) collecting data using qualitative methods (e.g., 

interviews), 3) identifying key pieces of data (e.g., excerpts) and generating themes, 4) engaging 

in epoché throughout the study to confront researcher biases, and 5) presenting results through 

use of participant voices, focusing on descriptive explanations of experiences. The way in which 

this framework was applied to this study is explored below.  

Defining the Phenomenon & Sample of Interest 

Phenomenological studies aim to explore human experiences with the purpose of gaining a better 

understanding surrounding a particular phenomenon (Creswell, 2013). The phenomenon under 

investigation in this study was student experiences developing SPCs in online project-based 

general chemistry laboratory courses. Investigating this phenomenon was not the primary goal at 
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the inception of this study. This study initially explored students’ perceptions of development of 

SPCs in in-person project-based general chemistry laboratory courses. During preparation for the 

first round of interviews, emergence of the COVID-19 pandemic and the subsequent switch to 

online learning presented a new area of exploration - the influence of online learning on SPC 

development. To investigate both SPC development and the effect of online learning, the sample 

selected included students enrolled in large-enrollment general chemistry 1 (GCL1) and 2 

(GCL2) laboratory courses for STEM majors at a large Midwestern university from Spring 2020 

through Fall 2020. The majority of students in the sample population were freshmen and 

sophomores, and under 4% had a declared major in chemistry. Progression from GCL1 to GCL2 

is not required for most majors. Concurrent enrollment with the corresponding general chemistry 

lecture course is not required as the courses operate independently. To provide additional context 

for the phenomenon investigated, the course structure and adaptations made for the online 

modality are described below.  

Course Structure & Adaptation for Online Learning 

The general chemistry laboratory courses in this study follow a cooperative project-based 

learning curriculum (Carmel et al., 2017, 2019; Cooper, 1994). Each project is framed by a 

scenario (e.g., propose a method for dissolving kidney stones or recreate the color profile of a 

name-brand beverage), and students are tasked with working collaboratively in teams of 3 - 4 

students to plan investigations to answer questions or design solutions. The four multi-week 

projects, in each course, require students to work in teams of 3 or 4 to plan and carry out 

experiments, make observations and collect data, analyze and interpret data, and argue from 

evidence or use data to design solutions. Students communicate their methods and findings for 

the four projects in a variety of formats including informal and formal written reports and oral 

and poster presentations.  

During this study, the learning environment evolved from in person to fully online in 

response to the COVID-19 pandemic. Classification of these different learning environments, 

adopted for this study from Hodges et al., were emergency remote learning (ERL) and online 

learning (OL)(Hodges et al., 2020). Emergency remote learning corresponds to the rapid mid-

semester transition from in-person to remote learning during Spring 2020. Subsequently, the 

laboratory courses were restructured to support fully online learning during Summer 2020 and 

Fall 2020. 
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Maintaining as many of the essential elements of the project-based curriculum as possible 

was a primary goal in adapting the general chemistry laboratory courses for online learning. 

Figure 5.1 shows a comparison of key student activities and the instructor role between the in-

person curriculum and the online adaptation. The main difference in OL was that students could 

no longer carry out their planned procedures and engage in hands-on experimentation. In its 

place, students were provided with videos of experiments to allow them to make observations, 

simulations that generated measurement data with error based on student input, and Excel 

workbooks containing previously collected data. Students in both the ERL and OL environments 

continued to collaborate in teams through Zoom breakout rooms to design and plan experiments, 

engage in data analysis and interpretation, and complete each course project with a report or 

presentation. There were two key differences between student experiences in the ERL and OL 

semesters. Students in the ERL semester worked with their teammates in-person and performed 

the experiments that they planned with their team for just over half the semester before the 

transition to remote learning and remained with their original team as they finished the semester 

remotely. Results from GCL1 and GCL2 were combined and presented together because the two 

courses have the same overarching structure. 

 

Figure 5.1. Comparison of student activities and instructor role in the from in-person and online 

learning modalities. 

Data Collection 

Semi-structured interviews provided the data for this study. Over 3 semesters, the 3,772 students 

enrolled in GCL1 and GCL2 were invited to participate via email with extra credit offered as an 
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incentive. Students who either did not volunteer or were not selected for an interview could 

complete a survey for extra credit. Institutional review board (IRB) approval was obtained for 

the interview protocol and survey. Study participants provided consent after being informed of 

their rights. All participants were 18 years of age and older.  

Interviews were conducted in three consecutive semesters (Spring 2020, Summer 2020, 

and Fall 2020). From the 781 students who volunteered for interviews, purposeful sampling 

based on declared major, and in a later semester class standing (Fall 2020), was used to select 

participants. Interviews took place remotely via Zoom and were initially transcribed verbatim 

using a third-party transcription software (OTTER.ai) and then cleaned by two of the authors.  

All participants were assigned unique identification numbers and non-binary pseudonyms to 

protect their identities.  

A total of n = 54 interviews, which lasted from 16 to 63 minutes, were conducted. During 

preliminary analyses, one participant was removed from the sample due to their college 

education being unrelated to career advancement. Additionally, poor internet connection caused 

interruptions during questioning and made transcription difficult. Removal of this participant 

resulted in a final sample of n = 53 participants. Independent samples t-tests found no 

statistically significant differences between interview participants and the course population 

based on SAT scores. 

Participant demographics were similar for the ERL (n = 23) and OL (n = 30) samples 

(A.V.1). Nearly all participants (50 of the 52 with age data) were 18-20 years old, and 75% were 

freshmen or sophomores by credit, as expected for an introductory class. More participants 

identified as female (57%) than male (43%)(only binary choices were permitted in institutional 

data). At the time of this study 53% of undergraduate students at the institution identified as 

female. Race and ethnicity of participants were Asian (n = 1, 1.9%), Black or African American 

(n = 7, 13.2%), Hispanic/Latinx (n = 6, 11.3%), International (n = 3, 5.7%), Two or More Races 

(n = 1, 1.9%), White (n = 28, 52.8%), and not reported (n = 3, 5.7%). 

The distribution of course enrollments for the ERL and OL samples differed; 61% of the 

participants in the ERL sample were enrolled in GCL2, while 60% of the students in the OL 

sample were enrolled in GCL1. Across the study, 27 students from GCL1 and 26 students from 

GCL2 were interviewed. Since both courses followed the same project-based format, enrollment 

in a particular course was not expected to impact the findings of this study, which did not explore 
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differences between the courses. In the sample, the most common planned careers were in the 

health & medical professions (e.g., doctor or nurse) (n = 33, 62%). The remaining participants 

had planned careers in engineering & related subspecialties (e.g., mechanical engineering or 

computer science) (n = 10, 19%) or other careers (e.g., forensic scientist or medical laboratory 

scientist) (n = 10, 19%) categories.  

Interview Protocol 

Interviews were conducted following a semi-structured format that allowed interviewers to ask 

follow-up questions to prompt elaboration and/or clarification of responses (Herrington & 

Daubenmire, 2014). Participants were first asked about their career goal, prior experiences and 

exposure to their intended career, and perceptions of the skills needed to be successful in their 

planned career. During the next segment, participants were asked to relate experiences in their 

general chemistry laboratory course as well as outside the course that helped them develop skills 

that they think are important for their career. Next, participants were shown a list of skills desired 

by employers of STEM graduates (Telfor, 2017) and given a chance to talk about any skills from 

the list not mentioned previously and opportunities, if any, to develop these skills within the 

course. Interviews concluded with explicitly prompting participants to share their thoughts on 

how remote learning may have impacted skill development in their laboratory courses, although 

many participants had already discussed online learning and its impact on skill development 

without prompting earlier in the interviews. Questions were refined iteratively over the three 

semesters (Sp20, Su20, Fa20) to improve clarity, but the general line of questioning outlined 

above was unchanged. The most significant change was refinement of the skills list provided in 

each semester based on participant responses in the prior semester.  

Identifying Key Pieces of Information & Generating Themes 

Interviews were coded using thematic analysis to identify emerging themes (Nowell et al., 2017). 

Initial analysis included identifying excerpts relevant to the research question, namely where 

participant responses related skill development to the online learning environment in GCL1 or 

GCL2. From these excerpts, emerging ideas from participants’ responses were summarized to 

produce an initial set of codes (e.g., inability to perform data collection). Related codes were 

then grouped to create representative parent codes (e.g., inability to perform data collection and 

less control over experimentation were organized under the parent code lack of hands-on).  
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Inter-rater reliability (IRR) was used to assess the validity and reliability of the coding 

scheme (Nowell et al., 2017). Two independent coders applied codes to interview segments and 

compared the results to determine the percent agreement and Brenan-Prediger’s Kappa (𝜅BP), 

which is a measure of researcher agreement in applying a code versus chance application of a 

code by the two coders. Brennan-Prediger’s Kappa is deemed to be sufficient or near perfect 

with values of 0.80 or greater (Brennan & Prediger, 1981; Gwet, 2016; Landis & Koch, 1977), 

with these parameters adopted for this study. Prior to reaching IRR, coding disagreements 

prompted combining, reorganizing, renaming, or addition of codes to better reflect findings in 

student responses. Once sufficient IRR was reached, one independent coder coded the remaining 

responses. After all interviews were coded, co-occurring or overlapping codes were analyzed to 

identify patterns or themes in the dataset (e.g., many participants were found to express a lack of 

hands-on resulting in hindered development of technical skills).  

Engaging in Epoché & Confronting Researcher Biases 

Along with finding meaning through human experiences, transcendental phenomenology seeks 

to observe the data with a “fresh pair of eyes” through what is known as epoché, where the 

researcher identifies their experiences, thoughts, feelings, and ideas surrounding the phenomenon 

under study with the aim of not only making them clear but also setting them aside when 

assessing the data (Creswell, 2013; Moerer-Urdahl et al., 2004; Moustakas, 1994). To provide 

transparency, the primary author’s (BE) experiences with the courses in this study and how they 

addressed potential bias are outlined below.  

BE was a graduate teaching assistant (GTA) in either GCL1 and GCL2 for five 

semesters. Following data collection, BE taught GCL1 in an online modality in Spring 2021 and 

served as an undergraduate learning assistant (ULA) coordinator for GCL1 for an in-person 

course in Spring 2022. As a ULA coordinator, BE worked with the course coordinators to recruit 

and hire ULA’s, manage training resources for GTAs and ULAs, and administer surveys to 

assess student satisfaction and gather information on how course experiences could be improved. 

Based on the experience of teaching GCL1 online and its contrast with in-person experiences in 

the general chemistry laboratory courses before and after, BE recognized the presence of 

personal notions about online laboratory learning including a lack of connection between the 

members of student teams as well as with the instructor and an overall lack of engagement from 

students.  
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Throughout this research, BE aimed to set aside these biases and approach the data with 

an objective lens to focus on what was present within the data. While the early stages of this 

study did not explicitly incorporate epoché, BE always endeavored to let the data speak for itself 

by documenting and distancing themselves from what they thought participants were saying to 

focusing on what the participants were saying. Several techniques were used by the research 

team to ensure epoché occurred during analysis and interpretation. Memos were used to 

document thoughts and uncertainties about the interpretation of participant statements, and the 

researchers engaged in frequent discussions to ensure interpretations were justified by the data. 

In presenting the results of this study, we aim to provide full transparency on the methodology, 

rich descriptions of the coding scheme, and a robust discussion of findings.  

Statistical Analysis for Comparison of Skills Perceived as Valuable Career Competencies 

Comparison of the skills reported as valuable to a student’s career goal and course modality were 

explored using chi-square test of association (𝜒2) for each individual skill. Student responses 

were coded using dichotomous variables to represent a student either 1 = reporting or 0 = not 

reporting a skill, throughout the entirety of the interview, as needed for their anticipated career 

goal. To control for multiple comparisons, the Benjamini-Hochberg method of adjustment was 

used (Benjamini & Hochberg, 1995) and any p-values that maintained significance after 

adjustments were followed using Phi (φ) to report effect size (Cohen, 1988; Reid, 2022). Chi-

square analyses was carried out using SPSS 27.0 (IBM Corp, 2020) and p-value adjustments 

were performed using SAS 9.4 (SAS Institute Inc., 2023). 

Results & Discussion  

Continuing with the methodological framework of transcendental phenomenology, the results 

focus on the descriptions of main themes that emerged from the phenomenon of participant 

experiences in developing valuable career competencies in an online laboratory learning 

environment. We begin by reviewing key findings from a related study that investigated student 

perception of skills needed for their planned career and explore any related statistical findings 

associated with changes in course modality investigated in the study herein. We then explore 

themes, presented in this current study, associated with the impact of online learning on 

perceived skill development using student voices captured through interview excerpts and 

vignettes to support findings. In presenting interview excerpts, “um”, “like”, and pauses have 

been excluded for clarity.  
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In the quotations presented as evidence, participants are identified using non-binary 

pseudonyms and the learning environment (ERL or OL) they were sampled from to provide 

context. Development is a key term that is referenced throughout the results and is used to 

describe instances in which a skill was learned, applied, or improved upon. Prior to delving into 

the results, it is important to acknowledge that participants mentioned many other experiences 

related to online learning and skill development outside of GCL1 and GCL2 (e.g., other classes, 

college in general, or their personal lives), which will not be explored in this study.  

Skills Needed for Career Goal & Perceived Development in the Lab Courses 

In a related study, interview participants identified a list of key skills necessary for their future 

career endeavors, referred to as student-perceived competencies (SPCs). Seven main skill sets 

were identified – interpersonal skills, intrapersonal skills, occupation-specific skills, problem-

solving & critical thinking, prioritization & time management, education & learning skills, and 

other. Categorization of specific skills into each of these skill sets is outlined in the Appendix of 

Chapter IV. Of the skills identified in the prior study, the most prevalent SPCs participants 

recognized was communication and teamwork skills from the interpersonal skill set, work ethic 

from the intrapersonal skill set, problem-solving & critical thinking, prioritization & time 

management, and technical skills from the occupation-specific skill set, as being needed for their 

planned careers. These skills were found to align with skills highly sought by employers in the 

21st-century workforce (Kondo & Fair, 2017; National Association of Colleges and Employers, 

2022, 2023; National Research Council et al., 2011; Organisation for Economic Co-operation 

and Development, 2019; World Economic Forum & in collaboration with The Boston 

Consulting Group, 2015).  

Figure 5.2 shows the six SPCs most frequently identified by participants as needed for 

their planned career disaggregated by learning environment, with ERL to represent Sp20 and OL 

representative of Su20 and Fa20. Although OL participants appear to have more frequently 

recognized all six EDCs, no statistically significant differences were detected between the course 

modalities (A.V.2). While online learning did not appear to influence student recognition of the 

skills needed for their career goal, thematic analysis, presented in the study herein, captured the 

variety of experiences students had developing skills these skills while engaging in the remote 

project-based general chemistry laboratory courses. Our exploration of how online learning 
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impacted SPC development focuses on the six skills most frequently identified by participants as 

needed for their future career (as represented in Figure 5.2).  

 

Figure 5.2. Student-perceived competencies selected as needed for planned career goals by 

interview participants. 

The Influence of Online Learning on SPC Development 

Figure 5.3 shows the number of interview participants who discussed online learning as 

supporting, hindering, and/or having no change on development of the six SPCs. Participants 

may not appear in Figure 5.3 for primarily one reason –they did not discuss a skill in the context 

of online learning.  

Two primary themes emerged. When participants discussed the relationship between the 

online environment and technical skill development, they were unanimous that online learning 

hindered technical skill development, largely due to the lack of hands-on opportunities (Theme 

1). For the other five SPCs: communication, teamwork, problem-solving & critical thinking, 

prioritization & time management, and work ethic skills, participants were relatively split as to 

whether the online environment hindered, supported, or had no influence on development 

(Theme 2). Participants can be represented in Figure 5.3 as believing the online modality to 

0

10

20

30

40

50

60

70

80

90

100

P
er

ce
n
t 

o
f 

P
ar

ti
ci

p
an

ts
 w

it
h
in

L
ea

rn
in

g
 E

n
v
ir

o
n
m

en
t 

(%
)

Emergency Remote Learning Online Learning



 191 

both support and hinder development of SPCs. However, this was only observed when students 

were talking about the influence of online learning on problem-solving & critical thinking skill 

development and will be further explored when discussing Theme 2. Additionally, one 

participant found that teamwork was mostly unaffected in the online modality, however, they 

found also found this learning environment to support development of these skills as well, as 

explored further in Theme 2. This led to this participant being represented in Figure 5.3 as both 

believing no change to skill development occurred as a result of being online and citing instances 

in which online supported development of teamwork skills. These themes will be discussed 

further below, with a numerical breakdown of themes present in Appendix (A.V.3).  

 

Figure 5.3. Number of the 53 participants interviewed who associated online learning with 

supporting, hindering, or having no change on development of SPCs (n). 

Theme 1: Online Learning Negatively Impacted Technical Skill Development  

Traditionally, general chemistry laboratory curricula have prioritized helping students build 

technical skills through gaining experience with techniques (e.g., dilutions), equipment (e.g., 

beakers, graduated cylinders), and instrumentation (e.g., UV-visible spectroscopy)( Bretz et al., 

2013; Bruck et al., 2010; Hofstein & Lunetta, 1982; Reid & Shah, 2007) used in chemical 

experimentation. Technical skills are not isolated to the chemistry laboratory, however, and is 

used to describe a plethora of skills that are specific to different disciplines or industries (Lamri 
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& Lubart, 2023). This is exemplified in participant responses that encompasses and expand 

beyond laboratory skills and techniques to include technological or computer skills (e.g., coding 

software & programs) and other hands-on skills (e.g., hand-eye coordination working with tools 

of the trade). A large number of interview participants identified these skills as key career 

competencies (66%, n = 35). Although a sizeable number of participants reported these skills to 

be valuable, not all found the course to be beneficial in providing opportunities for technical skill 

development and many of the reasons behind this surrounded the online learning environment in 

which the course was taking place.  

While many participants said that technical skills were required for their career, 14 

participants said that they didn’t have opportunities to develop technical skills in GCL1 or 

GCL2, with a majority of participants (n = 9, 64%) identifying the lack of hands-on experiences 

as the cause. An additional 4 participants said that while they had some opportunities to develop 

technical skills while taking the course (e.g., working with laboratory equipment prior to the 

transition or working with software when taking the course online), they felt that being online 

limited development of these skills due the loss of hands-on experiences.  

Participants spoke of no longer being able to carry out planned procedures and engage in 

data collection or having access to laboratory equipment and instruments as obstacles to 

developing of technical skills. In place of conducting their own experiments, students were given 

videos of experiments, predefined datasets collected at an earlier time by laboratory assistants, 

and access to web-based simulations. This resulted in students no longer being given control 

over the data that was collected or the methods that were used. Several subthemes emerged as 

participants elaborated on the negative impact that online learning had on technical skills 

development. These themes include lack of connection and agency in the experimental process, 

concerns about inadequate preparation for future courses and career, and unfulfilled expectations 

for a hands-on experience.  

 The first subtheme that emerged in some participant comments was being distanced from 

the experimental process and a lack of ownership over their work, as exemplified in Taylor and 

Grey’s comments below. 

[. . .] building skills wise, you didn’t get to perform anything by hand anymore, 

so that definitely impacted the skills you can learn. I mean you watch the 

experiment, but you didn’t get to do it yourself. (Taylor, Technical Skills, ERL) 



 193 

[. . .] in all reality, we’re come up with general, kind of, procedures, and then 

we just have to work with the data we’re given and like the procedure they 

went with. So, a lot of the times the procedure that we wrote in like the 

preparation document is different than the one that was actually carried out. [. . 

.] (Grey, Technical Skills, OL) 

Further, Taylor felt that no longer being physically present to carry out experiments, 

following the transition to ERL in Sp20, meant they could no longer engage in the process of 

trial and error, an experience Taylor described as an enjoyable and beneficial learning 

experience. When asked what watching versus performing the experiment themselves did to their 

ability to acquire technical skills, Taylor responded: 

I mean it takes away all the physical stuff. Also, all the problems you are 

gonna incur. They’re not gonna happen. [. . .] A lot of trial and error just goes 

away. [. . .] I think anytime you screw up in life [. . .] that’s just one more way 

that you’re gonna remember not to do it again and so I do enjoy it sometimes 

when you mess up, as long as you’re in an okay setting because then you’ll 

never do it again. (Taylor, Technical Skills, ERL)  

It was this ability to manipulate physical components in the lab environment, 

accompanied by the possibility of making mistakes, that Taylor felt would offer them 

opportunities to learn, correct, and avoid mistakes in the future.  

The second subtheme that came to light within participant responses was concerns about 

being inadequately prepared in learning laboratory techniques needed for future lab courses 

because of the lack of ability to be in the laboratory environment, expressed by Indy below.  

Um this one might not always apply, but we didn’t get to like, do all of the labs 

[. . .] hands on, so if I had another lab class, I’m [. . .] not gonna know how to 

do some of the lab techniques and stuff [. . .](Indy, Technical Skills, ERL) 

Blaine saw a fully online lab experience as a detrimental to preparing for their career and 

felt that having direct experience with laboratory skills and techniques would have been 

beneficial in preparing for a career in research & development.  
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But if I’m looking more holistically, like, you kind of need that, a lab 

experiences. [. . .] I am considering going into like research & development [. . 

.] so it’d be nice if I got like more hands-on experience [. . .] (Blaine, Technical 

Skills, OL) 

That last subtheme seen within student responses, discussing a lack of hands-on being 

detrimental to technical skill development, was that some had expressed desires or expectations 

of being physically in the laboratory and performing experiments that were unmet in the online 

environment. For example, Morgan identified specific experiments that she would have liked to 

perform and expressed the general sentiment of wanting an in-person experience. Grey saw 

remote learning as losing the feeling of being in a lab setting, where hands-on work was viewed 

as an integral component to that work.  

[. . .] performing the acid-base neutralizations or the salt dissolutions [. . .] that 

would have been great to do. And I kind of said this earlier [. . .] it’s sort of a 

course that I would like to have in-person. (Morgan, Technical Skills, OL) 

[. . . ] for labs specifically [. . .] it definitely feels like an element is lost being 

online. [. . .] just ‘cause lab, like especially the chemistry ones [. . .] are so 

based on actually doing [. . .] the work, the procedures, and stuff like that. And 

so just not doing that [. . .] you just lose like the feeling of a lab [. . .]. (Grey, 

Technical Skills, OL)  

Stevie offered another perspective by commenting on missing out on the opportunity to 

work with instruments like the infrared spectrometer, which is something that “actual chemists” 

do. 

The IR, infrared spectrometer, we didn’t get to use it this semester. But I think 

that would have been helpful being able to see how that worked, because [. . .] 

it’s a very expensive piece of equipment that [. . .] actual chemists, actual [. . .] 

scientists use for their research. (Stevie, Technical Skills, ERL) 
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When talking about technical skill development, Indy, who experienced the transition 

from in-person to emergency remote learning, compared the impact on lecture to those of the lab 

course.  

[. . .] I feel like the labs are like the thing I’m missing out most on, because 

lectures [. . .] you watch them in person or you watch them at home and you 

take notes, but you’re [. . .] basically doing the same thing. [. . .] But like the 

labs [. . .], especially chem over physics lab, are [. . .] more hands on. [. . .] I 

feel like we missed out more on like some of the lab techniques. (Indy, 

Technical Skills, ERL)   

Although technical skill development is not the primary focus of the project-based 

curricula in GCL1 and GCL2 courses, students have opportunities to develop technical skills as 

they carry out planned investigations when these labs are offered in person. Comments from 

participants in this study, who didn’t have these opportunities in the online environment, speak 

volumes to the importance they attribute to gaining these skills through hands-on experiences. 

These findings are reflective of the literature in which both instructors and students believe 

laboratory skills and techniques are an outcome of laboratory learning (Bretz et al., 2013; Bruck 

et al., 2010; DeKorver & Towns, 2015; Petillion & McNeil, 2021). 

Only one participant offered suggestions for how to improve technical skill development 

in online labs. When asked how the course could better incorporate these skills remotely, Jamie 

described that akin to virtual simulation, in which they can effectively carry out their procedure, 

as being beneficial.  

Maybe they can develop [. . .] a software that we can just click on the thing and 

click on the water, and we can design how much water we can put [. . .]. 

(Jamie, Technical Skills, OL) 

Other studies have explored the use of apps to simulate the laboratory experience 

virtually by allowing students to manipulate quantities of reagents and virtually interact with 

laboratory equipment to provide a more immersive remote laboratory learning experience and 

enhance practical lab skills (Hawkins & Phelps, 2013; Williams et al., 2022). Although the loss 

of experience handling laboratory materials is of concern in remote courses, Williams et al. 
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found positive gains between students pre-lab expectations and post-lab experiences, when 

measuring meaningful learning across cognitive and affective domains, in an organic chemistry 

laboratory course using virtual reality (VR)(Williams et al., 2022). Students who anticipated 

being confused about how laboratory instruments worked and having a feeling of nervousness 

when handling chemicals prior to engaging in the course, reported a decrease in these feelings 

after their VR experience. Further, Hawkins and Phelps found that there was no statistically 

significant difference in general chemistry 2 student scores measuring conceptual knowledge, or 

their ability to apply laboratory techniques to construction of a voltaic cell battery, when 

comparing students who were either enrolled in a traditional hands-on laboratory course or one 

that employed the use of virtual simulations.  

While simulations may not completely replace the experience of being in a laboratory, 

they can enhance the virtual experience for distance learners (Ali & Ullah, 2020) and other 

situations where access to in-person laboratories is limited. Providing virtual learning 

experiences that allow students to manipulate lab equipment and chemicals may alleviate student 

feelings of being disconnected from the data provided and increase their perceived autonomy. 

However, enhanced virtual experiences alone cannot address students’ desire to physically be in 

the laboratory.  

Despite students talking about the online environment hindering the development of 

technical skills, particularly the physical activities typically associated with performing 

experiments, some students reported the ability to learn technical skills in their courses. These 

student responses did not indicate a relationship to online learning as a supportive structure to 

building these skills, but that it was within student engagement with course materials in which 

these skills were developed.  

A clear pattern emerged in the types of technical skills perceived to be developed and 

how they were developed when comparing the responses from the ERL and OL learning 

environments (A.V.4). Students in the fully online courses were more apt to report technical skill 

development through using software (e.g., excel, LoggerPro) and building a knowledge base of 

technical skills (e.g., learning about techniques or instruments) as represented by Blake’s quote.  

Technical skills, I feel like having background about like, the equipment we're 

going to use or like being able to imagine what equipment we'll use or like 
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how to use, like whether it's Logger Pro, or Excel in Microsoft that really helps 

in the course [. . ]. (Blake, Technical Skills, OL) 

Whereas those in ERL were able to connect development to physically using instruments 

(e.g., working with spectrometers) and applying lab techniques in the first half of the course prior 

to switching to the online format as seen in Sam’s comment below. 

[. . .] Um, one of them specifically was like the spectrometer, which I was 

like, "What is this?" and like how to work it, but in my lab group like I would 

always be working it because I got the hang of it really fast [. . .] (Sam, 

Technical Skills, ERL) 

Since most students in these general chemistry laboratory courses do not plan to pursue a 

career in chemistry, becoming proficient in traditional laboratory techniques may not be as 

beneficial to students’ career pursuits as having a chance to analyze data using different software 

(e.g., Microsoft Excel or LoggerPro).  

Interestingly, despite most participants having career goals that did not involve chemistry 

related career goals, many wanted to be in the lab and build these skills. In some instances, this 

may be related to concerns about preparation for future courses as expressed by Indy. These 

findings are reflective of the literature in which students who engaged in their remote laboratory 

courses reported a lack of preparation due to missing out on opportunities to learn hands-on 

laboratory techniques and the inability to learn through trial and error when watching pre-

recorded videos (Petillion & McNeil, 2021).  

Another possible reason that students underscored the importance of hands-on 

experiences and the loss of technical skills is that students find physically participating in 

laboratory activities to be fun and more engaging as will be discussed later on. Regardless, 

across ERL and OL learning environments, technical skill development was negatively impacted 

by the remote environment.  

Theme 2: Contrasting Perceptions of EDC Development  

Perceptions of how online learning affected development of the five other SPCs, were divided 

between supported, hindered, or no change to development (Figure 5.3). As will be explored 

below, how participants perceived the impact of the online learning environment on SPC 
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development depended on whether they saw challenges associated with adapting to a remote lab 

course as beneficial or detrimental to the learning experience.  

Communication Skills 

In discussing the impact of remote learning on the development of communication skills, 

participants talked about how they had to learn to convey information in a clear and concise 

manner. They spoke of having to adapt how they communicated to ensure that their ideas could 

be understood by teammates when they couldn’t necessarily show what they were talking about.  

[. . .] I feel like, essentially, being online, not being able to [. . .] physically 

show what you’re talking about, you must be kind of clear and efficient in a 

way, about you’re talking. So, you can help [. . .] others understand your 

perspective easier and just working together [. . .]. (Arbor, Communication 

Skills, OL)  

[. . .] I think [online] definitely helps with your communication, because you 

have to learn how to explain things when the person can’t actually see it. Like 

you can’t do the experiment in front of them to show you how it’s done. (Rori, 

Communication Skills, ERL)  

Navigating team dynamics online, from getting acquainted to checking in to make sure 

the work is being completed, supported development of communication skills. 

[. . .] definitely, for this semester, it’s way different than the past years, 

because we’re all on Zoom and working online. But I think gradually, we, I 

guess, warmed up to each other, me and my group and were able to talk about 

things easier and point things out and don’t feel like we are stepping on each 

other’s toes. [. . .]. (Corey, Communication Skills, OL)  

[. . .] communication skills, especially, like, everything online. It’s been 

important to reach out and make sure everyone is doing stuff. (Jasper, 

Communication Skills, OL)  
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Riley talked about adapting their method of communication in a different way, where 

they had to situate themselves in an alternative perspective to learn how to write about a reaction 

that they were unable to carry out themselves.  

“[. . .] it’s just a lot harder to write about a reaction if you haven’t done it 

yourself, even though it’s a good skill to have actually [. . .]” (Riley, 

Communication Skills, ERL)  

While these participants noted that the courses provided opportunities to build 

communication skills, others focused on the challenges. The online modality created barriers to 

collaboration and communication with teammates. For example, Blaine explained how easy it 

was for a teammate to disengage through a muted mic and blank screen. This was a frustrating 

experience, in which Blaine spoke of not only having to pick up additional work to compensate 

for this teammate but also feeling that questions could easily go unanswered. A key part of the 

course was encouraging students to ask questions and rely on teammates to navigate through 

problems or difficulties. For Blaine, these important and potentially beneficial components were 

lost online.  

[. . .] in my chem lab [. . .] one of the girls in there sits in the zoom for three 

hours with no mic, no video, I didn’t even think she was there [. . . ] until our 

TA came in one day and like directly asked her something [. . .]. She never 

writes in the document. [. . .] honestly, its just really hard in the online 

environment because I can ask the question and people can literally just not 

answer it, because I am not going to see them directly. (Blaine, 

Communication Skills, OL)  

Lev, who had the experience of working with teammates for half the semester before the 

transition to ERL, also felt the collaborative component was lost online because the environment 

was more independent and less team-based.  

[. . .] you’re not in the teamwork aspect, of course, because you’re just, the 

new online perspective is like we watched a video and took our own notes. But 
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beforehand [. . .] we would do the experiment together. (Lev, Communication 

Skills, ERL)  

Online learning also impacted the ability to build communications skills through asking 

for and receiving help.  Kai compared their in-person experience with communication skill 

development in GCL1 with their online experience in GCL2. When Kai asked their teammates 

for help in GCL1, being in the same room permitted teammates to supplement verbal 

explanations by showing what they meant, which Kai found helpful. Kai noted that the situation 

was different in GCL2 where communication with teammates was somewhat difficult.  

[Interviewer asking how they developed communication skills in the course [. . 

.] for GCL1, [definitely], because we were actually in class I was able to ask 

them for help on certain things I was confused on [. . .] and I could receive 

help that way, because they could show me and also speak at the same time. 

(Kai, Communication Skills, OL)  

Communicating project results in different formats, including oral and poster 

presentations, was another important feature of the two courses. Bailey commented on the lack 

of an audience presence during presentations because no one turned their cameras on, indirectly 

pointing to important an aspect of building communication skills that was absent in the online 

environment - audience feedback on how well information was being communicated.  

[. . .] I have done one presentation [. . .]. It was good. But it was like using 

zoom and nobody even opened the camera. So like it was, if you, if you want 

to eat [. . .] nobody will notice [. . .] because there's no cameras. So I think for 

the current circumstances, that's the best that TA can do for the presentation, 

but it's not as good as we want it, I think. (Bailey, Communication Skills, OL)  

This split perception of the impact online learning has on communication skills is shared 

in the literature (Kinsky et al., 2021), in which Kinsky et al. observed that students either felt that 

adapting their methods of communication was a beneficial learning experience or that the limited 

opportunities for face-to-face interactions in remote courses resulted in a decrease of 

communication skill development. While the exact pedagogies of the communications courses 
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investigated in Kinsky et al.’s study is unknown, these differing results continue to be reflective 

in this study, where course pedagogy focuses on social interactions through collaborative efforts 

and communication of results in various formats.  

Teamwork Skills 

For the participants who mentioned that online learning supported the development of teamwork 

skills, adapting the way in which they worked with teammates and utilizing technology to aid 

collaboration was key. Jordan and Jesse found that having to learn how to operate within the 

constraints of working online provided a valuable experience.  

Um, I think I’ve kind of learned how to connect with people more in a like a 

video-based setting. And in the future that might be important, because we’re 

going to be stuck inside for a while. So, learning how to collaborate here in a 

virtual setting has been really useful for me. (Jordan, Teamwork Skills, OL)  

And you do learn to work around obstacles of, especially as people move off 

campus, um, how to get together and make things work and use technology to 

your advantage and make teamwork work in a non-traditional way of sitting 

down together and getting something done. [. . .] Like Zoom or like Google 

Hangouts or even just like having a shared document [. . .]  (Jesse, Teamwork 

Skills, ERL)   

Zuri, an ERL participant, talked about using Zoom meetings or FaceTime to maintain a 

collaborative working environment with their teammates.  

Um, well since we've been at that like this stay at home thing [. . .] we use our, 

the lab time that we're given, we all hopped on zoom and used our time wisely 

and got our slideshow done and then one other day, we all contacted each other 

and got on FaceTime and went through the entire presentation once. (Zuri, 

Teamwork Skills, ERL) 

Working remotely necessitated the use of video conferencing, group chats, and online 

shared documents. With remote and hybrid work becoming more common in the workplace, 

learning how to work collaboratively in remote environments can provide valuable career 
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preparation. Some students, however, perceived that online learning impeded building teamwork 

skills. For Stevie, the transition from in-person to ERL in Sp20 resulted in a breakdown of 

communication within their team, which hindered work on group assignments. 

Um, well, specifically in lab it's, it's obviously made it a lot more difficult 

because the group environment has, has essentially disappeared. I haven't 

really been communicating all that much with my group. Because a lot of 

the assignments have been... well, there, there was one assignment that was 

meant to be a group assignment that was just turned into an individual 

assignment. Two labs we weren't able to do. [. . .] But yeah, I think, I think sort 

of the, the development of those skills have definitely been dampened by 

the transition. (Stevie, Teamwork Skills, ERL)  

Another ERL participant, Riley felt that working with their team became challenging 

after transitioning online, and lamented the loss of in-person collaboration.  

I think the working as a team has been a little harder just cuz of what's on the 

world right now, a lot of its like virtual and I feel like there's no replacement 

for like being in lab with your team and like that human aspect of it. (Riley, 

Teamwork Skills, ERL) 

Despite the negative impact that remote learning had on teamwork skills discussed by 

some participants, these same participants provided examples of how their general chemistry 

laboratory course supported development.  

Online learning can act as a disruption to social interactions and norms that students are 

often accustomed to when entering traditional classrooms (Darby & Lang, 2019) and because of 

this care must be taken to create a learning environment that facilitates these interactions. 

However, determining how to best encourage these social interactions can be challenging, with 

many additional variables, such as lack of engagement, general dislike for group work, or student 

preferences for cameras to be turned off, to consider (Castelli & Sarvary, 2021; Donelan & Kear, 

2023). Allowing students to engage in these opportunities is important for growth of not only 

teamwork skills but all SPCs explored in this chapter, as emphasized by the social constructivist 

approach taken in this study.  



 203 

In an expansive literature review, by Donelan & Kear, of the issues online learning 

presents in group work and the strategies to better facilitate these interactions, they found that 

some of the potential ways to overcome problems that emerged were through outlining clear 

expectations, having a purposeful design of projects to facilitate collaboration, providing ample 

guidance throughout the process, and emphasizing the potential gains and benefits of engaging in 

work with others (Donelan & Kear, 2023). These strategies were used in the laboratories 

explored in the study herein, by having projects that require input and participation from all team 

members to complete, implementing team contracts, defining and allocating team roles, having 

GTAs monitor team activity throughout synchronous class times and end-of-project surveys, and 

stressing the importance of collaboration in being successful in the course. However, even with 

these strategies in place, issues still occurred as displayed by commentary provided by interview 

participants.  

Like the findings in this study, there are variable experiences of engaging in teamwork 

online in the literature. Some studies reported that students had positive experiences engaging in 

teamwork online (Díez-Pascual & Jurado-Sánchez, 2022; Vergara-Castañeda et al., 2021), while 

others found online learning was not as conducive to such tasks (Jeffery & Bauer, 2020). This 

shows the need to investigate and employ different strategies to facilitate interpersonal skill 

development in remote laboratory courses.  

Work Ethic 

Work ethic skills, such as self-motivation and focus, were tested online, but for some participants 

these obstacles proved to be a learning experience that promoted skill development. Participants 

felt that the online lab environment was demotivating and distracting; however, several discussed 

how they had to motivate themselves to get the work done. 

[. . .] its been hard for me [. . . ], I’m at home and I’m like “I don’t want to 

do it” kind of thing, but my self motivation has been down. But at the same 

time, I think in [GCL1] [. . .] I have to push to get it done, so [. . .] I have to 

force myself to get my motivation up. (Codi, Work Ethic, OL)  

I don’t have anyone to motivate me right now. I just need to motivate 

myself and [. . .] try to do good in the class right now [. . .] So, to keep up with 

the class, I need to motivate myself and [. . .] get myself to work on it, even if I 
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am not invested in doing it. [. . .] and I really improved my [. . .] self-

motivating skills because of that. (Shiloh, Work Ethic, OL) 

But I think one big thing that comes out of this is self-motivation. Because you 

don't really have your team to [. . .] encourage you to like get going on 

stuff. It's kind of like, “Oh, I'll work on that tomorrow.” And like, you're not 

concerned about like getting something out to your team earlier. So I think that 

I've learned a lot about motivating myself and telling "Get it done early. Just 

start doing it now. (Rowan, Work Ethic, ERL) 

Being at home impacted focus because participants felt they could push off academic 

tasks more easily, had greater access to distractions (e.g., TV, cellphone, getting on social 

media), and could engage in other tasks (e.g., making food). Several noted that it was easier to be 

attentive when in person and working at staying focused in the online environment helped them 

to build this skill in the presence of distractions.  

[. . .] definitely during 162 for being online, its so easy to just “Okay, we're not 

in person, let me just get on my phone, we're not really doing anything, let me 

just be distracted.” Or like, especially being at my house, I have to get out of 

my house, because, you know, there's a big TV in front of me, it's like, “Okay, 

let me just watch some TV or I can have it on in the background, I'll, I'll be 

focused”, and then it turns into I'm not actually paying attention [. . .]. The 

online learning especially uh 162 definitely, but online in general, like, really 

test your focus, too, because there's so many distractions at your own house, 

it's, it's tough sometimes. [. . .] especially if we were in an in-person lab, 

because you know, you can have your phone out and I, I personally leave it 

like, I don't even have it in my pocket, I would just leave it in my backpack. 

And I don't know, being in the lab setting, you just feel like, okay, I'm here to 

do an experiment, whereas if I'm sitting on my couch in my living room doing 

162 virtual lab, it's like, I don't know, I don't really feel like I'm in a lab like I 

am, but I'm not, you know, I don’t know, it's just a different vibe. (Morgan, 

Work Ethic, OL)  
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Limited interactions with teammates impacted Onyx’s ability to focus and stay on task.  

“Oh, I'd say, I mean, actually, great example is every, every single lab session 

[. . .] usually, I'll be not working on something for an hour or two, that's when 

I'll do like my math quiz or whatever, I'll take a nap, sometimes I'm really 

tired. Um, but... like, sometimes during that lab session, when nobody's 

talking, we're all thinking or writing or whatever, I'll like [. . .] snap out of it, [. 

. .] or I'll like zone off. Um, because just nobody's talking in the Zoom, I 

literally just, like stop writing, stop thinking about it. And that's an example 

of when I don't focus. [. . .] But [. . .] being able to go through a three-hour lab 

session where you're just sitting at your desk, that requires focus, especially 

when it's something that you're not particularly good at, um, that requires a lot 

of focus. [. . .] the most I've been away from my computer is probably like, 15 

minutes, grabbing food, making food, maybe and then bringing it to the 

computer, stuff like that. But um, the, the labs require a lot of focus. The 

three hour, three hours a day of chemistry, of actually being in the lab that 

requires focus for me, like, that's a lot of focus. And, and I and I still can't even 

like usually do it all. Like, I have to take that 10 minute break or whatever. 

(Onyx, Work Ethic, OL)  

Billie discussed how development of the work ethic subskills drive and self-motivation 

suffered online because they found the online course less enjoyable and sometimes confusing. In 

addition, there were many differences from their previous positive in-person experience in 

GCL1. Billie also stated that when they were in-person they had more of a drive to attend and do 

well in the course.  

“Honestly, I, I'm going to say 161 [participant utilized drive more], honestly, a 

little bit more, because I liked it a little bit better. I like just being in the lab 

experience and everything. It was honestly a lot of fun. Like, I really had, like 

a good time, like going to class. Like it wasn't a drag. And I also had like a 

good group too. So it was just like a win win in that class. I ended up having a 

really, like good time. But, um, I feel like when I enjoyed the class more, I had 
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more of a drive to go and more of a drive to like, do well in it, if that makes 

sense [. . .] So, [online] made it a little bit more confusing for sure. Just 

because there was just a lot of changes. I mean, it was completely different 

from you know, I mean, performing everything in a lab setting and being able 

to be there in person. It's just not the same experience. And it really, I think, 

put sort of a damper on the excitement. Honestly, like, I wasn't, I was just kind 

of like, "Oh, great, like, you know, chem, ahhh." Like, you know, it's just like, 

it's another three-hour meeting. I mean, there were times where I definitely 

like, didn't mind being there, or I wasn't like, you know, like, "This sucks," but 

I just um, I definitely think it didn't make it as exciting, if that makes sense.” 

(Billie, Work Ethic, OL) 

Studies have shown the effect external factors, such as the online learning environment, 

can have on student motivation and engagement (Aguilera-Hermida et al., 2021; Kinsky et al., 

2021; Means et al., 2020). An investigation by Aguilera-Hermida et al. into the motivation of 

students in behavioral and health science fields, across four different countries, saw a decrease in 

motivation after the shift to remote learning (Aguilera-Hermida et al., 2021). In another study 

conducted by Digital Promise & Langer Research Associates, capturing the perceptions of 

undergraduate students across the nation during the pandemic, it was observed that students felt a 

lack of motivation and decreased interest in their courses (Means et al., 2020). Taken together, 

with the results of this study, it can be observed that a lack of motivation and engagement due to 

online learning is not isolated to one discipline, affecting university students throughout higher 

education. This current study shows that these hardships can be framed in either a positive or 

negative light and depending upon student perception this can result in believing online to 

support or hinder work ethic skill development.  

Problem-solving & Critical Thinking Skills 

Many participants cited the lack of hands-on experiences as the reason the online environment 

hindered development of technical skills. In contrast, some participants discussed how not being 

able to carry out experiments forced them to think in different ways about how to explain 

experiments, which supported development of problem-solving & critical thinking skills.  
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[. . .] I feel like a lot of creativity is needed when it comes to writing any type 

of lab report or anything, because you have to look at a video of someone 

doing something and try and picture yourself in their place. [. . .] So, I feel like 

it takes an element of creativity to figure out the details of it and to figure out 

how to still learn something from the lab. [Later in interview] it has just really 

helped me be able to think from different points of views, not only the whole 

idea that is online, and it’s not me doing the lab, I have to pretend to be 

someone else doing it [. . .]. (Ash, Problem-solving & Critical Thinking, OL)  

[. . .] critical thinking, since we are not actually doing the lab, kind of just 

putting yourself in the headspace that you are doing the lab. (Corey, Problem-

solving & Critical Thinking, OL)  

[. . .] in this lab, since its online, its kind of, it not the critical thinking where I 

am necessarily solving a problem, but it’s the critical thinking of trying to be 

able to do and articulate and the planning docs, the notebook pages, how 

something would go based on what we have available to us online. [. . . ]. This 

is like critical thinking in terms of “How do I, how do I try to make it seem like 

I’m actually going through these motions and doing the experiment? (Onyx, 

Problem-solving & Critical Thinking, OL) 

Interestingly, while Ash discussed on how the lack of hands-on experiences in the online 

labs supported development of the problem-solving & critical thinking subskill of creativity by 

asking students to write about experiments from a different or distanced perspective, they also 

felt that development of the subskill of analytical thinking was hindered. Because student teams 

were given the same or similar data, they spoke of no longer having to rely on their own intellect 

or reasoning to support why they got the results they did.  

[. . .] when you’re given data and values for every trial, it also doesn’t help 

when you’re going to be getting the same data values. [. . .] So, even though 

we all do it individually [. . .] and the fact that everyone is within a certain 

range, you don’t really have to rely on your own trust and intellect, because 

everyone else is doing it already. [. . .] you’re not having to rely on that trust 
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and help explain to yourself why you’re right. (Ash, Problem-solving & 

Critical Thinking, OL)  

Alex was another participant who offered differing views on the impact of remote 

learning. They perceived that absence of opportunities to make mistakes while performing 

experiments, which was seen by another participant as a barrier to technical skill development, as 

hindering development of problem-solving & critical thinking skills as well as their 

understanding. 

[. . . ] because we’re doing everything online and we’re given the exact data [. . 

.] there’s no chance of human error. Like usually when we do it in a chemistry 

lab [. . .] there’s a chance that we may have, do a mistake and to fix it we use 

our presence of mind. [Later in interview] [. . .] labs are harder when it’s just 

visual [. . . ] you don’t get to understand the depth [. . .] (Alex, Problem-

solving & Critical Thinking, OL)  

However, by engaging in a new experience and having to focus more, the online learning 

environment provided an opportunity for Alex to apply their problem-solving & critical thinking 

skills.  

I would say it helped me, [. . .] because it's something different, I never did this 

before. [Later in interview] And [online] allowed me to think, think more 

critically, 'cause since like you have to focus more because it's not in, in 

person. I would say these two. (Alex, Problem-solving & Critical Thinking, 

OL) 

Although Alex felt an aspect of problem solving & critical thinking was hindered online, 

having the instructor there, following instructions, and watching the provided experimental 

videos multiple times helped them with these challenges.  

Similar to Alex, Jordan saw the lack of hands-on experiences as a barrier to problem-

solving & critical thinking skill development due to an inability to engage in data collection and 

learn through trial and error.  
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[. . .] I would like to [. . .] perform some of these experiments in person, just so 

I could see [. . .] if things went wrong in real life, how would I be able to 

handle them. Because everything’s so controlled here [. . .] you click a button 

and it gives you an answer. I think there is not really an opportunity to develop 

problem solving as well here. (Jordan, Problem-solving & Critical Thinking, 

OL)  

Finally, Reign reflected on the lack of agency in controlling how an investigation was 

carried out and associated it with impeding development of problem-solving and critical thinking 

skills.    

[. . .] cause everything is given to you, you don’t really have much, you don’t 

have the space to question anything because that’s all you have to work with in 

general. [. . .] I think in-person, it was like a, I guess I would call in-person 

freedom of being you get to choose how much of something you would use, 

like how much of a solution you would use or like what type of beaker or 

system you would put it on or like the process it through. Whereas [. . .] during 

the online labs, its kind of like, you have to use this kind of system and like 

these are these measured out things that are given to you that you have to work 

with. (Reign, Problem-solving & Critical Thinking, OL)  

The method of course delivery having an impact on student perceived ability to engage in 

problem-solving & critical thinking skills has been explored in the literature (Petillion & McNeil, 

2021). When comparing the differences in students enrolled in a laboratory section that 

employed either the use of livestreaming or pre-recorded experiments and their ability to engage 

in problem-solving & critical thinking, Petillion & McNeil found that students who were given 

pre-recorded videos were more apt to report negative or neutral experiences over the 

overwhelmingly positive experiences of their livestreaming counterparts.  

As noted, the issue with investigating problem-solving & critical thinking skills is how 

conceptually nebulous it is, lacking a clear definition (Bowen, 2022; Cooper, 2016). The findings 

of the study herein highlight the nuanced nature of problem-solving & critical thinking and how 

one participant can view different aspects of these skills in a positive or negative light.  
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Prioritization & Time Management 

Several students discussed prioritizing tasks and time management in the context of online 

laboratory learning. For two participants, the online laboratory courses supported development of 

prioritization & time management skills because for them it required a greater focus on 

deadlines. 

[. . .] in GCL2 [. . .] having it be online, I definitely need to manage these due 

dates, maybe more than I would have, as opposed to like a traditional in-person 

lab. So, that’s definitely something I’m, you know, learning and working on. 

(Aspen, Prioritization & Time Management, OL)  

And meeting deadlines, like if, where in person you do the notebook, you turn 

the notebook in like at the end of lab. Here, I have to do the notebook and then 

still like, like, there’s not that physical, like, necessity, where “Oh I have to 

turn it in.” Its like, oh, since its online, its like not as important to the mind, 

like you put it, you can, your mind puts it off more easily. Um, so it definitely 

helps with those skills for sure. (Onyx, Prioritization & Time Management, 

OL)   

Onyx viewed being physically present in the lab as an aide to remembering to submit 

assignments that was lost online. This experience may be supported by the literature that posits 

that physical spaces can be associated with tasks that need to be completed or memory recall 

(Lawrence & Peterson, 2016; Pettijohn & Radvansky, 2018; Radvansky & Copeland, 2006).  

Coordination of tasks online with teammates aided Morgan in developing time 

management skills. Morgan initially spoke of time management in the context of getting up early 

for their in-person GCL1 course but then pivoted to speak about how the switch to remote 

learning supported development of these skills. Operating in a different time zone from their 

teammates, Morgan spoke of having to navigate working on team assignments outside of 

scheduled lab meetings and  coordinating tasks for team assignments (e.g., poster presentation).  

And then, you know, totally redoing our poster to now we got to make a 

PowerPoint and present on a zoom and coordinating with different people, the 

people in my group, who all live in different places, and “Okay, we're all 
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gonna like get on a call at this time and work on the thing.” You know, 

keeping track of all that, all the moving parts [. . .]. (Morgan, Prioritization & 

Time Management, OL) 

Kai offered a contrasting perspective on the impact of online learning on time 

management skills, showcasing how online learning placed a heavier reliance on technology. For 

Kai, issues with their laptop prevented them from working efficiently and interfered with time 

management.  

[. . .] for time management, because again, I have a terrible laptop. [. . .] its 

been hard to work on some things and get it done quickly, because I can’t for 

the most part, I can only go as fast as my laptop will allow me. (Kai, 

Prioritization & Time Management, OL)  

Access to sufficient technology has been reported in the literature as a struggle for some 

students participating in the online learning environment (Bharadwaj et al., 2023; Means et al., 

2020). This highlights a salient equity issue during the pandemic, where not all students were 

able to access reliable technology to complete tasks, assignments, or participate in synchronous 

lectures or courses. Additionally, although Kai felt that virtual learning created obstacles for 

prioritization & time management skill development, they were able to relate coordinating team 

tasks in the course to supporting growth of this skill.  

Time management skills are recognized as an important skill for success in the online 

learning environment (Darby & Lang, 2019), in addition to being a pertinent 21st-century skill 

(National Academies, 2011). Participant responses presented above capture how students 

recognized the importance of time management skills when engaging in their online laboratory 

courses and the subsequent development that came from this.  

No Change or Impact to EDC Development Compared to In-person Learning 

A few participants thought that the online GCL1 and GCL2 offered the same opportunities to 

build SPCs as the corresponding in-person courses. For some participants the remote laboratory 

courses were believed to provide the same number of opportunities for development online as it 

would in-person. This was seen for almost all of the SPCs, including communication (n = 3), 

teamwork (n = 3), problem-solving & critical thinking (n = 1), priority & time management (n = 
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4), and work ethic (n = 3). Interestingly the participants who expressed these thoughts all came 

from OL learning environments and were primarily from the Fa20 data collection period. The 

findings may be reflective of students becoming accustomed to the online learning environment, 

either coming from remote learning in high school or continuing their college courses remote. 

Grey and Skylar are great representations of how the modality was perceived as having little to 

no influence on SPC development.  

[. . .] these like six skills [. . .] don't really change that much, just being like in 

this lab right now, because like, I think there's ample amount of room for 

teamwork and communication skills to improve just because you still are 

working with a group that doesn't change, like, just the fact, [. . .]  in my 

opinion that you're in person and stuff, like wouldn't really change that that 

much. And then, like managing time and priorities, I mean, all the assignments 

are still like due, it's not like we're getting like less, or at least to my 

knowledge, it's not like we're getting like a ton of less assignments or like stuff 

more spaced out, so yeah. (Grey, OL) 

Um, I don't really think it's like affecting skill development being online, just 

because you're still doing teamwork, you still have to communicate, you still 

have to problem solve, you still have to self-motivate yourself to do the work. 

You still have to manage your time properly. (Skylar, OL) 

One participant was in both camps of feeling that teamwork skills were on one hand not 

affected taking the course online, but on the other also believing virtual learning gave them 

opportunities for further development. Jordan felt teamwork did not differ greatly in the remote 

learning environment early in the interview, but as the interview progressed, they also spoke of 

how beneficial it was to learn how to work remotely in a team. This participant may show that 

being able to develop the skills of working with others remotely was just an added benefit to 

something that would otherwise remain unaffected.  

Implications 

Framing development within the context of a motivator (e.g., career goal) can support learning 

(Cavanaugh, 2016; National Academies of Sciences Engineering and Medicine, Division of 
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Behavioral and Social Sciences and Education, et al., 2018), and by placing a lens on the skills 

students perceive as valuable we can further focus on how these courses can contribute to 

development of these skills as a guide for future courses. Student experiences provided within 

this study show the pros and cons of an online learning environment and SPC development. With 

some students believing that engaging in the course virtually provided support for development 

of SPCs, it can be observed that online learning can provide beneficial experiences for students. 

We believe that these experiences can reach larger audiences through instructors framing the 

learning environment in a beneficial way that can aid students in recognizing development, 

regardless of the modality.  

Online learning was a new experience for many students and instructors alike during the 

pandemic and although campuses have since returned to in-person learning there has been a 

culture shift both in higher education and the workforce towards incorporating more hybrid 

experiences. Educators play an integral part in shaping student perceptions of the learning 

environment and the potential gains that can be had from a course, and through recognizing and 

leveraging opportunities that can have a positive influences on skill development, students can 

become aware of and engage in potentially beneficial experiences. Especially seeing as instances 

such as collaboration on global levels is a necessary component of many modern careers, being 

able to learn valuable skills such as communication and collaboration virtually can assist 

students in being successful in today’s workforce.  

Reflecting upon instances in which students experienced struggles online offers 

additional opportunities for growth. Pursuing different avenues such as virtual reality may offer 

beneficial opportunities for students to continue to get acquainted with laboratory skills and 

techniques  (Williams et al., 2022) that could help students maintain a sense of technical skill 

development when operating remote. Other areas that could improve include providing more 

resources and guidance that may help students navigate the difficulties of teamwork online 

(Donelan & Kear, 2023), resulting in greater support for communication and teamwork skill 

development.  

Integration of online learning strategies can be seen as favorable due to being able to 

accommodate more students in response to a shortage of in-person seats (Enneking et al., 2019), 

provide a cost-effective solution to mounting costs of maintaining traditional labs (Ma & 

Nickerson, 2006), and answer an increased demand for distance-learning courses (Allen & 
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Seaman, 2013). This push for more remote laboratory learning experiences further emphasizes 

the need for curricula reform that can deliver student learning goals while also providing 

opportunities to develop valuable career competencies in preparation for future careers.  

Conclusions & Future Directions  

Despite online learning, participants were still able to cite multiple instances of  developing 

valuable 21st-century skills. This mode of learning offered students’ ways to develop employer-

desired competencies through learning in unexpected circumstances but provided many 

challenges and difficulties to learning these important skills as well. Technical skills were the 

most heavily impacted, with many students reporting a lack of development due to absence of 

hands-on in-person experiences. For the remaining skills of communication, teamwork, problem-

solving & critical thinking, prioritization & time management, and work ethic skills participants 

were split between three perceptions of development: online supporting, hindering, or not 

changing opportunities to develop these skills. Considering the variety of perspectives 

participants shared on remote learning in the laboratory and skill development, it is apparent that 

online learning affected participants differently with no clear pattern beyond the noticeable 

deterrent of technical skills. This is possibly because hard skills, such as technical skills, are 

concrete and tangible (Rockwood, 2021), leading to a shared perception of the impact online 

learning had on development. Whereas soft skills, such as teamwork and communication, are 

harder to define and more subjective, resulting in more contrasting and differing opinions.  

Another aspect captured in student responses was that how a participant viewed adapting 

to the remote learning environment (e.g., as either a positive learning experience, negative 

learning experience, or indifferent) seemed to influence how development was perceived 

(supported, hindered, or no change). The ability to adapt to these changing circumstances has 

been proposed to be a potentially beneficial attribute for workforce success (Kinsky et al., 2021). 

In-person and online classrooms would benefit from instructors pulling students attention to the 

potential gains each course modality can offer and ways in which students can expect to engage 

in EDC development.  

While measuring skill development or application was not a goal of this study, 

developing an instrument or method to more accurately determine whether development is 

occurring would be advantageous. Much work has been done prior in this area (National 

Research Council et al., 2011), however, more work in this field is needed. Although education 
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is continually transforming, using streamlined methods to measure skill development would 

greatly aid educators in determining the best pedagogical practices and course modalities to use 

to ensure adequate career preparation for the 21st-century.  

Limitations 

Technological issues plagued interview transcripts at inconsistent intervals, causing portions of 

interviews to be cut or incoherent. Because of this there were issues transcribing the interviews 

and ultimately portions of excerpts were lost during analysis. Due to these problems, some 

thoughts reflected by participants may not have been accurately captured. With a reliance on 

technology to participate in this study, access to proper WiFi, internet, or technology could have 

been a problem that occurred when recruiting students. Limited access may have been a 

determining factor in whether a participant felt they could participate in a remote interview, 

causing some students to not be included in the sample.  

We also acknowledge that the graduate teaching assistants responsible for the online 

courses could have had an impact on student experiences. Some teaching assistants could have 

taken a more relaxed approach to teaching online by interacting little with their students and 

providing baseline information, whereas others may have had the goal to interact with students 

as much as possible in the zoom rooms and provide rich resources to make sure students excelled 

in the course. As we did not control for or investigate these variables, we cannot speak on how 

the teaching assistants affected the learning environment. However, being that the instructor can 

set the tone of the classroom, this could have been a key component to why students reported 

some of these experiences, even if they did not explicitly mention it. 

Even though no statistically significant differences were found in SAT scores between 

interview participants and those who did not participate, interview participants still may not be 

representative of the general student population in the course. Additionally, using methods of 

data collection based on volunteer participants can introduce bias, generating inaccurate or 

conflated results (Remler & Van Ryzin, 2015). Many of the results above represent the 

viewpoints of a small number of students in comparison to the course, however, as seen above 

these participants are representative of diverse viewpoints. All these limitations were taken into 

consideration when presenting the results of this study. 
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APPENDIX 

A.V.1. Participant Demographics  

Table 5.1. summarizes demographic data for participants. Gender reported within this study may 

not be reflective of a participant’s identity. This is acknowledged and is used with the intent to 

provide contextual information to build a complete picture of the case.  

Table 5.1. Demographics of interview participants; number of participants, n (%). 

Demographic  

Learning Environment 

Emergency Remote Learning Transition Online Learning Total 

Course  

GCL 1 9 (39) 18 (60) 27 (51) 

GCL 2 14 (61) 12 (40) 26 (49) 

Legal Sex 

Female 13 (56) 17 (57)* 30 (57)* 

Male 10 (44) 12 (40)* 22 (42)* 

Class Standing  

Lower Classman 19 (83) 20 (67)* 39 (75)* 

Upper Classman 4 (17) 9 (30)* 13 (25)* 

Age Ranges 

18-20 22 (96) 28 (93)* 50 (96)* 

21-23 1 (4) 1 (3)* 2 (4)* 

Mean 18.8 18.9* 18.9* 

Career Goal 

Health & Medical 

Professions 
16 (70) 17 (57) 33 (62) 

Engineering & 

Subspecialties 
2 (9) 8 (27) 10 (19) 

Other Careers 5 (22) 5 (17) 10 (19) 

*Denotes one US20 participant who had no registrar data on file. This is reflected in the annotated numbers above. 

†Class standing is based on credits completed, with lower classmen completing <56 credits (considered Freshman & 

Sophomore level) and upper classmen ≥56 credits (considered Junior and Senior level). §Percentages may not be 

equal to 100 due to rounding. 
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A.V.2. Chi-square Test Results Comparing Course Modality to Skills Recognized as 

Needed for Career Goal 

The outcomes of chi-square test of association for each individual SPC referenced in the main 

chapter are presented below. Statistical methods used in this study and the guidelines employed 

are fully detailed in Chapter VI.  

Table 5.2. Chi-square analysis of association between whether a student recognized a skill as 

prevalent to their career goal and course modality. 

Student-perceived 

Competency 

Chi-square Test 

Value Significance 

Communication 

Skills 

— 0.640 

Teamwork Skills — 0.686 

Work Ethic Skills — 0.397 

Problem-solving & 

Critical Thinking 

— 0.686 

Prioritization & 

Time Management 

— 0.105 

Technical Skills 1.588 0.684 

*Test values denoted with an em dash (—) reference comparisons in which cells in the contingency table had values 

less than 5, facilitating the need to use the Fisher Exact Test resulting in no chi-square test values, only significance 

being reported. 
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A.V.3. Influence of Online Learning on SPC Development  

When speaking of how online learning affected SPC development, students shared a variety of 

experiences that contributed to believing virtual learning supported (Table 5.3) or hindered 

development (Table 5.4). Themes explored below are not mutually exclusive and can co-occur 

within a participant’s response.  Additionally, all themes observed below have been described 

and discussed within the main chapter. This section is for those who wish to observe the 

frequency of each code occurrence.  

Table 5.3. Perception of how virtual learning in the laboratory supported SPC development (n). 

 Student-perceived Competency (SPC) 

Reason Online 

Learning Supported 

Development 

Communication 

Skills 

(n = 5) 

Teamwork 

Skills 

(n = 3) 

Work 

Ethic 

(n = 5) 

Problem-

solving & 

Critical 

Thinking 

(n = 4) 

Prioritization 

& Time 

Management 

(n =3) 

Learned to Adapt/Be 

Flexible 

3 3 — 3 2 

Lack of Hands-on/ 

In-person Learning  

1 — 1 3 — 

Harder to 

Communication/ 

Collaborate 

2 1 — — — 

Lack of Communication/ 

Collaboration 

— — 1 — — 

Lack of Motivation — — 3 — — 

Distracting Home 

Environment 

— — 2 — — 

Lack of Focus — — 1 — — 

More 

Difficult/Challenging  

— — 1 — — 

Lack of Interest, 

Enjoyment, & 

Engagement 

— — 1 — — 

Lack of Learning  — — — 1 — 

Confusion — — — 1 — 

Having to Focus More  — — — 1 — 
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Table 5.3 (cont’d) 

Importance of  

Communication Online 

1 — — — — 
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Table 5.4. Perception of how virtual learning in the laboratory hindered SPC development (n). 

 Student-perceived Competency (SPC) 

Reason Online 

Learning Hindered 

Development 

Communication 

Skills 

(n = 4) 

Teamwork 

Skills 

(n = 3) 

Work 

Ethic 

(n = 2) 

Problem-

solving & 

Critical 

Thinking 

(n = 6) 

Prioritization 

& Time 

Management 

(n = 1) 

Harder to 

Communicate/ 

Collaborate  

1 1 — — — 

Lack of Hands-on/In-

person Learning  

— 1 — 5 — 

Lack of 

Communication/ 

Collaboration 

1 1 — — — 

Presentations Were 

Challenging & 

Difficult  

1 — — — — 

More Individual 

Learning Experience 

1 1 — — — 

Lack of Motivation — — 1 — — 

Confusion — — 1 — — 

Lack of Enjoyment,  

Interest, & 

Engagement 

— — 1 1 — 

Empathetic Towards 

Why Hardships 

Occurred 

2 — — — — 

Lack of Learning  — — 1 4 — 

Lack of 

Understanding  

— — — 1 — 

Instructor & Videos 

Helped Overcome 

Challenges  

— — — 1 — 

Technical Issues — — — — 1 

 

 

 



 230 

A.V.4. Technical Skill Development Comparison Based on Modality  

Below are the excerpts used to determine the pattern between technical skill development 

reported by students in emergency remote learning transition (ERL) or online (OL) learning 

environments.  

Emergency Remote Learning Quotes 

Used Laboratory Techniques & Instruments in Class 

• [. . .] Just like being able to collaborate with others. And then some of the lab skills I 

probably need again, like just like the actual lab techniques of like, things that we work 

on in class.” (Indy, worked on physical lab techniques in course) 

• So far, yes. Um, being just in Chem 161, like I was introduced to a lot of new materials, 

like a lot of new equipment that I didn't know about. Um, one of them specifically was 

like the spectrometer, which I was like, "What is this?" and like how to work it, but 

in my lab group like I would always be working it because I got the hang of it really 

fast. So I would definitely say it's very helpful. Um, you just have to like, be listening, 

willing to pick up quickly, and like ask questions when needed. (Sam) 

• I think getting to use this, this professional equipment like the spectrometers that was that 

was pretty cool. Just being able to see how that worked and, ah... Just sort of getting a 

general idea of the kind of equipment that they use in the actual academic scientific 

world. And sort of being able to make, draw conclusions from the data that we collect. 

Rather than just seeing it and looking at a bunch of spiky lines, we actually understand 

intuitively, like, what the meaning of the data is [. . .] (Stevie) 

Did Not Expand on Type of Technical Skills Developed 

• I do think so yeah, especially technical skills, cuz there's a lot of new things that now I 

know how to do that I didn't originally know how to do. (Taylor) 

• I think that, um, developing professional and technical skills is very important because 

that's, you know, more of the work you're doing. Um, making sure that's correct. And I 

think that when we're working in 161, doing everything that you're doing correctly is a 

big part of it, because those are your results that you're going to be using. And like, 

obviously, you want to get it right. (Rowan) 
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Online Learning Environment Quotes  

Building Knowledge of Techniques & Instruments  

• And that applies to chem lab too. So for example, I learned how to do a spectroscopy. So 

next time, you know, I'm tasked with doing a spectroscopy, I don't have to start from 

scratch. And I kind of have a knowledge base of where to go from there. So that's 

also, um really useful. (Jordan)  

• Okay, so yeah, I would definitely say that that's going to help with future, for sure. And, 

um, and now, I mean, if I didn't know how to use, like, if I wasn't educating myself on 

ah, filtration, how to do filtrations and things like that I, you know, I have to 

definitely know how to do it before performing it and stuff. So having that skill is super 

important. (Billie) 

• No, I feel like these things, it comes like from excessive reading, having a 

background about things, I feel like these comes like you learn them in the course, you 

learn how to do these things in the course. You've like, after, like a few labs, you realize 

that you developed these critical thinking and problem solving. I don't feel like someone 

comes up, “oh, I have, like, I know how to critically solve this," or, like "I have these 

techniques," I feel like these are things you learn in the course lab, whether you 

learn them in the course, or like from previous times you need to, like you develop 

these things.[Asked by interviewer if they will ever stop learning these skills]. Um, no. I 

feel like I'm still learning, especially in the CEM 161. Like, there's a lot of technical 

skills I really don't know. (Blake) 

• I do feel like technical skills. Mainly because, like, for some of the things like 

experiments and stuff we've done, like, I had no idea like, what some of the like, areas of 

science or whatever we, wait, what like I had never learned some of that stuff before, so 

then going into I was like, "Oh my god, like I don't even know what this is. And I'm 

about to do an experiment on it" ,kind of thing, but I think like going through the process 

and working with others, like I learned so much like and I can like yeah, I feel like I was 

able to learn those technical skills and like equations and how to solve like, some math or 

just like the thinking skills that you might mean or stuff like that, like basic facts I 

definitely learned throughout the whole process of like the experiment when at the 

beginning, I might not have known. (Codi) 
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• Technical skills, I feel like having background about like, the equipment we're going to 

use or like being able to imagine what equipment we'll use or like how to use, like 

whether it's Logger Pro, or Excel in Microsoft that really helps in the course, 161, and 

like how to finish things. (Blake) 

Used Software  

• Yeah. So basically, the other day, I had a friend she was she was like, she had a lab. She's 

basically taking CEM 161. And like, she had a lab where after class, she had, like, the 

graphs you need to do in Logger Pro. And she had, she was like, really confused in 

how to do the Logger Pro. So based on the technical skills I learned in CEM 161, I 

was able to fix the problem she had and show her like, how to do it. So it really, like 

it really helped helped her like to solve these things. And especially in Excel where, 

like, I live like with three roommates, my other roommate like she she didn't know 

like how to use Excel and like, based on how the TA showed us like how to use it. 

Like, I feel like it really helped, helped, like helped me and help my like, the girls, I 

helped like how to solve them. So yeah, there's like, and like in, to really, to really like to 

me, like technical skills have helped me. Like basically, I didn't know how to use Excel, 

like, on a personal level, I was really confused on how to use it. So I went to one of the 

office hours, and I learned a lot like on how to use and how like to guide it. And like how 

to, like, it's like how, like how to use it in general, because I didn't have like a lot of 

background information about it. So it really helped me in my daily life. (Blake) 

• Well, I do feel that I am going to need them like if I'm going to work as resear- research 

assistant, or like a lab assistant. Because the technical skills I learned here, it really 

helped me in a lot of things in how to use Excel Microsoft, which I believe will help in 

any future job I"ll have, or in like daily life. So I do believe that technical skills help. 

(Blake) 

• And, um, technical skills. Yeah, I mean, like, if I didn't have that, I guess I wouldn't be 

able to do things like, I don't know, I think of software when I think of technical. I think 

of all the software that we use for it, if I didn't know how to use it, then I wouldn't be 

thriving, you know, I guess. (Billie) 
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Recording Observations 

• I feel like clear communication and recording of stuff, I feel like labs require you 

extensively to know your observations, which I think it's gonna be really useful, at least 

in my career choice, like really observe what's going on, and take detailed, yet concise 

notes on them. (Arbor) 

Did Not Expand on Type of Technical Skills Developed 

• Um, and then I would say a little bit of technical skills, this is more about mindset. 

(Casey) 

• And I mean, yeah, technical skills (Parker) 

• Um, and, yeah, all those skills can be found, I think, in some small way, at least for the 

ones that aren't super applicable. But they all come up, for sure. (Onyx) 

• Definitely, developing professional and technical skills [. . .](Arbor) 
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CHAPTER VI: SURVEY RESULTS & FINDINGS: COMPARISON TO INTERVIEWS 

& EXPLORING NEW LINES OF INQUIRY 

Introduction 

While interviews allowed for in-depth investigation of the skills students believe are necessary 

for their career goal and developed within the general chemistry laboratory courses, the mixed-

methods analysis of survey data reported in this chapter will provide a more general overview of 

student perceptions from a broader sample of students. The quantitative analysis of closed 

questions and qualitative analysis of open-ended questions presented in this chapter will 

supplement the findings from interviews reported in Chapters IV and V. Survey administration 

also allowed for exploration of additional lines of questioning outside the scope of the 

interviews. The results reported in this chapter have the primary goal of contributing to a more 

complete picture of student ideas about the skills needed for their career goals and their 

perceptions of opportunities for development within two project-based general chemistry 

laboratory courses.  

Research Questions 

Research questions explored in Chapters IV and V, accompanied by additional areas of inquiry 

not previously explored, guided the investigation in this chapter: 

1. (RQ1) What skills do students believe are needed for their career goal, and how do these 

skills align with employer-desired competencies (EDCs)?  

2. (RQ2) What relationships, if any, existed between student perceptions of valuable career 

competencies and student characteristics, such as career goal, prior experience and 

exposure to career goal, first-generation status, and class standing?  

3. (RQ3) How do students relate course components and activities in a project-based 

general chemistry laboratory learning environment to skills perceived as necessary for 

their planned career?  

4. (RQ4) What relationships, if any, existed between student perceptions of development of 

valuable career competencies within the general chemistry laboratory courses and student 

characteristics, such as career goal, prior experience & exposure to career goal, first-

generation status, and class standing? 

5. (RQ5): What impact did the online learning environment have on students’ perception of 

skills considered valuable for their future career and their perceived ability to develop 
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these student-perceived competencies (SPCs) in project-based general chemistry 

laboratories? 

6. (RQ6): How did introduction of EDCs in course materials contribute to building student 

awareness of EDCs?  

Methods 

The following section will explore the methods used to analyze survey data in two parts. Part 1 

will outline the methods used prior to analyses of survey responses. This includes outlining 

survey administration (e.g., when the surveys were administered and eligibility criteria), 

demographics (e.g., overall sample distribution, determining if there is a significant difference 

between demographics of survey samples, and comparison to interview participant 

demographics), and survey protocol (e.g., lines of inquiry followed in survey questions and 

connection to interview protocol).  

Part 2 then explores the outcomes of survey responses. This section will include the 

statistical methods used in analyses of 1) multi-response testing (e.g., selection of skills 

compared against student characteristics), 2) multiple choice testing (e.g., choice response 

compared against student characteristics), and 3) rank testing (e.g., how a skill was ranked 

compared against student characteristics). Application of qualitative methods to analyze open-

ended survey responses will conclude this section. SPSS 27.0 software was used for most 

quantitative data management and statistics reported in this study (IBM Corp, 2020), while 

MAXQDA was used for qualitative analysis of all open-answer responses (VERBI Software, 

2021).  

Part 1. Data Collection & Demographics 

Survey Administration & Sample Selection 

Survey questionnaires were generated and administered through Qualtrics for Fall 2019 (Fa19), 

Spring 2020 (Sp20), Summer 2020 (Su20), Fall 2020 (Fa20), and Fall 2021 (Fa21) semesters 

(Qualtrics, 2023) and Desire2Learn (D2L) for the Sp21 semester (Desire2Learn, 2023). In all 

semesters except Fa21, students enrolled in General Chemistry Laboratory 1 and 2 courses 

(GCL1 and GCL2) were invited to participate via email near the end of each semester and were 

given a week to complete the survey (~7 days). The Fa21 survey administration consisted of two 

parts, an Initial Reflective Assignment (IRA) near the beginning of the semester and a Final 

Reflective Assignment (FRA) near the end. Reminders were sent to students approximately 
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halfway through the survey administration window to notify those who had not yet opened or 

completed a survey that the opportunity to participate was still available. All data collection was 

conducted under approval by the Institutional Review Board (IRB) and determined to be exempt. 

Age of consent to participate in surveys was 18 years old and older. Participant ages were 

verified using registrar information, and participants under the age of 18 or with no registrar 

information on file during the time surveys were administered were removed from the sample. 

All students had been sent an email outlining their rights as a participant and the option to opt-

out of the study at the beginning of each semester. They were also provided a brief overview of 

the study at the start of every survey.  Students who opted out of the study or were ineligible 

because of age were still eligible to receive extra credit upon survey completion, but their data 

were removed from any analyses and subsequent findings associated with this study.  

The response rate for this study (A.VI.1) was relatively high for most semesters (>

55%), compared to an average online survey response rate of 44.1% (Wu et al., 2022). This was 

not the case for all semesters, however, as Sp21 returned a low response rate of 22%, possibly 

due to the use of a different platform and mode of solicitation that semester. During Sp21, the 

platform used to administer the survey changed from Qualtrics to D2L. Students were also no 

longer notified or reminded of the opportunity to participate through email solicitation from the 

research team. These factors could have caused a barrier to survey visibility, resulting in a 

decreased response rate in comparison to other semesters. Although low response rates may be 

thought to be associated with inadequate representation of the population, they have not been 

found to be detrimental to research studies and have been reported to result in similar findings to 

studies with high response rates (Wu et al., 2022).  

Prior to conducting statistical analyses to investigate student perceptions of skill 

development within the general chemistry laboratory courses and the relevance of these skills to 

their future career goals, the data collected underwent a thorough cleaning process. This was 

done to ensure that participants who opted out of the study or  were under the age of consent as 

well as duplicate participants and those who returned incomplete surveys were removed from 

data analyses. Complete information pertaining to the method of participant removal can be 

found in appendix (A.VI.2). After data were cleaned based on the guidelines outlined in 

appendix (A.VI.2), pattern analysis was run on each semesters’ dataset to determine the general 

trends of incomplete or missing data for the 1) overall survey and 2) individual questions. 
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Missing values patterns varied per semester and ranged from expected to random patterns. In all 

semesters two predicted response extremes were seen: 1) responding to all questions or 2) 

leaving all questions blank. The primary pattern observed for all survey administrations were 

those in which all survey response items were complete (excluding optional responses). A 

synopses of these general trends and associated figures can be found in Appendix A.VI.3.  

Once missing values were identified, case-wise deletion was performed in which all 

participants who had one or more missing responses were removed from the sample (Carpenter, 

2020). Participants were removed in such a manner due to the intimate relationship between each 

successive question in these surveys and the necessity of having all data present to formulate a 

clear and concise picture of participants’ beliefs and experiences.  Multiple imputation, in which 

different methods are used to fill in missing values, was not conducted to retain the individuality 

of participant responses that underlies the primary goal of this research. After identifying and 

removing participants that fit within each of the categories outlined above, the final sample was 

obtained and used for further analyses (A.VI.2). To ensure that those who were represented in 

survey findings did not differ from the remaining student body who did not participate, SAT 

composite scores of each group were compared. No significant differences were found 

(Appendix A.VI.4).  

Demographics of Survey Participants 

All demographic information was obtained from registrar records. A total of 5,134 survey 

participants were included in this study. The Fa21 sample contains both Fa21 IRA and FRA 

participants combined, with students who took both surveys during this semester only being 

represented once. In contrast with the interview population, the survey sample across semesters 

contained a majority of participants from GCL1 (n = 3,848, 75%) and was more representative of 

the ratio of the GCL1 to GCL2 student population, in which GCL1 is a much larger course. 

Approximately equal representation from each course was sought in the sampling used for 

selection of interview participants. In addition, the availability of volunteers to complete 

interviews influenced the final sample.  

Class standing, legal sex, and first-generation status of the survey sample were similar to 

interview participants, being primarily lower classmen or those classified as having freshman or 

sophomore status (n = 4,036, 79%), a majority female (n = 3,087, 60%), and mostly continuing 

generation students (n = 4,035, 79%). The mean age of survey participants was 19.2 years, which 
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was marginally higher than interview participants (18.9). The distribution of race and ethnicities 

across the six semesters was Asian (n = 438, 8%), Black or African American (n = 344, 7%), 

Hispanic/Latinx (n =283, 6%), International (n = 253, 5 %), White (n = 3,505, 68%), and Other 

(n = 311, 6%). The small number of participants identifying as American Indian/Alaskan Native, 

Hawaiian/Pacific Islander, two or more races, or not reported prompted the creation of an 

“Other” category to encompass these ethnicities. This was done for ease of reporting and 

statistical testing and does not indicate that students of these race/ethnicities should not be 

celebrated and recognized as distinct cultures. A complete breakdown of interview and survey 

participant demographics is located in Appendix A.IV.5.  

Chi-square test of association (𝜒2) was used to determine if there was a significant 

difference between the distribution of gender, first-generation status, class standing, and 

ethnicity/race across semesters. This method of testing detects differences in the distribution of 

categorical variables by comparing the frequency of observed and expected counts (Frost, 2020; 

Reid, 2022). To maintain the null hypothesis (H0) that no relationship is present between 

variables, the frequencies of expected and observed counts would not differ significantly. In 

contrast, rejection of the null hypothesis would support the alternative hypothesis (H1) to be true, 

signifying that observed values differ significantly from expected counts and a relationship is 

present between the two variables. The outcomes of these tests were reported using Yate’s 

Correction for Continuity for traditional 2 x 2 contingency tables or Pearson Chi-square values 

for tables greater than 2 x 2. Further assumptions needed to satisfy use of this test are provided in 

A.VI.5. Prior to interpreting significant values, adjustment of p-values was necessary, as 

multiple comparisons were tested on these data. Multiple comparisons are known to increase the 

likelihood of Type I errors, in which the null hypothesis is falsely rejected, or false positives are 

detected (Liu, 2022). The prevalence of Type I errors is dependent on the number of hypothesis 

tests being run on a data set, with the chance of false positives increasing with an abundance of 

testing due to chance variability in the data and not the presence of true significance in 

relationships between variables.  

To control for the occurrence of Type I errors, the Benjamini-Hochberg control for false 

discovery rate (BH-FDR) was used to adjust p-values of all primary hypothesis test values 

included in this study, and the Bonferroni family-wise error rate (B-FWER) method was used to 

further adjust for post hoc comparisons. Post hoc comparisons within this study included 



 239 

multiple comparisons within ANOVA hypothesis tests and adjusted residuals that were the 

outcome of chi-square tests of association. The exception to applying a p-value adjustment was 

when p-values were obtained to satisfy assumptions for the use of a hypothesis test (e.g., 

Levene’s Test for Homogeneity). Since testing assumptions is a prerequisite to justify the use of 

a statistical test or reported test value, rather than a primary result of a hypothesis test, p-value 

adjustment was not necessary. Each test mentioned above will be explored in greater detail 

within the section in which it was applied. A brief explanation regarding the methods behind 

Benjamini-Hochberg’s FDR and Bonferroni’s FWER is found in A.VI.6. Any values reported in 

this study are the result of these adjustments.  

Risks of adjusting p-values for multiple comparisons can include over-correction or 

under-correction (Porter, 2018). The BH-FDR method is known to be more forgiving in allowing 

the emergence of false positives, while the B-FWER method has a higher likelihood of 

producing more false negatives, or incorrectly identifying significant findings as insignificant. 

Additionally, by reducing the chance of Type I errors, we acknowledge that the probability of 

Type II errors increased. This occurs as a result of controlling for one error increasing the 

prevalence of another. Type II errors falsely maintain the null hypothesis when true significance 

is present.  

After adjustments were made to p-values, results that maintained significance facilitated 

the use of further testing to determine how small or large the difference was using effect sizes. 

When conducting quantitative tests, it is not sufficient to rely on significance of p-values alone. 

P-values only detect if differences are present between variables, but do not tell us the size of the 

difference (Sullivan & Feinn, 2012). Relying solely on the significance of p-values can pose a 

threat to research because a result can be significant but if the difference between the two 

variables is very small due to aspects such as random variances in large sample sizes, then the 

significance no longer has value.  

Sample size has a direct effect on significance, in which larger samples are more likely to 

result in detection of statistical significance (Kline, 2004; Sullivan & Feinn, 2012). Although 

effect size is independent of sample size, an association has been found by Slavin & Smith, 

where they reported small samples tended to result in large effects and larger samples are more 

likely to produce minimal or small effects (Slavin & Smith, 2009). Effect sizes are used to 

determine the magnitude of difference for significant p-values and can give weight to whether 
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research findings have practical value or are limited in application (Verma & Verma, 2020). 

Each statistical test relies on different methods and guidelines for computing and interpreting 

effect size. The guidelines outlined in Appendix (A.VI.7) were applied to analyses and 

interpretation for all effect sizes reported in this study. This table (Table 6.18 in A.VI.7) 

contains the tests in which specific effect sizes are applicable, along with ranges that guide 

interpretation of the strength of the relationship. For all effect sizes the following strength of 

association is related to the magnitude: small effect = weak association, medium effect = 

moderate association, and large effect = strong association. 

As stated by Cohen, the magnitude of the effect size must be interpreted based on the 

field or context in which the research is applied. Guidelines provided for effect size must be used 

with caution, “as a general frame of reference for [effect size] and not to take them too literally” 

(Cohen, 1988, p. 224). Effect size as used within the confines of this study was not aimed at 

stating the value of an intervention that has practical application, where medium to large effect 

sizes are of high importance. This exploratory study used large samples, so small effect sizes 

were investigated. Results are not meant to be used to compare curricula or establish correlation 

between curricula and measurable development of EDCs. Future studies could incorporate 

hypothesis testing to aid in decisions on what learning environments would best support EDC 

development in the classroom. 

If significance was found, accompanied by a sufficient effect size based on the 

parameters of this research (small, medium, or large), post hoc tests using adjusted standardized 

residuals (referred to as adjusted residuals) were used to determine which variables contributed 

to significance. Adjusted residuals of chi-square tests account for the difference between 

expected and observed values for each cell of the contingency table, and values above or below 

the critical value are contributing factors (Agresti, 2013). The widely accepted critical value of 

adjusted residuals is ±2; however, based on adjustments made to critical values to account for 

multiple comparisons, these values will vary throughout this study. Positive values exceeding the 

Bonferroni adjusted critical value indicate the observed cell count is statistically greater than 

expected, while negative values that fall below the critical value signify that the observed cell 

count is statistically lower than expected. The Bonferroni method was used to adjust the 

threshold for considering cell counts to be of significance. This method is further outlined in 

A.VI.6. The outcomes of these adjustments are reported with the results. Use of adjusted 
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residuals was only applied to tables greater than 2 x 2, where determining the factors 

contributing to significance was more difficult than traditional 2 x 2 contingency tables. SPSS 

27.0 software was used for data management and calculating most quantitative values reported in 

this study (IBM Corp, 2020).  

Applying the methods outlined above to participant demographics, there were no 

significant differences found across semesters for gender (𝜒2 = 9.928, p = 0.213, df = 5) or first-

generation student status (𝜒2 = 8.449, p = 0.319, df = 5). However, significant differences were 

found for class standing (𝜒2 = 90.000, p = 0.006, df = 5) and ethnicity (𝜒2 = 52.276, p = 0.006, df 

=25). The effect size for ethnicity was determined to be negligible (V =  0.045) and most likely 

attributed to large sample sizes. Class standing was found to have a small effect size (V = 0.133) 

indicating a weak association between semesters. Adjusted residuals attributed the difference to 

samples from Su20 and Fa20 semesters. Su20 had smaller frequencies of lower classmen (or 

those classified as freshman and sophomore status based on credits) and higher frequencies of 

upper classmen (or those classified as having junior and senior status based on credits) compared 

against all other semesters (A.VI.5). This same trend was found to a lower magnitude when 

comparing Fa20 to Fa19, Sp20, Sp21, and Fa21 samples (A.VI.5).  Due to Su20 being a summer 

course taken out of the normal progression of traditional fall and spring semesters, this finding 

was expected. Generally, the course is mostly comprised of lower classmen, but students often 

take summer courses to catch up on previously missed prerequisites or to get a head start on 

completing credits. This can result in an anticipated change in the usual makeup of the course 

and subsequent sample demographics.  An additional contributing factor may be that there was a 

consistent shortage of available seats in GCL1 causing a backlog of students who were unable to 

enroll in this course during their first year. This in combination with the increasing size of 

incoming classes may have resulted in larger amounts of those classified as upper classmen 

being represented in the Fa20 semester survey sample.  

To test for differences in mean age across semesters, one-way analysis of variance 

(ANOVA) was used. Following the same assumptions as the independent samples t-test, one-

way ANOVA detects if there is a statistically significant difference between the means of a 

dependent continuous variable (e.g., age) against an independent categorical variable with more 

than three groups (e.g., semester) (Evans, 2022; Frost, 2020; Gravetter & Wallnau, 2017). Use of 

ANOVA requires the assumption of normality. Traditional tests for normality (e.g., Shapiro-
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Wilk and observation of Q-Q plots) were not applicable within this study due to our sample sizes 

being large enough to follow the central limit theorem (n >30) and normality was assumed. 

Additionally, since GCL1 and GCL2 are intended as first- and second-year introductory courses, 

the distribution of ages followed a predictable pattern of being heavily concentrated in the late 

teens and early twenties age range.  

The second assumption to be met was the Levene’s test for homogeneity of variances. 

This assumption states that the distributions of ages are equal or similar to one another. Results 

found this assumption was violated (p = 0.001), prompting the use of Welch’s statistic, 

accompanied by Games-Howell post-hoc analysis to determine which groups were responsible 

for the difference (Gray & Kinnear, 2012; Huizingh, 2012; Lee & Lee, 2018). Although there 

was a statistically significant difference between the mean age across semesters (F = 15.835, p = 

0.006, df = 5, 728.49), the difference was small (𝜂2 = 0.027). Post hoc analysis found the 

differences to be the product of Su20 and Fa20 semesters where the mean age was slightly higher 

than the Fa19, Sp20, Sp21, and Fa21 semesters (A.VI.5). This could be related to the higher 

distributions of upper classmen seen in these semesters, resulting in a higher mean age.  

In summary, the differences found across survey sample semesters were not stark, and 

the samples were relatively similar. The statistically significant differences that were found were 

small and expected (e.g., Su20 semester). Additionally, beyond the differences seen in the 

distribution of interview and survey participants being sampled from GCL1 and GCL2, the 

overall distribution of demographic variables across the methods used in this study remained 

relatively consistent.  

Survey Protocol 

Survey questioning followed the same general outline as interview questioning (Chapter IV) by 

probing students’ anticipated career goals, skills needed for their anticipated career, skills 

developed in the general chemistry laboratory courses, and experiences surrounding how these 

skills were developed. Survey questions with the corresponding response type can be found in 

Appendix (A.VI.8 - A.VI.13) for the six semesters over which surveys were administered. In 

each semester following the initial pilot administration, questions were added or modified 

iteratively based on preliminary outcomes from interviews, changes to instruction necessitated 

by the COVID-19 pandemic, and research group discussions (e.g., exploring impact of online 

learning on SPC development or ranking of skills by importance). For analysis, related questions 
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from different semesters were grouped according to common themes (e.g., investigating SPCs 

needed for career goal, development of SPCs in course, etc.) as outlined in Appendix A.VI.14. 

Part 2. Analysis of Survey Responses 

Quantitative analysis was used for survey analyses to not only discern patterns and trends in the 

data but also to determine if there were any associations between survey responses and student 

characteristics. The four main student characteristics used in analyses were a) career goal b) class 

standing, c) first-generation student status, and d) prior experience. Methods used depended on 

the type of response (e.g., multiple choice, multi-response, or ranking), categorization of the 

dependent variable (e.g, nominal or ordinal), and the number of independent variables used in 

testing (e.g., 2 groups). The statistical methods applied are introduced below, categorized by 

response type and question asked. Additionally, Figure 6.1 can provide a point of reference for 

how decisions were made concerning the statistical methods employed in this study. The three 

primary response types explored are multi-response (nominal), multiple choice (nominal), and 

ranking (ordinal).  

 

Figure 6.1. Statistical methods used to analyze survey responses based on the categorical 

dependent variable. (*Fisher Exact Test value was used for contingency tables will cell counts 

below 5.) 
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Career Goal Codes 

Participants were asked to state their career goals for Fa19, Sp20, Su20, Fa20, and Fa21 (both 

IRA and FRA) semester surveys. Participant career goals were exported and qualitatively coded 

in Excel using the same protocol used for interview responses in Chapter IV. Once coded and 

uploaded into SPSS, career goals were compared across semesters to determine if there were any 

significant differences in the distribution. This was done in three parts due to recurring 

participants in Fa21 IRA and FRA surveys. First, Fa19, Sp20, Su20, and Fa20 were compared 

using chi-square test of association, with significant results prompting the use of Cramer’s V to 

determine the effect size. If a sufficient effect size was found, adjusted residuals were used to 

determine the contributing factors. Following this, two subtests comparing Fa19 - Fa20 

semesters against Fa21 IRA and FRA were conducted independently using the same methods. 

Fa21 IRA and FRA were not compared due to a high recurrence of participants (n = 815), which 

violated the assumption of independent samples.  

Multi-Response Analysis  

Example Question: Which of these skills are you developing in your general chemistry lab 

course? Identify skills that you will need for your future career.  Check the boxes that apply. 

(Fa19) 

Investigation into student perceptions of EDCs was initially explored using multi-response 

prompts. This form of questioning used “select all that apply” checkboxes, where participants 

could select all, some, or no survey response items to answer the question. Within these prompts, 

participants in Fa19, Sp20, and Su20 semesters were asked to select skills needed for their future 

career goal, as well as those they are developing within the laboratory courses. Problems could 

occur with this style of survey questioning; participants may not have read through the response 

items thoroughly or employed low-effort strategies, such as selecting response items closer to the 

top of the list (Smyth et al., 2006, 2008). To ensure that participants were reading survey 

response items carefully, a validation prompt was purposefully integrated into the survey design 

at the conclusion of each multi-response question. Validation items prompted students to select a 

specific response for a particular survey item (e.g., for survey validation please select “Gen 

Chem Lab”). Participants who did not pass validation remained in the overall survey sample for 

other analyses but were not included in analysis of multi-response questions. The number of 

participants removed from multi-response analyses can be found in A.VI.15.  Most participants 
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passed validation. Although validation was incorporated into the survey design, it remains 

possible that participants used low-effort answering strategies while also passing the validation 

prompt.  

Analysis of data from multi-response prompts had two primary aims. The first aim was to 

investigate participant selection choices (selected/did not select) of EDCs as valuable 

competencies for their planned career, referred to as student-perceived competencies or SPCs. 

From these results, selection choices were tested for association with student characteristics to 

determine if student characteristics had a relationship to skill selection. The second aim explored 

if participants who selected a skill as a valuable career competency also perceived this skill to be 

developed within the course(s) and whether perceived development (skill was selected/not 

selected as developed) was related to student characteristics.  

To explore these aims, chi-square test of association (𝜒2) was used with the 

corresponding Phi (φ) or Cramer’s V (V) effect size reported if significance was found. When an 

adequate effect size was present, adjusted residuals were used to determine the groups that 

contributed to significance. To test for differences, each skill (e.g., communication, teamwork, 

etc.) and the corresponding selection choice (e.g., valuable to career or developed in course) 

were treated as separate dichotomous variables (e.g., did/did not select communication skills as 

valuable for career goal). These dichotomous variables were used in testing for association with 

career goal, class standing, first-generation student status, and prior experience. Testing for 

relationships between a participant’s prior experience and skill selection was only explored for 

the Su20 semester, which was the only semester in which that student characteristic was 

collected. It was not possible to test for differences between skills (e.g., investigating significant 

differences between communication and teamwork) or selection choices (e.g., exploring 

significant differences between a skill being chosen as developed in the course and needed for 

future career goal) because the interdependency of choices violated the chi-square assumption 

that samples are independent (e.g., a participant can select and be represented more than once in 

this form of testing, resulting in interdependent samples).  

It is important to recognize that Fa19 participants had two less skills to choose from in 

their multi-response prompts than Sp20 and Su20 participants. The presence or absence of 

choices may have influenced how an overall prompt was perceived and the way in which a 

participant responded. Additionally, when a participant does not select a survey response item, it 
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cannot be directly interpreted as, “no” to a prompt. Participants may have passed over or felt 

indifferent about a response item, in addition to those who viewed a choice as not applicable 

(Smyth et al., 2006). These are acknowledged as limitations of both the multi-response prompt 

used and the subsequent analyses.  

Multiple Choice Analysis 

Example Question: Have you had any opportunities to intern/shadow in the field of your future 

career goal? (Su20) 

As the study progressed, a question was added to explore students’ opportunities to engage with 

their career goal through shadowing or internship experiences. This question was included in 

Su20 and Fa20 surveys as a multiple-choice (yes/no) question (A.VI.14). Chi-square test of 

association (𝜒2) was used to determine if there was a relationship between the nominal response 

about prior experiences and the student characteristics of career goal, semester, class standing, 

and first-generation student status. If significance was detected, Phi (φ) or Cramer’s V (V) was 

used to determine effect size. For sufficient effect sizes, adjusted residuals were used to 

determine the groups responsible for the difference in tables larger than 2 x 2.  

Example Question: Do you believe these skills are valuable for success in your future career? & 

Do you believe that these skills are generally valuable in a variety of different careers?  

The Fa20 survey (A.VI.11) did not include the multi-response prompt that allowed students to 

select skills needed for their career goal but instead presented them with a list of six EDCs and 

asked them if these skills would be valuable to their career and careers beyond their own using 

multiple choice (yes/no) responses. It was determined that testing for differences based on 

student characteristics was not applicable because responses were so heavily skewed towards 

selecting one response for both questions. Consequently, only the data frequencies were 

reported.  

Example Questions: Have you learned about skills sought by employers at MSU or in high 

school? & Would you like to have more opportunities in your college courses to learn about the 

skills needed for your planned career goal and/or additional schooling? 

Based on interview and survey data showing that students had a wealth of knowledge about 

EDCs prior to being introduced to a list, two questions were introduced in Fa21 surveys 

(A.VI.13.2). These questions aimed to determine instances in which students had heard about 

EDCs outside of the general chemistry laboratory courses and if they would like more 
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opportunities to learn about EDCs during their undergraduate career. Using the chi-square test of 

association (𝜒2), the nominal responses to these questions were tested for relationships with 

career goal, class standing, and first-generation student status. Effect size using Phi (φ) or 

Cramer’s V (V) was reported if significance was found. Based on the results of this testing, use 

of adjusted residuals was not necessary.  

Example Question: Do you think that the opportunities to develop transferable skills in your 

general chemistry laboratory course are valuable in helping to prepare for your future career? 

Sp21 surveys contained a question asking if the opportunities to develop EDCs in the GCL1 and 

GCL2 courses were valuable for career preparation (A.VI.12.2). To test if there was an 

association present between the nominal participant responses and class standing or first-

generation student status, chi-square test of association (𝜒2) was used and associated effect size 

of Phi (φ) or Cramer’s V (V) was reported if significance was found. No significance was found, 

making use of adjusted residuals unnecessary.  

Ranking Analysis 

Example Question: Rank these skills from most important to least important, with 1 being the 

most important (can have duplicate numbers if skills are equally important). 

During the Fa20 survey administration, an additional prompt was included that asked students to 

rank a set of six EDCs based on their perceived value (A.VI.11). This prompt was added after a 

Fa20 interview participant ranked skills from most to least important, inspiring the question of 

how both interview and survey participants would perceive the value of these skills. Within this 

prompt, students were asked to assign importance to EDCs, with 1 representing the highest value 

and 2 – 6 decreasing in value. Duplicate values were allowed where participants felt skills had 

the same value or ranking. Some duplicate rankings went beyond what was considered 

applicable to this prompt (e.g., rankings of 6, 6, 6, 6, 6, 6). However, due to the large number of 

participants included in analysis (n = 1115) it was not feasible to assess all participant responses 

to determine if rankings followed a more applicable pattern (e.g., rankings of 1, 1, 2, 3, 4, 5). 

Therefore, any participants who ranked skills within the range of 1 – 6 in any pattern were 

maintained in the sample. Participants who ranked any skills greater than 6 (e.g., 10) were 

excluded from analyses. With only six skills given, values above 6 were considered invalid. 

To test the relationships between student characteristics and assigned rankings, the 

Kruskal-Wallis test was used. This test is a non-parametric alternative to independent samples t-
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test used to compare the medians of two or more independent samples for ordinal-dependent 

variables (Gravetter & Wallnau, 2017; Huizingh, 2012; Kruskal & Wallis, 1952). If significance 

was found, the effect size is reported through epsilon-squared (𝜀2). Because SPSS statistics has 

no formal way of calculating the effect size of 𝜀2 for Kruskal-Wallis tests, these values were 

calculated using one-way ANOVA tests. Based on available student characteristics, the 

categorical variables used in this testing included career goal, class standing, first-generation 

student status, and prior experience.  

Example Question: Rank the following transferable skills in order from most important (value of 

1) to least important for your planned career, values can be repeated if skills are equally 

important (For example: Teamwork and Communication Skills could both be ranked as 1). Space 

is provided for you to add any skills that you think are important for success in the workforce 

and/or graduate and professional schools, but are missing from the list. 

The Sp21 reflective assignment contained a prompt asking participants to rank four EDCs, 

accompanied by four blank spaces to rank additional skills students found relevant to their career 

goals (A.VI.12.2). Most participants (n = 183, 86%) did not add any skills to their ranking. 

Because of the option to include additional skills in their responses, ranking the four EDCs 

provided did not always fall within a range of 1 – 4 (e.g., communication skills could have a 

ranking of 5 because of an additional skill listed). This was taken into consideration when 

assessing the outcomes of this prompt, and affected how the raw data was processed prior to 

analysis. Participant responses that fell outside of the range of 1 – 4, in absence of having 

additional skills listed, were not considered a valid response and were removed from statistical 

analysis of skill rankings. Although these participants were removed from rankings analyses, 

they were maintained in the sample to test further survey responses. The Kruskal-Wallis test was 

used to compare the median rank by the student characteristics of class standing and first-

generation student status. Effect size was reported through epsilon-squared (𝜀2) if significance 

was detected.  

Application of Qualitative Methods to Analysis of Open-answer Survey Responses 

The qualitative coding scheme outlined for interviews (Chapter IV and V) was adopted for 

open-answer responses collected through surveys. In addition to the multi-response prompt, 

Fa19, Sp20, and Su20 surveys asked students to select a skill from a multiple-choice list and then 

elaborate on their experiences building the selected skill within the laboratory courses. Fa19 and 
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Sp20 participants were asked to select and expand on two skills, while Su20 participants were 

only asked to elaborate on one (A.VI.14). A small subset of participants selected duplicate skills 

in Fa19 (n = 9) and Sp20 (n = 1) semesters (A.VI.16). These students were removed from 

analyses of these questions since the prompt asking participants to select an additional skill and 

not duplicate skills for both questions.  

The approach used in analyzing responses to these questions was similar to used when 

assessing development of SPCs in interview data (Chapter IV and V). Students who selected a 

skill as being both valuable for their career and developed within the course in the multi-

response prompt were identified in Fa19, Sp20, and Su20 semesters. After filtering for these 

participants, skills with the highest selection frequencies were targeted for qualitative analysis of 

the corresponding open answers. This involved random sampling of n = 60 participants from 

each of the top selected skills in each semester. Small sample sizes in Su20 precluded reaching 

the target of n = 60 participants. As a result, all responses that met the selection criteria were 

analyzed. Further questioning in Su20 prompted students to list skills they felt they would like to 

continue working on within the laboratory courses but have not yet had a chance to. All Su20 

participants (n = 101) were included in this qualitative analysis.  

Selection of Fa20 participants for qualitative analysis of open answers differed from 

those in Fa19, Sp20, and Su20 semesters. First a randomized group of n = 200 participants was 

selected from the overall survey sample and the entirety of these survey responses were 

analyzed. Questioning concerning development within these surveys was aimed at determining if 

and how perceived development of the six EDCs, provided in the open answer survey prompt, 

were related to specific experiences participants had within the course. Although participants 

were asked to list the skills they believe are valuable to their future career goal earlier in the 

survey, no further filtering was done based on these responses during this semesters analysis. 

This occurred for one primary reason – difficulty interpreting alignment between the specific and 

often expansive set of skills students reported as needed for their career goal to the six EDCs 

provided. To exemplify this a participant may have reported that they needed “creativity” to be 

successful in their future career, while also recognizing “problem-solving & critical thinking” on 

the EDC skills list as being developed within the laboratory course. Although the coding scheme 

used categorizes these two skills under the same broad category, it may be possible that the 
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participant would not make this connection causing analysis of development to be independent 

of skills recognized as valuable to future career goals. 

Unique to Sp21, students were introduced to EDCs over the course of the semester, with 

4 EDCs (teamwork, problem solving & critical thinking, communication, and time management) 

defined in the scenario documents that students engaged with at the beginning of each project. At 

the conclusion of the semester, surveys were administered containing three open-ended questions 

(A.VI.12.2). Participants were first asked about how the introduction to transferable skills 

throughout the course helped them develop awareness of the skills needed in today’s workforce. 

After being asked if they think that opportunities to develop transferable skills in the general 

chemistry laboratory course are valuable in helping to prepare for their career, they were 

prompted to elaborate on their response to this question. Finally, a prompt asked for additional 

comments or suggestions about transferable skill development in the course. This survey 

administration had relatively low engagement (22%) compared to other semesters, resulting in a 

total of n = 214 participants. All participant surveys were used in qualitative analysis.  

Survey administration in Fa21 represented another idiosyncratic method of data 

collection because data were collected through both an initial and final survey during this 

semester. The initial reflective assignment was an open-answer survey asking students what 

skills they believe are needed for their career, what skills they feel they are proficient in, and 

what skills they would like to continue working on throughout their college career (A.VI.13.1). 

The final reflective assignment contained a mix of multiple-choice and open-answer questions, 

with the open-answer prompts asking students again what skills they believe they needed to be 

successful in their future career, how they were able to develop those skills within the course, 

and for suggestions regarding ways in which skill development could be better integrated within 

the course (A.VI.13.2). Selection of participants to include in analysis was determined by first 

identifying participants who had taken both the Fa21 IRA and FRA (n = 815). Once these 

participants were isolated, n = 200 surveys participants from Fa21 IRA were selected at random. 

These same n = 200 participants were then used for Fa21 FRA analyses. Once a participant was 

selected, their open-ended responses for both IRA and FRA were coded and analyzed. 
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Results & Discussion  

Undergraduate Career Goals 

Inductive coding of participant career goals produced an expansive coding scheme, with the 

guidelines found in Appendix (A.VI.17). The three mutually exclusive categories that emerged 

from interview results - Health & Medical Professions, Engineering & Subspecialties, and Other 

Career Goals – were also observed in survey responses (Figure 6.2).  

Figure 6.2. Survey participant career goal aspiration disaggregated semester represented by 

percent of participants (%). 

The career goal distribution remained relatively consistent across the five semesters in 

which students were asked to report their occupational aspirations. Each semester was 

predominately made up of participants who planned to pursue a career in Health & Medical 

Professions (~50%). This was followed by approximately a third of participants with Other 

Career Goals (e.g., research-centered careers, education, business) and under a fifth of 

participants desiring a career in Engineering. Further testing using chi-square test of association 

for comparison of career goal distributions across semesters revealed no differences. Although a 

significant difference was detected when comparing Fa19, Sp20, Su20, and Fa20 career goals 

(𝜒2 = 22.480, p = 0.006, df = 6), interpretation of effect size revealed that the size of this 

difference was negligible (V = 0.057) and most likely due to large sample sizes. Subsample 

testing of Fa19 - Fa20 semesters against Fa21 IRA and Fa21 FRA using Bonferroni adjusted p-

values also found that although significance was detected (𝜒2 = 44.977, p = 0.002, df = 8, V = 
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0.069 and 𝜒2 = 34.870, p = 0.002, df = 8, V = 0.062, respectively) the effect sizes were 

extremely small indicating no true differences across semesters. 

Examination of the stated career goals of recurring participants (n = 815) from Fa21 IRA 

and FRA surveys revealed an experience common to many undergraduates, shifting career 

aspirations. Within the Fa21 sample of participants who took both the Fa21 IRA and FRA, 15% 

(n = 124) reported different career goals based on the coding scheme utilized in this study 

(A.VI.18) at the two time points. Although this coding scheme does not capture changes within 

career goal categories (e.g., changing from an aspiring doctor to a nurse), these findings highlight 

the importance for students to develop EDCs that are applicable across many different careers. 

Additionally, n = 33 interview participants noted uncertainty in their career plans due to a) being 

unsure about a specialty or area of work (n = 29), b) wanting to keep their options open (n = 3), 

or c) planning for alternatives for if their career goal falls through (n = 1). As students move into 

their careers following college career, it is unlikely that they will remain in one job or with one 

employer (Bureau of Labor Statistics, 2023). Therefore, building skill sets that are broadly 

applicable regardless of industry or specialty is critical to workplace success.   

The primary occupation area planned by both interview and survey participants was 

Health & Medical Professions, followed by Engineering and Other careers. Although the 

percentage of participants planning careers in Engineering careers was slightly lower for surveys 

than interviews, this can be attributed to the purposeful sampling method used to select interview 

participants that targeted engineering majors as a subsample. The three main career goal 

categories serve as both a variable to provide a contextual lens and to be used in statistical testing 

when investigating student perceptions of valuable career competencies and development within 

the general chemistry laboratory courses.  

Prior Exposure & Experiences 

Surveys also explored students’ prior experiences related to their planned career choice. 

Hands-on experiences, such as internship or shadowing opportunities, often provide valuable 

insights into possible career paths and are reported to be beneficial additions to a student’s career 

preparation (Gault et al., 2000; Jones, 2006; Kim et al., 2012; Kusnoor & Stelljes, 2016; Mader 

et al., 2017.; Oswald et al., 2017; Silva et al., 2016; Wart et al., 2020; Wolinsky-Nahmias & 

Auerbach, 2022). Some of these benefits include becoming familiar with potential career paths, 

engaging in real-world experiences, application of knowledge and skills learned in coursework in 
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the workplace, networking and building connections, heightened confidence when entering the 

workforce, and increased potential for future employment. Investigating students’ prior 

experiences may provide insight into how a participant perceives their field and the skills that 

were chosen as needed for a future career goal or developed within the course(s).  

Although the quantitative association between prior experience and skill selection is not explored 

until later sections, statistical relationships between planned career goal, class standing, first-

generation status, and semester are examined within this section to determine if these variables 

had a relationship to whether or not a student reported hands-on experiences.  

 

Figure 6.3. Percent of Su20 and Fa20 participants who did/did not have prior experiences in 

field of career goal (n = 1,216)(%). 

In the aggregated data from Su20 and Fa20, the majority of survey participants (n = 842, 

69%) had no hands-on experience related to their planned career, while less than a third (n = 374, 

31%) had prior internship or shadowing experience in their field (Figure 6.3). No significant 

differences were found between semesters (𝜒2 = 2.803, p = 0.244, df = 1) or between first-

generation and other students (𝜒2 = 0.238, p = 0.767, df = 1). Significant differences were found 

when exploring the association between prior experience and career goal (𝜒2 =56.658, p = 0.006, 

df = 2) and prior experience and class standing (𝜒2 = 26.436, p = 0.006, df = 1). Although both 
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associations were considered to be weak due to a small effect size (V = 0.216 and  𝜑 = - 0.147 

respectively), the factors that contributed to significance are explored below.  

 

Figure 6.4. Percent of participants who had prior experience by career goal (%).  

Comparison of career goals and response choice for prior experience using adjusted 

residuals showed that Health & Medical Professions had a statistically greater observed cell 

count of participants who had reported internship or shadowing opportunities than Engineering 

or Other career goals (A.VI.19), a trend that can also be observed in Figure 6.4. The Health & 

Medical Professions career goal category is comprised of many participants having the primary 

goal of becoming a doctor. With extracurricular activities and health-related experiences being 

beneficial assets to gain entrance into professional school (Association of American Medical 

Colleges, 2023), it does not come as a surprise that these participants have a slightly higher 

frequency of engaging in shadowing or internship opportunities in comparison to the other career 

goals.  
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Figure 6.5. Percent of participants who had prior experience by class standing (n = 1216)(%). 

As displayed in Figure 6.5 above, upper classmen had a higher frequency of reporting 

they had internship/shadowing opportunities than their lower classmen counterparts. Frequencies 

corresponding to these results can be found in A.VI.19. This finding could be anticipated 

because upper classmen have had more time to engage in such activities and more opportunities 

available as they progress through their studies. Because upper classmen are also closer to the 

conclusion of their undergraduate studies, they may be more focused on seeking opportunities 

that will contribute to career preparation for the workforce or continuing education (e.g., 

professional/graduate school).  

Interestingly a comparison of interview and survey data reveals a higher percentage of 

interview participants (53%) reporting instances of hands-on experiences than survey 

participants (31%). While demographic variables (e.g., class standing) and participant 

characteristics (e.g., career goal) are similarly distributed within both survey and interview 

administration, this difference may be due to interview questioning allowing for exploration that 

surveys do not.  
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Skills Perceived as Necessary for Future Career 

Like interview participants, survey participants were also asked to either describe or select the 

skills that they perceived to be valuable for their planned career. Although surveys were not 

divided into non-prompted and prompted portions when exploring this line of inquiry, as the 

interviews were, some surveys contained questions that were open-ended, allowing students to 

elaborate on their thoughts (Fa20 and Fa21). Others contained prompts asking students to select 

from a list of EDCs (Fa19, Sp20, and Su20). Non-prompted student responses will be explored 

first, followed by prompted responses. The list of skills from Chapter IV was expanded to 

include additional skills mentioned in surveys (A.VI.20).  

The Fa20 and Fa21 surveys asked participants about the skills needed for their planned 

career using open-ended questions in the absence of prompting about specific career-related 

skills to probe their ideas and general awareness. Participants mentioned the same seven skill 

sets seen in interviews – interpersonal, intrapersonal, occupation-specific, problem-solving & 

critical thinking, prioritization & time management, education & learning skills, and other. 

Comparison of these skill sets between survey and interview participants showed similar patterns 

(A.VI.21). Interpersonal skills were the most frequently mentioned as a necessary skill set, 

followed by occupation-specific and intrapersonal skills in both surveys. These three skill sets 

were also the most frequently mentioned skill sets in interviews.  

Survey participants in Fa19, Sp20, and Su20 were prompted with a list of employer-

desired competencies; 86% or greater found each of the skills to be important to their future 

career goal (A.VI.22). These skills included communication, teamwork, solving problems, 

working with data (a subset of critical thinking), prioritization & time management, self-

motivation (a subset of work ethic skills), and technical skills. These skills were presented to 

students as desirable workforce skills and could reflect why these skills were perceived at such a 

high importance. Removal of this information could have altered these results and more 

accurately reflected how students viewed the importance of these skills. Additionally, no 

significant differences were found between skills selected as necessary for their future career and 

prior experiences, class standing, or first-generation status (A.VI.22). However, a student’s 

planned career goal and the learning environment students were situated in when taking the 

course did reveal small differences in the selection of skills perceived as valuable career 

competencies (A.VI.22). Examination of the skills selected by students as necessary for career 
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success for a possible relationship to students’ planned career goals (Health & Medical 

Professions, Engineering, Other)(A.VI.22) showed statistical significance for communication (𝜒2 

= 12.360, p = 0.012, df = 2, V = 0.080) and working with data skills (𝜒2 = 14.840, p = 0.006, df = 

2, V = 0.087), although the effect sizes were too small to be further investigated.  

 

Figure 6.6. Employer-desired competencies selected as needed for planned career goals by 

learning environment (%). Self-motivation skills were not present in the Fa19 (in-person) survey 

administration as marked by an asterisk. 

The data presented in Figure 6.6 above show that a higher percentage of participants in 

in-person learning (IP) and emergency remote learning (ERL) environments selected most skills 

as needed for the future career than students in the online learning (OL) environment. Statistical 

significance was found for an association between the learning environment and whether a 

student selected a skill as being valuable to their future career goal for communication (𝜒2 = 

17.018, p = 0.000, df = 2), teamwork (𝜒2 = 9.742, p = 0.041, df = 2), prioritization & time 

management (𝜒2 = 23.721, p = 0.006, df = 2), working with data (𝜒2 = 15.931, p = 0.006, df = 2), 

and self-motivation (𝜒2 = 14.120, p = 0.006, df = 1)(A.VI.22).  However, the effect sizes for 
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communication (V = 0.093), teamwork (V = 0.071), and working with data (V = 0.090) were 

determined to be negligible with statistical significance attributed to large sample sizes. Effect 

sizes for prioritization & time management (V = 0.110) and self-motivation skills (𝜑 = -0.127) 

were small in magnitude. Possible reasons for the weak association between course modality and 

participants’ perceptions of the importance of prioritization & time management, and self-

motivation are explored below.  

Self-motivation skills were only included in surveys administered in semesters with ERL 

and OL. Chi-square analysis showed that ERL students chose self-motivation as a needed skill at 

a higher frequency than OL students. ERL students may have recognized this skill as important 

more frequently than OL students due to having primarily on-campus experiences where they 

had physical in-person courses to attend amidst many other responsibilities causing motivation to 

complete these tasks a necessity. Transitioning to online learning for ERL students may have 

also added to this by needing to adapt to the online learning environment and maintain 

motivation to continue attendance and completion of courses once the transition was made. For 

students in OL, a lack of motivation, that has also been observed in the literature (Means et al., 

2020), could have caused OL students to have overlooked this skill as an important competency.  

A similar trend was seen for prioritization & time management. Adjusted standardized 

residuals revealed that students in ERL had a higher than expected count with an adjusted 

residual of 3.3, which fell above the adjusted critical value of +2.6, while OL students had a less 

than expected count with an adjusted residual of -4.2, below the adjusted critical value of −2.6. 

For students in the ERL semester, a significant portion of their learning occurred in-person 

before the transition to online instruction. Successfully navigating class schedules, 

extracurriculars, jobs, and social activities of on-campus life requires time management. The 

rapid, unplanned switch to online learning required students to adapt their time management 

practices in adjusting schedules to meet new deadlines, planning for asynchronous or virtually 

synchronous courses, and navigating working from home and being in a learning environment 

where ample distractions may be present emphasizing the importance of these skills. In contrast, 

the more relaxed learning environment for semesters that were entirely online may have 

contributed to the lower counts for time management was no longer as pressing a factor as in 

person, possibly leading to time management being seen as less important. Fewer activities 

during COVID may also have made time management less of a presence in their daily lives. 
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Beyond simply asking survey participants to select the skills they perceived to be valuable, Fa20 

survey and interviews, along with Sp21 surveys, also asked participants to assign numerical 

values (or rankings) to indicate how valuable a skill was to their future career. In addition to 

discussing general trends observed, the median was used as a measure of central tendency 

(Gravetter & Wallnau, 2017). This value describes the midpoint or middle value in a distribution 

of ordinal data. Rankings started with 1 being the most important. Therefore, medians with lower 

numerical value signify the data being distributed towards participants perceiving a skill with 

higher importance, while medians with a higher numerical value represent distributions 

corresponding to participants perceiving a skill as having lower importance. It is important to 

acknowledge that any interview or survey participant could have tied two or more skills in 

ranking (e.g., teamwork = 1, communication = 1, problem-solving & critical thinking = 2, 

prioritization & time management = 3), meaning that although a ranking of 3 may not seem to be 

low, based on a participants ranking scheme this could have been the lowest value given.  

Common to the Fa20 survey and interview data was the low ranking of the importance of 

technical skills. The largest portion of Fa20 survey participants ranked technical skills in sixth 

place (31%, n = 345), resulting in the highest median (median = 4) of the six EDCs provided. 

Technical skills also had the highest median (median = 5) (A.VI.23) in Fa20 interview 

participant rankings, showcasing how technical skills were perceived as less valuable in 

comparison to the other five skills listed.  

A small subset (n = 4) of Fa20 survey participants, whose open answer responses were 

qualitatively analyzed, offered insight into why they felt technical skills were deserving of the 

lowest ranking. Reasons given included opinions that technical skills were not necessary for a 

student’s planned career and could be easily learned if and when needed. Interview participants 

offered similar thoughts about why they ranked technical skills lower in importance than other 

skills. While the number of survey participants who provided an explanation for their low 

ranking of technical skills (n = 4) may seem small, the majority (n = 143, 72%) of the 200 

randomly sampled open-answer responses from Fa20 provided no justification for the rankings.  

The skills with the lowest medians and highest perceived value, by semester and method 

of data collection, were teamwork (median = 2) in Fa20 interviews, problem-solving & critical 

thinking (median = 2) in Fa20 surveys, and communication skills (median = 1) for Sp21 surveys. 

It is important to note that Sp21 prompts did not contain self-motivation or technical skills, as 
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questioning had begun to focus on specific skills that were both highly regarded as needed and 

developed within the courses.  No significant differences were found in Fa20 survey responses 

when assessing differences for prior internship/shadowing experience vs. none (A.VI.23). It is 

important to note that Fa20 survey results were tested against all mentioned student 

characteristics, while Sp21 was only tested against class standing and first-generation status. 

There were significant differences detected for Fa20 participant ranking of skills by career goal 

for communication (H = 23.628, p = 0.006, 𝜀2 = 0.022), teamwork (H = 23.281, p = 0.006, 𝜀2 = 

0.019), and self-motivation (H = 14.209, p = 0.006, 𝜀2 = 0.011), however all effect sizes were too 

small to be further investigated. Similar trends were seen in Fa20 survey data when comparing 

rankings disaggregated by class standing for teamwork skills (H = 7.151, p = 0.037, 𝜀2 = 0.006) 

and first-generation status for communication skills (H = 6.725, p = 0.049, 𝜀2 = 0.006) with the 

effect sizes determined to be negligible (𝜀2 = 0.006), leading to the conclusion that random 

variances within the sample contributed to significance when comparing these samples. No 

significant differences were found between samples when comparing first-generation status and 

class standing for Sp21 survey administration (A.VI.23).  

Although providing participants with an opportunity to rank skills offers a way to assess 

relative perceived value, caution must be exercised in interpreting median values based on the 

assignment of integer values to rankings because the scale will depend on the participant and is 

nonlinear. In the accompanying open-responses to explain their rankings, some Fa20 survey 

participants stated that all six EDCs were valuable (n = 18), and others (n = 5) further stated that 

this made ranking the skills in order of importance difficult. Additionally, one participant in Fa20 

and another in Sp21 noted how the difference in ranking between skills was marginal. 

Comparisons will not be made across semesters or the mode of data collection because the 

prompts were not consistent from semester to semester. For example, Sp21 only had four of the 

six skills provided in Fa20 survey and interviews, while also providing space for participants to 

add skills not listed (results included in A.VI.23). Interview participants were also given more 

freedom in how they spoke of their rankings, a privilege not given to survey participants.  

Given the results from surveys, it is evident that the college students in this study display 

a good understanding of the skills needed for the 21st-century workforce. In the absence of 

prompting, students can identify important career competencies as desired by employers, but 

typically their lists are incomplete. These survey results support the argument presented in 
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Chapter IV for getting students acquainted with transferable skills early in their college career 

to build awareness and allow for adequate opportunities to build skills throughout their college 

career.  

Development of Student-perceived Competencies (SPCs) in the 

General Chemistry Laboratory Courses 

Findings from the investigation of student-perceived competency (SPC) development in the 

general chemistry laboratory courses will be presented by first discussing the 1) quantitative 

analysis of multi-response prompts followed by 2) qualitative analysis of open-answer responses. 

Multi-response prompts asked students to select the skills that they developed in the general 

chemistry laboratory courses from a list. Follow-up open-answer questions asked students to 

elaborate on how these skills were developed.  

Multi-response selection of skills  

A majority of participants selected all skills listed in the Fa19, Sp20, and Su20 multi-response 

prompts as necessary for their career (A.VI.22). In analyzing student perceptions of skill 

development in the general chemistry laboratory courses, we chose to focus on skills that 

occurred with high frequency in interviews – communication, teamwork, solving problems, 

working with data (critical thinking), prioritization & time management, self-motivation (work 

ethic), and technical skills. Going forward these skills will be referred to as student-perceived 

competencies (SPCs). Table 6.1 reports the number of participants who selected these seven 

SPCs as valuable career competencies, and among those who selected a skill as valuable that 

number that also indicated having developed these skills in the general chemistry laboratory 

courses.  

Table 6.1. Participant selection of skills as valuable career competencies and selection of skills 

as both valuable to planned career and developed in the general chemistry laboratory courses. 

Percentages are reported based on the total sample size.  

Skill Participants, n 

Valuable for Career, n 

(%) 

Valued & Developed in 

General Chemistry Lab, 

n (%) 

Communication Skills 1949 1825 (94) 1588 (87) 

Teamwork Skills 1949 1780 (91) 1620 (91) 

Solving Problems 1949 1827 (94) 1611 (88) 

Working with Data 1949 1680 (86) 1497 (89) 
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Table 6.1 (cont’d) 

Prioritization & Time 

Management 

1949 1808 (93) 

1566 (87) 

Self-motivation* 978 909 (93) 701 (77) 

Technical Skills 1949 1796 (92) 1407 (78) 

*Skill was only present in SS20 and US20 semester multi-response prompts.  

When exploring participant selection choices with respect to development within the 

courses for possible relationships with prior experience and first-generation status, no significant 

differences were found for any of the seven skills (A.VI.24). In some cases, associations were 

found between skills developed and career goal, class standing, and/or the learning environment, 

which will be examined below. No statistically significant differences were found between 

career goals and perceived development for communication, teamwork, solving problems, and 

prioritization & time management. Minor associations were found between career goal and 

development of professional/technical skills (𝜒2 = 15.409, p = 0.006, df = 2, V = 0.093); 

however, effect sizes were negligible indicating the absence of strong association with 

significance possibly arising from trivial differences within large sample sizes. Significant 

differences with a small effect size were found for self-motivation (𝜒2 = 20.055, p = 0.006, df = 

2, V = 0.149). Adjusted residuals for self-motivation showed that Health & Medical Professions 

selected this skill at higher than expected counts as being developed in the courses than 

Engineering and Other Career Goals (A.VI.24). Engineering-based careers selected self-

motivation at lower-than-expected counts in comparison to the other career goal categories 

(A.VI.24). Other Career Goals remained within an acceptable range when comparing expected 

and observed values and did not contribute to significance. Interview participants’ discussion of 

self-motivation may offer some insight into observed differences.  

Motivation is a multi-dimensional concept that contains both intrinsic (e.g., internally 

motivated by personal interest) and extrinsic (e.g., motivated by “external rewards”) components 

(National Academies of Sciences Engineering and Medicine, Division of Behavioral and Social 

Sciences and Education, et al., 2018). Most participants in these samples coming from GCL1, a 

requirement for both engineering majors and majors generally associated with pre-medicine/pre-

vet (e.g., human biology, animal science), may select self-motivation as developed within the 

courses based on how the course is perceived in relation to one’s major and related career goal. 

Participants pursuing majors in the biological sciences in preparation for careers in Health & 
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Medical Professions, may associate the laboratory courses more closely with fulfilling 

prerequisites required to proceed to advanced courses that will help them progress through their 

major towards their future career. This in turn may amplify the motivation to do well within the 

general chemistry laboratory courses, resulting in a higher selection of development of this skill. 

In contrast, students with engineering-based career goals may not perceive these courses as 

having value towards advancing through their major beyond fulfilling a requirement, leading to 

fewer participants selecting this skill as being developed. While further in-depth exploration 

would be needed to determine why development may not have occurred from the survey 

participant perspective, it is encouraging that many survey participants recognized these courses 

as providing opportunities for development of these skills.  

There were no statistically significant differences between lower and upper class standing 

and selection of communicating effectively, teamwork skills, solving problems, priority & time 

management, working with data, and self-motivation as being developed within the courses. For 

professional/technical skills, there were statistically significant differences for class standing 

with a small effect size (𝜒2 = 20.361, p = 0.006, df = 1, 𝜑 = -0.108). While this effect size is 

borderline trivial, a greater number of lower classmen selected professional/technical skills as 

being developed within the courses than upper classmen. This small difference may have arisen 

from upper classmen having engaged in more advanced course and laboratory work, leading to a 

perception of diminished value for the technical skills that may be gained from the introductory 

general chemistry laboratory. Whereas lower classmen may attached greater value to 

opportunities for technical skill development because they are taking these courses earlier in 

their studies as intended. Although lower classmen selected this skill as being developed more 

than upperclassmen, a majority of both class standings still perceived the skill as being 

developed within the courses.  

The learning environment varied during the semesters in which in the multi-response data 

were collected. The learning environment (ERL, OL, IP) did not appear to have a statistically 

significant association for perceived development of communication, teamwork, solving 

problems, prioritization & time management, or working with data skills. However, there were 

significant differences with small effect sizes found for self-motivation (𝜒2 = 10.790, p = 0.006, 

df = 1, 𝜑 = -0.114) and professional/technical skills (𝜒2 = 72.686, p = 0.006, df = 2, V = 0.201).  
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Although the magnitude of significance for self-motivation skills was borderline trivial, 

online learning (OL) participants selected self-motivation less frequently than those who took the 

general chemistry laboratory courses during the emergency remote learning (ERL) transition 

where they were half in-person and half online. This difference could be the result of generally 

lower motivation when taking courses remotely. Interview participants (Chapter V) reported 

that their self-motivation skills were lower when taking the courses virtually. For some interview 

participants, the online environment was perceived as a hinderance and for others it provided an 

opportunity for growth.  

Technical skills were consistently mentioned in interviews (Chapters IV and V) as the 

skill set most negatively affected by online learning. This was further supported by statistical 

testing and post hoc analysis of multi-response prompts, in which the adjusted residual of -8.5 

for selecting technical skills as being developed in the OL learning environment was well below 

the adjusted critical value of ±2.6 (A.VI.24). Students often associated development of technical 

skills with physical manipulations. While ERL students had hands-on experiences during the 

first half of the semester, OL participants were completely removed from the laboratory 

environment and had no direct experience with conducting experiments. The open-ended 

questions that followed the multi-response prompts asked students to discuss how they 

developed skills that they selected in the general chemistry laboratory courses, but did not ask 

students why they did not select particular skills. Consequently, there is no direct evidence for 

why participants in OL selected technical skills less frequently.  

Qualitative themes from open-answer survey responses associating course components with skill 

development 

Use of multi-response questioning provided a general overview of skills developed 

within the course(s) that participants believed were valuable to their career goals but did not 

answer how development occurred. To investigate this, open-answer questions were incorporated 

into surveys. For open answer responses associated with multi-response items, in Fs19, Sp20, 

and Su20 semesters, skills that were selected for the open answer prompt by ≥20% of 

participants, that were also selected as valued towards their career and developed within the 

course within the multi-response prompt, were further explored using qualitative analysis (Table 

6.2).  
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Table 6.2. Skills for which open responses were sampled from by semester. 

 Semester 

Skill Fa19 Sp20 Su20 Fa20 Fa21 

Communication Skills x x x x x 

Teamwork Skills x x x x x 

Problem-solving & Critical 

Thinking  

x 

 

x  x x 

Prioritization &  

Time Management 

x 

 

x  x x 

Work Ethic    x x 

Technical Skills    x  

Field-specific Knowledge     x 

Fa21 followed similar analysis, but instead relied on selecting skills reported by ≥20% of 

participants to be developed within the courses that were also reported as needed for their future 

career goals, with the skills that were further explored for this semester represented in Table 6.2. 

Fa20 had a slightly different method of analysis for selecting skills to further explore 

development, being that students were presented with a list of six EDCs to expand upon how 

course elements supported development. The EDCs recognized by ≥20% of participants as being 

supported within the courses were further investigated and are represented in Table 6.2. In 

analysis, the skills of solving problems and working with data were aggregated in the skill 

category problem-solving & critical thinking to distinguish the skill from solving problems and 

working with data as course activities contributing to building a career skill. Specific sampling 

parameters for each of these semesters are provided in A.VI.25 - 27.  

In the analysis, responses for related skills investigated were combined across semesters. 

The number of participants included in the analysis for each skill is presented A.VI.28.  Themes 

were generated following the same approach used in analysis of interviews. Major themes 

corresponded to > 60% of participants who attributed development of a specific skill to a course 

element. For minor themes, 20 – 60% of participants associated a course element with 

development of a specific skill (A.28).  

Table 6.3 summarizes the common themes found in both surveys and interviews. The 

most prevalent shared major themes included how a) collaboration in the courses contributed to 

communication and teamwork skill development and b) prioritization & time management were 

developed through individual management of various project components. Shared minor themes 

included how a) the collaborative environment also aided in prioritization & time management 

and work ethic skill development, b) working with data led to development of problem-solving 
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& critical thinking skills, c) managing one’s individual tasks and persevering to meet general 

course expectations (e.g., showing up to an early course) contributed to work ethic skill 

development, and d) use of laboratory equipment and software/applications supported growth of 

technical skills. Each of these themes will be expanded upon, including representative quotes, 

below.  

Table 6.3. Major and minor themes present in survey and interviews. 

Major Themes Present in Both Surveys & Interviews and Associated Minor Themes 

Major Theme 1: Development of communication & teamwork skills was attributed to the collaborative 

nature of the courses.  

 

Associated Minor Themes: Development of prioritization & time management and work ethic 

skills were also associated with collaboration.  

 

Major Theme 2: Independently managing projects, assignments, and tasks supported building 

prioritization & time management skills.  

 

Associated Minor Theme: An individual’s ability to manage assignments and tasks supported 

development of work ethic skills.  

Minor Themes Present in Both Surveys & Interviews and Associated Minor Themes 

Minor Theme 1: Working with data contributed to problem-solving & critical thinking skill development.  

 

Associated Minor Theme (Present as a Major Theme in Interviews): Problem-solving & 

critical thinking skill development was supported by the open inquiry learning environment. 

 

Minor Theme 2: Persevering through a college laboratory course supported work ethic skill development. 

 

Minor Theme 3: Use of laboratory equipment and software/applications fostered technical skill 

development.  

Minor Themes Only Present within Surveys 

Minor Theme 4: Field-specific knowledge was developed through a) learning and applying concepts, b) 

general lab experiences (e.g., conducting experiments), and c) the open inquiry learning environment.  

Major Theme 1: Development of communication & teamwork skills were attributed to the 

collaborative nature of the courses. 

Similar to interview findings, components of collaboration in the courses that led to 

communication and teamwork skill development centered on experiences involving survey 

participants’ immediate team members. Delegation and coordination of tasks and team roles was 

the most frequently mentioned aspect of collaborating with team members that resulted in 

communication and teamwork skill development. Participants discussed organization of team 

duties, which included working with teammates to complete tasks in an efficient and timely 

manner, making sure to check in and ensure everyone was on the same page, communicating 

what was done and still needed to be completed, sharing information and results, and assuming 
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the leadership position when needed. Scheduling time to collaborate outside of normal class 

meeting times for things such as preparing and practicing presentations was also provided as 

another course activity that built these skills. Comments from EDC_3997, EDC_3780, and 

EDC_3128 are representative of how delegating and coordinating teamwork led to 

communication and teamwork skill development. 

In terms of communication skills this course has helped for the reason that in 

order to complete assignments I need to collaborate with my teammates and 

ensure that everyone is on the same page. [. . .](EDC_3997, Communication 

Skills, Fa21 FRA Survey) 

Teamwork skills are employed in the chem lab because four people have to 

work together to accomplish tasks and assignments. This goes hand in hand 

with communication skills. The group members need to communicate 

effectively in order to understand the roles of everyone in their groups as well 

as complete tasks. (EDC_3780, Communication & Teamwork Skills, Fa20 

Survey)  

[. . .] Usually I don't enjoy being the team leader because I prefer that everyone 

in the group contribute and "self police" to stay on task if need be, but 

sometimes when my group would go off task, I would have to keep my 

teammates on track. It taught me how to speak to them in a manner where I 

didn't feel uncomfortable or‚"bossy" but still got my point across and got 

everyone back on track. (EDC_3128, Teamwork Skills, Sp20 Survey) 

Two quotes from EDC_4451 and EDC_3129 reflected on how learning to work in a team 

environment led to development of prioritization & time management skills.  

In each of the labs, my group mates and I all divide up the work/roles of the 

lab evenly to ensure enough time is given to the lab and that there is enough 

time to be able to get everything completed that is needed to be. [. . .] 

(EDC_4451, Prioritization & Time Management Skills, Fa19 Survey) 
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In the General chemistry lab, I think that managing time and priorities are very 

important because we only have a limited amount of time when we are in the 

lab (virtually). Meaning that there is only a limited time when all your 

teammates are available. So it is important to prioritize what needs to get done 

as a team and how long is it going to take. (EDC_3129, Prioritization & Time 

Management Skills, Fa20 Survey) 

Another component of collaboration that led to teamwork skill development, and to a 

lesser extent communication skill development, was learning how to be a teammate and work 

with others. Through navigation of a team-based environment, students gained experience that 

helped them become comfortable in a team setting through working with people they did not 

know or were unlike them (e.g., people they may not like, people who take on different roles or 

have different knowledge and skill sets, people who learn or work differently, and people of 

different cultures), resolving team conflicts and working through disagreements, being a 

proactive and contributing member, and becoming a leader when needed. Students became better 

team members by learning to be patient with their teammates, helping and guiding one another, 

praising others for doing well, and recognizing each person’s contributions as important to the 

team dynamic. Additionally, students had to learn to depend on, support, and trust group 

members. The various components of learning how to work with others is exemplified through 

EDC_0700, EDC_3345, and EDC_4204’s responses below.  

My lab partners and I work as a team every time we meet. Without working 

together and helping each other out we would never be able to complete an 

experiment. This has helped me grow in this area by understanding that people 

work at their own pace and understand things differently and by being patient, 

things work out more smoothly [. . .] (EDC_0700, Teamwork Skills, Fa19 

Survey) 

Learning to work with a team, especially with people from different areas of 

you that come from different backgrounds is something I learned in my general 

chemistry lab. (EDC_3345, Teamwork Skills, Fa20 Survey)  
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[. . .] we communicate to work through issues and misunderstandings [. . . ] 

(EDC_4204, Communication Skills, Fa20 Survey)  

Learning to work in the team environment was also the component of collaboration most 

frequently mentioned by survey participants as contributing to the minor theme of work ethic 

skill development. Work ethic skills were developed by motivating oneself to complete work 

because their team relied on them, being a motivating force for teammates, and coming to class 

prepared in order to help others. EDC_1922 provides a nice description of how learning to work 

with others led to work ethic skill development.  

[. . .] There are also aspects of self-motivation because there are individual 

assignments and team assignments with individual aspects for which your team 

is relying on you. (EDC_1922, Work Ethic, Fa20 Survey)  

Although some participants spoke of listening and sharing ideas with their teammates as 

contributing to communication and teamwork skill development in survey responses, such 

responses were less prevalent in surveys than interviews and were not further explored. While a 

few students in the sample mentioned that interactions with teaching assistants contributed to 

communication skill development, the number was not large enough to constitute a finding 

(A.VI.28).  

To summarize, students were able to build valuable communication, teamwork, 

prioritization & time management, and work ethic skills through coordination of their efforts to 

complete group projects and navigation of the team-centered learning environment. The presence 

of these themes in surveys provides further evidentiary support for interview findings from a 

larger and more generalizable sample of students.  

Major Theme 2: Prioritization & time management development was related to students having 

to independently manage projects, assignments, and tasks. 

Another major theme present within both interview and survey findings was that through 

individual management of various aspects of a project, including assignments and tasks, students 

were able to build prioritization & time management skills. This theme focuses on aspects of 

project management that are independent from the team environment. Students spoke of how 

they had to complete assignments, tasks, or projects in an efficient manner and prioritize what 
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needed to be completed within the time constraints (e.g., having to generate a procedure in which 

tasks can be completed within the 3-hour time frame). They also associated development of time 

management skills with multi-tasking to complete the various components of lab (e.g., 

performing experiments and recording work in their laboratory notebook), being aware of and 

making sure to meet deadlines, being prepared and working on assignments in advance to allow 

for sufficient time to receive help, making schedules or plans for work that needed to be 

completed, and leaving enough time during lab in case errors occurred.  Managing large 

workloads and breaking down larger assignments into more manageable pieces was another 

aspect of project management identified by participants. Participants discussed the need to be 

organized during experimentation (e.g., keep lab stations clean and organized, organizing lab 

procedures and evidence) to complete tasks. Quotes from EDC_3305, EDC_3994, and 

EDC_1859’s provide participant perspectives on how various components of project 

management contributed to prioritization & time management skill development.  

When completing tasks in chemistry there is a limited amount of time. Before 

beginning it is important to estimate how much time each task will 

approximately take and ensure that there is time to do all of it. [. . .] 

(EDC_3305, Prioritization & Time Management Skills, Fa19 Survey) 

[. . .] there are often deadlines in the class for turning in assignments. These 

deadline vary but it is important that a person is able to effectively manage 

their time in such a way where they can get all assignments turned in while 

meeting each deadline (EDC_3994, Prioritization & Time Management Skills, 

Fa20 Survey) 

Chemistry lab has helped me a lot with time management and organization 

especially because of the limited amount of time versus the amount of work 

there needs to be done, therefore being organized and planning my schedule 

for this class has helped a lot. (EDC_1859, Prioritization & Time Management 

Skills, Fa21 Survey) 

Participants related managing assigned tasks independently to work ethic skills. They 

wrote about requiring motivation to complete assignments and tasks on time, making sure work 
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was done well, holding oneself accountable to complete work, staying on task, coming to class 

prepared (e.g., going over material prior to coming to lab and studying for the course), meeting 

assignment deadlines, and keeping track of work. EDC_1353 and EDC_0518’s commentaries 

below showcase how independently managing projects, assignments, and tasks contributed to 

work ethic skill development.  

[. . .] self motivation is used to get your work not only done but also effectively 

and well [. . .] (EDC_1353, Work Ethic, Fa20 Survey)  

In my chemistry laboratory class, it certainly helped my [sic.] develop and 

expand the skill of an effective work ethic. In doing such detailed experiments 

in a limited time frame, making sure to record each and every piece of date 

[sic.], it taught me to work effectively and smoothly, using the entire time I 

had, working hard every minute of it. It certainly helped develop that skill, 

which I will later use as a nurse. (EDC_0518, Work Ethic, Fa21 Survey) 

Course projects contain various components from assignments to experimental tasks that 

need to be completed throughout the semester. Although these are designed with the intention to 

be too large to be completed by one person, encouraging the use of a collaborative effort to 

complete, there are many components of each project in which an individual is responsible for 

completing their own independently assigned tasks. This allows students to develop highly 

desirable prioritization & time management and work ethic skills, as evident in both interview 

and survey responses. Further, themes found within surveys corroborate interview findings and 

provide additional evidentiary support to claims.  

Minor Theme 1: Working with data contributed to problem-solving & critical thinking skill 

development. 

A minor theme present in both interview and survey data was how students spoke about working 

with data as contributing to problem-solving & critical thinking skill development. Like 

interviews, when survey participants spoke of this course element as contributing to skill 

development, they primarily mentioned how they had to analyze, interpret, and display data. An 

additional component that was not as prevalent in interviews, but was more frequently mentioned 
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in surveys, was how problem-solving & critical thinking was developed through data collection 

and record keeping.  

After conducting experiments and collecting evidence, students mentioned how they 

engaged in data analysis by sorting through data, determining how to use the evidence collected 

and decide what data was useful (or having to find and make sure to have the “correct” results), 

and using mathematical equations to perform calculations. Students also spoke of having to 

interpret data by finding trends, drawing conclusions, and making sense of their observations. 

Participant EDC_2493’s quote below references both data analysis and interpretation when 

elaborating on problem-solving & critical thinking skill development.  

This class has allowed me to work with data in a way I never have before. 

Because of the Laboratory setting, I have been able to take and analyze my 

own date with experiments such as the mystery liquid lab where we used 

spectrometers to take readings of wavelength and frequency of a liquid and use 

that data to determine the composition of a mystery liquid (EDC_2493,  

Problem-solving & Critical Thinking Skills, Sp20 Survey) 

Visually representing and displaying data using tables and graphs, captured in 

EDC_2291’s excerpt below, was an additional component of working with data attributed to 

problem-solving & critical thinking skill development.  

[. . .] The oral presentation where we needed to make a poster required me to 

make a lot of graphs out of the data we had collected from lab. In order to 

make those graphs I had to put the data into line plot or dot plot makers. Then I 

had to label axes and also title graphs correctly (EDC_2291, Problem-solving 

& Critical Thinking Skills, Fa19 Survey)  

Prior to engaging in data analysis, students were tasked with collecting data (e.g, taking 

measurements or collecting spectra) and documenting these results by recording their 

observations in a laboratory notebook. Students mentioned the need to organize their data and 

make sure to keep accurate records when documenting evidence as contributing to problem-

solving & critical thinking skill development.  
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In each lab, data collection and recording of data are critical. Our project 

grades are dependent on accurate records of data. (EDC_1463, Problem-

solving & Critical Thinking Skills, Fa19 Survey)  

Most labs we would gather data about something. We would need to make sure 

the data is recorded correctly and neatly. (EDC_1130, Problem-solving & 

Critical Thinking Skills, Sp20 Survey) 

It is important to note that most of the participant responses in this minor theme come 

from the Fa19 and Sp20 semesters where working with data was one of the skills on the list 

provided in surveys. The working with data skill was combined with solving problems to form 

the overall category of problem-solving & critical thinking for these semesters.  

The contribution of the open inquiry learning environment to building to problem-solving 

& critical thinking skills also emerged as a minor theme. Survey participants reported that having 

to design and plan experiments contributed to problem-solving & critical thinking skill 

development, a finding also observed within interviews. Participants commonly wrote about 

devising methods, procedures, or experiments to address an issue presented in project scenarios 

and laboratory goals.  

We are given a prompt each week describing certain goals for that lab, but are 

given no procedure. Using problem solving skills and our knowledge of 

chemistry, we were able to take the right steps to perform an experiment that 

would reach these goals. (EDC_1054,  Problem-solving & Critical Thinking, 

Fa19 Survey) 

[. . .] We use problem solving and critical thinking to come up with 

experimental designs and figure out how to go about preforming [sic.] our 

experiments [. . .] (EDC_3035, Problem-solving & Critical Thinking, Fa20 

Survey) 

[. . .] Additionally, the use of project proposals rather than step-by-step guides 

for labs has introduced me to the type of critical thinking I will need to utilize 

as I go forward. In my high school we were not asked to hypothesize on 
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possible methodologies for solving a problem. This class has helped me to 

become more confident with creating and conducting experiments. 

(EDC_0774, Problem-solving & Critical Thinking, Fa21 Survey) 

Many of the examples of activities that students identified as contributing to the 

development of problem-solving & critical thinking can be tied to the scientific practices, 

particularly planning investigations and analyzing/interpreting data (National Research Council 

& Committee on a Conceptual Framework for New K-12 Science Education Standards, 2012). 

These results suggest that curricula incorporating these practices may result in development of 

EDCs, such as problem-solving & critical thinking.  

Minor Theme 2: Persevering through a college laboratory course supported work ethic skill 

development. 

When speaking of work ethic skill development, both survey and interview participants referred 

to persevering through general challenges common to college classes rather than specific to the 

project-based general chemistry laboratory curriculum. This included staying motivated, focused, 

and on task during a 3-hour class, attending an early class, and showing up for class on time.  

[. . .] Motivation to stay on task and complete quality work even though 

the lab is held early in the morning and lasts a long time [. . .] 

(EDC_1253, Work Ethic, Fa20 Survey) 

Other participants discussed needing the desire to complete work and assignments, 

working harder on assignments when having a GTA who grades hard, and gaining experiences 

dealing with stressful circumstances (that were not further elaborated upon). Gaining work ethic 

skills by continuing through the course despite various difficulties is reflected in comments from 

EDC_2087 and EDC_3452.  

[. . .] Within the course there was also a lot of individual papers and 

assignments. My formal report consisted of up to 3,500 words, this took a lot 

of self-motivation for me to get this done. (EDC_2087, Work Ethic, Fa20 

Survey) 
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The chem lab course gave me extensive experiences dealing with stressful 

circumstances. (EDC_3452, Work Ethic, Fa21 Survey)  

Minor Theme 3: Using laboratory equipment and software/applications fostered technical skill 

development. 

For technical skill development, survey and interview participants mentioned using 

instrumentation (e.g., infrared spectrometer) and software/applications as contributing. Survey 

participants from the Fa20 online courses most frequently referenced using software and 

applications as supporting development. These experiences included software programs and 

applications such as LoggerPro (an application used to collect and analyze spectrum), Microsoft 

Office (e.g., Excel, Word), and other online resources (e.g., Zoom, D2L, OneDrive).  

[. . .] technical skills by being proficient in zoom, excel, word, and one drive. 

(EDC_2521, Technical Skills, Fa20 Survey) 

Interestingly, some Fa20 survey participants mentioned laboratory equipment in the 

context of technical skill growth. In many cases, they made  broad statements that did not 

reference specific laboratory tools or instruments; however those who did provide specifics 

mentioned the use of infrared and UV-visibility spectrometers.  

Minor Theme 4: Field-specific knowledge was developed through a) learning and applying 

concepts, b) general lab experiences (e.g., conducting experiments), and c) the open inquiry 

learning environment. 

Field-specific knowledge primarily focused on scientific knowledge, specifically developing a 

deeper understanding of chemistry and building a general background in science and scientific 

principles. When students spoke of development, they believed a) learning and application of 

concepts, b) general lab experiences, and c) open inquiry learning were course components that 

contributed to skill development. The growth of new knowledge and learning through 

application can be seen within EDC_1594 and EDC_2954’s comments below, respectively.  

[. . .] I learned basic scientific principles throughout each lab (EDC_1594, 

Field-specific Knowledge, Fa21 Survey) 
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The general chemistry lab helped me to develop a deeper, more hands on 

experience of chemistry and its general topics. I am more of a hands on, do it 

yourself kind of learner so this class helped me with this. [. . .] (EDC_2954, 

Field-specific Knowledge, Fa21 Survey)  

Field-specific knowledge was also developed through gaining experience working in a 

laboratory setting (e.g., lab etiquette, techniques and safety) and having hands-on experiences.  

I got a basis of chemistry labs and how they work. I know how to be safe now 

in the lab. I know how to do dilutions very well at this point. [. . .] (EDC_3355, 

Field Specific Knowledge, Fa21 Survey)  

Lastly, the open inquiry learning environment helped field-specific knowledge skill 

development by having students design their own procedures.  

[. . .] All of the experiments required understanding of how to construct an 

experiment when given a scenario like identifying an unknown ionic 

compound, replicating food dye using spectroscopy, etc. [. . .] (EDC_0003, 

Field-specific Knowledge, Fa21 Survey)  

Applying chemistry concepts in laboratory activities, developing laboratory skills, and 

learning techniques are commonly cited goals of laboratory learning (Bretz et al., 2013; Bruck et 

al., 2010; DeKorver & Towns, 2015). Click or tap here to enter text. 

Summary 

Data from surveys provided additional evidence from a larger sample to support the claims and 

findings from the interview studies. These findings show that a broader sample of students 

associated many of the same course elements with development of specific career-relevant skills, 

or EDCs, as their interview counterparts. Students enrolled in the project-based general 

chemistry laboratory courses perceived that they developed valuable 21st-century skills such as 

communication, teamwork, problem-solving & critical thinking, and prioritization & time 

management. Although participants believed these skills to be developed regardless of the course 

modality (e.g., in-person, online), remote learning posed a challenge to skill development that 

will be further investigated in the following section.  
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Online Impact on Skill development 

Investigation of the impact of online learning was incorporated the study design after emergence 

of the COVID-19 pandemic in March of 2020 forced laboratory courses to operate remotely. 

Open-answer questions were added to Sp20 and Su20 surveys to probe how online learning 

affected skill development. Continuing with the top skills in which development was explored 

for these semesters in the previous section (Table 6.2), it was found that students generally 

reported the online learning environment to have a negative influence on their ability to develop 

communication, teamwork problem solving & critical thinking, and prioritization & time 

management skills (Table 6.4). Teamwork skills were significantly impacted, with 58% (n = 46) 

of participants indicating that online learning hindered development of this skill.  

Table 6.4. Sp20 and Su20 combined perception of the impact online learning had on skill 

development, n (%). 

 Influence Online Learning was Perceived to Have on Development 

Competency  

Hindered 

Development 

Supported 

Development 

No Influence on 

Development 

Communication Skills  

(n = 81) 

26 (32) 10 (12) 15 (19) 

Teamwork Skills (n = 80) 
46 (58) 2 (3) 8 (10) 

Problem-solving & Critical 

Thinking (n = 60) 

16 (27) 1 (2) 22 (37) 

Prioritization & Time 

Management (n = 60) 

15 (25) 2 (3) 17 (28) 

Two primary themes emerged regarding how online learning negatively impacted skill 

development (A.VI.29): 1) communication and teamwork skills were hindered due barriers to 

collaboration with teammates and 2) the absence of hands-on experiences hindered problem-

solving & critical thinking and prioritization & time management skill. When investigating how 

online learning supported the development of communication skills, the most prevalent theme 

that emerged was how students had to adapt their methods of communication to overcome the 

barriers online learning often created. Interview participants reported the same impacts of online 

learning on skill development, albeit to a much lesser extent. Each of these themes and 

supporting evidence provided through student quotes are explored further below.  
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Theme 1: Communication & teamwork skills were hindered online due to barriers to 

collaboration & communication. 

Participants felt that a lack of face-to-face interactions, an inability to contact and connect 

with teammates, less time dedicated to working with others, less cooperation, and a lack of 

opportunities to work and communicate with teammates halted growth of these skills. 

EDC_4108 and EDC_2328’s comments below capture how collaboration, which was so integral 

to the course design, was not present online.  

It became a lot harder [to develop skill] because we were no longer able to 

meet face-to-face and most of the time not able to work on the tasks at the 

same time as each other. (EDC_4108,  Communication Skills, Sp20 Survey) 

Team skills were not present online. As soon as classes went online, my chem 

lab group has not once talked to each other. It is hard to expect team building 

when classes aren't face to face though. (EDC_2328, Teamwork Skills, Sp20 

Survey)  

Another theme that often coincided with a lack of communication and collaboration 

between teammates, for students only within the Sp20 semester, was that the assignments 

became more individual. Students within this semester experienced the emergency remote 

transition to online learning and the contrast between their in-person and online experiences may 

have contributed to this negative perception of development. This aspect is reflected in 

EDC_3063 and EDC_1955’s comments below.  

Because everything went online, most projects became individual which really 

took the communication with my group out of the class. We were able to text 

but it definitely negatively impacted the way we were able to communicate. 

(EDC_3063, Communication Skills, Sp20 Survey) 

Since classes have been online, I think the ability to build this skill has 

decreased. Since online class, all assignments have been individual (besides 

the glow stick poster.) Because of this, I haven't been in contact with my group 
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members, and haven't had to contribute anything to a "team" because all 

assignments have been individual. (EDC_1955, Teamwork Skills, Sp20 Survey)  

This negative perception of engaging in the collaborative environment online was in 

contrast to positive reports in the literature in which students were satisfied with their remote 

team-based experiences (Díez-Pascual & Jurado-Sánchez, 2022). The negative experiences 

reported herein could be a product of many factors. These factors include 1) the GTA facilitating 

the remote classroom not encouraging collaboration resulting in a lack thereof, 2) the teams 

themselves not finding it necessary or deciding not to engage with each other, and 3) adapting to 

the remote learning environment could have been difficult for some students based on living 

situations amongst other personal reasons.  

Another aspect that could have contributed to perceptions of the online environment 

hindering collaboration and communication in the course could have been due to students being 

given the option of whether to have their camera and/or mic on, a common occurrence observed 

by the primary author of this study. Being given this option has been reported to have deleterious 

impacts in student learning (Castelli & Sarvary, 2021). However, Castelli & Sarvary reported 

that requiring the use of cameras and mics in an online learning environment may potentially 

generate other problems for students, due to factors such as being afraid that other students may 

see the environment one is living in, and instead advised instructors to encourage use of cameras 

and offer alternative solutions (Castelli & Sarvary, 2021). 

Conversely, a small sample of students believed that growth of communication skills was 

supported online through the need to be flexible and adapt their methods of communication. 

Participants had to learn how to convey thoughts and put in a greater amount of effort when 

collaborating virtually.  

It is more difficult to communicate when we are not in person, so learning to 

communicate clearly over zoom calls and messaging has been a challenging 

but is also an important skill to be learning. (EDC_1879, Communication 

Skills, Su20 Survey) 
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Theme 2: Absence of hands-on experiences hindered problem-solving & critical thinking and 

prioritization & time management skill development  

Students’ perceived ability to develop problem-solving & critical thinking and prioritization & 

time management skills, was negatively impacted primarily due to no longer being able perform 

experiments and engage in data collection but instead being given videos to watch.  

Going to an online course made this a bit difficult because its easier to work 

with data when it is in front of you and you are recording and measuring it 

with your own hands. (EDC_0869, Problem-solving & Critical Thinking Skills, 

Sp20 Survey) 

This was tougher to build that skill because we didn't do any more labs, just 

watched a video of one and wrote a report on that. We watched someone do 

the lab without a particular time limit, and didn't have to prioritize. 

(EDC_1576, Prioritization & Time Management, Sp20 Survey)  

Summary 

Comparison of interview and survey results showed differing patterns. Interview participants 

who referenced a particular skill were often split in their perception of how online learning 

impacted development, while survey participants overwhelmingly believed that online learning 

was detrimental to the growth of skills. Survey participants were asked to focus on 1 - 2 specific 

skills for further explanation while interview participants asked to offer broad commentary on 

how online learning effected skill development, which may at least in part account for this 

difference. Additionally, depending on how an interview progressed, it may not have been 

possible to explore a participant’s perception of every relevant career skill and the influence 

online learning may have had.  

For the various themes that arose when investigating the specifics of how online learning 

supported or hindered skill development, themes emergent in survey responses were also 

observed in commentary provided by interview participants. These findings support a need to 

develop better methods of encouraging collaboration in online learning environments where 

teamwork is perceived to be difficult or lacking. By addressing these problems, communication 

and teamwork skill development may be better nourished. Additionally, use of gamification and 
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virtual laboratories as sub(Hawkins & Phelps, 2013; Williams et al., 2022)ps, 2013; Williams et 

al., 2022) may be able to offset the negative effects online learning has on problem-solving & 

critical thinking and prioritization & time management skills.  

Skill Sets Students Feel Proficient In & Areas They Would Like to Develop 

Skills needed for a participant’s future career goal and experiences surrounding development 

within the courses were often the primary focus of questioning throughout this study. However, 

during the Fa21 IRA survey participants were also asked what skills they already feel proficient 

in. Proficiency was defined as having already mastered a skill or technique and participants who 

indicated basic knowledge or uncertainty in their abilities (e.g., being “pretty good”) when 

answering this question were not considered to be proficient in the related competency. 

Participants could also mention that they felt proficient but would like to continue developing or 

building skills.  

Looking broadly at the seven main skill sets identified throughout this survey, most 

participants who identified interpersonal skills as necessary for their future careers also felt they 

were proficient in these skills (n = 82 of n = 124, 66%). To a lesser extent this was also observed 

for prioritization & time management skills (n = 39 of n = 75, 52%) and intrapersonal skills (n = 

42 of n = 82, 51%). Students were less inclined to report problem-solving & critical thinking (n = 

17 of n = 43, 40%), occupation-specific (n = 33 of n = 96, 34%), education & learning skills (n = 

10 of n = 46, 22%), or report other skills (n = 12 of n = 27, 44%) as areas in which competencies 

were mastered. A complete breakdown of these skills is in A.VI.30.  

This was followed by a prompt asking students to elaborate on which skills outlined as 

needed for their planned career were also areas they would like to work on during their 

undergraduate degree. Overwhelmingly, those who found occupation-specific skills to be 

necessary career competencies wanted to focus on developing those skills during college (n = 80 

of n = 96, 83%). This included skills such as gaining more experience (e.g., shadowing/lab 

experience), field-specific knowledge (e.g., knowledge of the sciences, math, engineering), and 

technical skills (e.g., computer science skills or working with software). All other skill sets were 

reported by approximately 50% of participants, who also recognized the skill set as valuable, as 

areas they would like to focus on and develop during their undergraduate degree (A.VI.30). 

These results indicate that for those who recognize and place importance on occupation-specific 
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skills as a necessity for their future career, there is a desire and expectation that these will be 

gained throughout their college education.  

Narrowing the scope to looking at the skills students would have liked to have developed 

but did not get a chance to in Su20 (n = 101) and Fa20 (n = 200) semesters, yielded the results 

displayed in Figure 6.7. Technical skills stand out above the rest as being the most desired skills 

for both Su20 (n = 42, 42%) and Fa20 (n = 68, 34%) semesters, a finding mirror by interview 

participants.  Within this set of skills, students wished to have opportunities to hone their a) 

laboratory skills & techniques, b) technological skills, and c) other technical skills not related to 

the general chemistry laboratory courses. Specific skills mentioned within the laboratory skills & 

techniques included a) wanting to work with laboratory equipment, instruments, tools (e.g., 

pipets and flasks), and materials (e.g., chemicals), and b) having the opportunity to be hands-on 

in lab by being given the opportunity to carry out procedures or experiments and engage in data 

collection and observations. When referring to skills surrounding technology, students wanted to 

learn different software and programs related to chemistry and beyond. Other skills mentioned 

by students within this category were skills that would not be gained within the confines of the 

general chemistry laboratory courses and referred to learning technical skills focused on a) areas 

not yet explored, and b) motor skills. 

As observed in previous sections, and related to results presented in Chapter V, the 

online learning environment was either explicitly reported or implied (e.g., mentioning wanting 

hands-on experiences) by many participants in Su20 (n = 34, 50%) and Fa20 (n = 35, 81%) as 

the primary factor contributing to a lack of technical skills being present within the course. Due 

to the lack of in-depth exploration of student commentary, an inherent limitation of survey 

administration, it can be surmised that most participants attributed the remote learning 

environment to inhibiting technical skill development because they were no longer physically 

present in the laboratory space.  

Interestingly, many Fa20 students continued speaking of development within the courses 

(n = 37, 19%) or elaborated on skills they would like to further grow in the chemistry courses (n 

= 5, 3%) or non-chemistry courses (n = 2, 0.1%). 
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Figure 6.7. Skills Su20 and Fa20 survey participants desired to develop within the general 

chemistry laboratory courses but were not given an opportunity to (sample sizes of each semester 

is as follows; n = 101 for Su20 and n = 200 for Fa20)(%).   

Students Have Been Learning About EDCs within High School & College & Would Like 

Additional Opportunities 

In the absence of prompting, the rich information provided by participants in both interview and 

survey data surrounding skills perceived as valuable to their future career goals showed that 

students were highly knowledgeable of prevalent EDCs needed in today’s workforce. This 

prompted the Fa21 FRA question of where students had learned about EDCs beyond the general 

chemistry laboratory courses. As displayed in Figure 6.8, a little over half (55%) of Fa21 FRA 

participants responded that they learned about EDCs in both high school and during their time at 

MSU. Three of the four remaining choices were relatively evenly split with 13% reporting they 

had learned about EDCs solely in high school, 12% who had learned about EDCs only while at 

MSU, and 13% who were unsure if they had learned about EDCs while in high school or at 

MSU. A small percentage of participants (7%) had not yet been introduced to EDCs during high 

school or their time at MSU. All corresponding frequencies to the data described above can be 

found in A.VI.31. There were no associations found between response choice and career goal (𝜒2 

= 19.271, p = 0.057, df = 8), class standing (𝜒2 = 3.079, p = 0.704, df = 4), or first-generation 
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status (𝜒2 = 5.439, p = 0.437, df = 4). While these findings show that students have had 

opportunities to learn about skills in settings other than the general chemistry laboratory courses, 

it is unfortunately unclear whether skills it was within college/high school courses or 

extracurricular college/high school activities (e.g., career fair, clubs) in which exposure to these 

skills occurred. Further questioning would be needed to determine what activities students 

engaged in that facilitated learning of EDCs in these environments. 

 

Figure 6.8. Percent of Fa21 participants who had learned about EDC outside of the general 

chemistry laboratory courses (n = 1,063)(%). 

After asking participants about their experiences being introduced to EDCs in relatively 

recent educational settings, it was of importance to know if integrating EDCs within the college 

curriculum would be valuable to students. When prompted with the question of wanting 

additional opportunities to learn about EDCs, a majority of Fa21 FRA participants (86%) stated 

they would like to have more exposure to EDCs within their college courses (A.VI.32). The 

remaining 14% of participants did not desire to learn more about EDCs in their undergraduate 

courses. This majority distribution did not differ when considering career goal (𝜒2 = 0.929, p = 

0.767, df = 2) or first-generation student status (𝜒2 = 1.768, p = 0.389, df = 1). Although there 

was a significant difference detected between class standing and response choice (𝜒2 = 8.740, p = 

0.017, df = 1), the effect size was very small (𝜑 = -0.094), indicating significance was likely due 
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to detecting minute differences within the large sample sizes. Frequencies for the data presented 

above can be found in A.VI.32.  

These findings contribute evidence that students have had exposure to EDCs prior to and 

throughout college and are still willing and ready to continue learning about the skills needed to 

be successful in their future career pursuits.  

EDCs are of High Value to Students 

This study aimed to not only question if the opportunities to learn EDCs within the courses were 

valuable experiences, but also to investigate if the skills desired by employers and presented 

throughout prompts were of personal value to students. This line of questioning influenced the 

addition of two questions being integrated into Fa20 interview and survey prompts. These 

questions revolved around asking participants if EDCs provided in a list were 1) of value to them 

and success in their future career and 2) valuable to a variety of careers. EDCs related to the 

Fa20 survey prompt included communication, teamwork, problem solving & critical thinking, 

priority & time management, self-motivation, and technical skills. Nearly 100% of survey 

participants reported that these six EDCs were not only valuable to success in their future career 

endeavors (n = 1,111, 99.6%) but were recognized as important for other careers as well (n = 

1,112, 99.7%). Frequencies associated with the results presented above can be found in A.VI.33. 

This trend of survey participants highly recognizing these skills as important to themselves, their 

career goals, and other careers is also reflected within interview transcripts.  

Of the n = 16 Fa20 interview participants who were asked if the same six EDCs presented 

to Fa20 survey participants were of value to them, 100% felt these skills had personal value and 

importance. Additionally, much like the large portion of Fa20 survey participants, of the n = 14 

Fa20 interview participants who were asked if the six EDCs were applicable to a variety of 

careers, or stated independently that they felt these skills had importance to any job, 79% (n = 

11) felt that all skills listed were beneficial to any or most jobs. For the n = 3 interview 

participants who did not feel that all skills were applicable across any career path, they focused 

on how for some skills the use and importance would vary depending on the career path. This 

can be seen in Pax’s following statement: “I think all these are very important when it comes to 

engineering, but depending on what field you go into [. . .] some of them aren't gonna be as 

valuable.” It is important to note that not all 18 Fa20 interview participants were asked if the six 
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EDCs were applicable across career paths due to a lack of time (n = 2) or a loss of audio in the 

transcript (n = 2) resulting in an exclusion of responses in these results 

This perception of skills, either identified by participants themselves as valuable to their career 

goal or EDCs provided in lists, of having value that extended beyond the workplace was shared 

by many survey and interview respondents. Both interview and survey participants believed that 

the various skills explored throughout the entirety of this study are applicable and beneficial 

throughout many areas of life (A.VI.33) within this chapter and Chp IV. From college to career 

and their lives in between, these skills are seen as having high value, further emphasizing the 

importance of integrating these skills within college courses. By incorporating opportunities for 

development within a student’s undergraduate career, success may be felt in various avenues of 

life beyond the workplace.  

Building Awareness of EDCs Throughout the Courses 

Throughout this study, continual mention has been made to the importance of introducing 

students to EDCs to better prepare them for their future careers early on in their undergraduate 

education. Survey administration in Sp21 was created with this in mind, by integrating EDCs 

into project scenarios introduced to students at the beginning of each project in GCL1. The four 

EDCs that were continually recognized by students as important to their careers, as well as those 

reported as valuable 21st-century skills by employers, included communication, teamwork, 

problem-solving & critical thinking, and prioritization & time management. This included 

incorporating an excerpt (A.VI.12.1) outlining the importance of these skills to future career 

endeavors, stating that these skills can be gained from the course, and providing brief definitions 

of each skill. Toward the end of the semester, surveys inquired how being introduced to these 

skills helped students build awareness of 21st-century skills (A.VI.12.2). This line of questioning 

was followed by asking if the opportunity to develop EDCs was valuable to career preparation, 

ranking skills based on importance, and additional suggestions regarding EDC development in 

the course. While the way in which students ranked EDCs was already explored in a section 

above, the remaining components of Sp21 survey administration will be explored below.  

When asked how the introduction to EDCs throughout the course helped develop 

awareness of prevalent 21st century skills, three primary themes emerged. These included 1) 

application, development, and practice of skills, 2) learning about skills and their importance, 

and 3) learning how to work with others. Approximately half of the participants (n = 118, 55%) 
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spoke of applying, developing, or practicing the skills that were introduced in the course, in 

response to this question (A.VI.34). While many participants did not reference a particular skill 

(n = 47, 40%), as reflected within R5’s quote below, there were notable mentions surrounding 

communication (n = 35, 30%) teamwork (n = 48, 41%), problem-solving & critical thinking (n = 

21, 18%), and prioritization & time management (n = 15, 13%). Students mentioned other skills 

they took time to reflect on developing as well, that were either categorized under the skills 

mentioned previously (e.g., creativity skills that is categorized under problem-solving & critical 

thinking) or additional skills (e.g., leadership skills or technology skills).  

The introduction of transferable skills through the course helped me develop 

awareness of the skills that are needed in today's workforce by providing me 

with actual opportunities to use the skills during class. (EDC_1812) 

Investigating development within this semester’s survey administration did not follow the 

same coding scheme as other semesters (e.g., referencing the open inquiry learning environment 

or working with data as leading to development of problem-solving & critical thinking skills). 

This was because statements were often vague in relation to how skills were developed or 

applied. Students often provided descriptions of how they became aware of skill application and 

development over specific course elements that contributed to development. This included 

recognizing areas of weakness and focusing on areas that needed improvement, along with 

recognizing what skills they already had. Students also spoke of how a) working with others in 

the course aided development or application of skills, b) application of skills aided success in 

course, and c) how the course simulated real world scenarios where skills would be used. 

Introducing EDCs throughout the course not only gave students the opportunity to develop skills, 

but learn how to apply these skills as well.  Evidence provided using quotes from student 

responses and the corresponding number of participants who contributed to generation of these 

themes is found in Table 6.5 below.  
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Table 6.5. Specific examples of how applying or developing skills built awareness of EDCs. 

How Skills Were Applied/Practiced in Relation to 

Building Awareness of Skills  

Example 

Became aware of and focused on development  

(n = 40) 

It was nice to have a reminder of the skills we were 

working on in each project because normally I do 

not connect the skills I am learning with the work I 

am doing so it was interesting and nice to have 

those laid out for each assignment and project. 

(EDC_4986) 

 

By knowing what skills I would be developing in 

this course, I was able to identify and improve them 

(EDC_1779) 

 

When i knew some of the skills that I would need in 

the workforce in the future, it allowed me to focus 

on improving in those areas in each lab. By 

knowing what I wanted to achieve it helped me 

focus more on improving in certain areas. 

(EDC_5047) 

 

It was nice to have a list of things to look at while I 

did the project. After each project I was able to go 

back and see which skills I was able to put to use. 

(EDC_2438) 

Teamwork in course aided skill development  

(n = 14) 

I was able to focus on improving those skills while 

working with my team members (EDC_3170) 

 

Through working with my group I was able to 

improve on my communication and critical thinking 

as a team. (EDC_4960) 

Application of skills helped student be successful in 

course (n = 8)  

[. . .] If we did not display any of these skills, or at 

least improve them, we would not have done well in 

this course. (EDC_2177) 

Learned how to apply skills (n = 5) This helped me to practice the same skills I will use 

in the workforce and allow me to start to understand 

how to use these skills in many ways. (EDC_2775) 

Lab simulated work environment/real scenarios  

(n = 1)  

This labs introduction of transferable skills were 

very beneficial and helpful to the many students that 

took the course. We were introduced to many 

scenarios and situations that can easily be tasked for 

when we go out in the real world and get real jobs. 

(EDC_4963) 
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Table 6.6. How students learned about EDCs integrated within the courses and built awareness 

of these skills. 

Way in Which Participants Learned About Skills 

& Found Importance in Them 

Example 

Became aware of and learned what was needed 

/expected in the workforce and for career success (n 

= 55)  

The transferable skills being listed throughout the 

course helped me see the importance in everything I 

was doing, and help me relate it all to what I will be 

doing in the future. (EDC_0790) 

 

The transferable skills introduced throughout this 

class have shown me the skills that are needed to be 

successful in my future. (EDC_0590) 

Recognized importance of skills (n = 15) I did not realize how prominent they actually are, 

these are skills as a student I use almost every day. It 

has just become second nature to me but this class 

helped me realize how important it really was 

(EDC_5024) 

 

it highlighted the fact that some skills that I see as 

not heavily important are. It showed me that some 

things can fall through the cracks and it is important 

to stay on top of everything. (EDC_2050) 

Became aware of skills that were needed for success 

in course  

(n = 12)  

The introduction of these skills that were listed on 

every project scenario showed me what exactly was 

expected of me in each lab. They helped me realize 

what it was I needed to do and how I needed to 

apply them to my group. (EDC_1839) 

Learned how skills present in course applied to the 

workforce (n = 6) 

It helped me understand how what we are doing in 

our lab applies to the "real world" and why it 

matters. (EDC_0268) 

Became familiar will the skills (n = 3)  This course helps you see and develop these 

transferable skills all of the time. (EDC_2177) 

Another theme that emerged from this area of inquiry was how students were able to 

learn about soft skills and become aware of their importance (n = 86, 40%).  This included a) 

learning what was needed or expected in the workforce, b) being able to recognize the 

importance of EDCs, c) learning skills necessary for success in the course, d) learning how skills 

in the course apply to the workforce, and e) generally becoming familiar with these skills. 

Quotes representative of each of these categories and the related number of participants included 

within each theme can be found above in Table 6.6. 

In addition to the themes explored above, many students spoke of learning how to work 

with others through the introduction to EDCs (n = 82, 38%) as presented in EDC_4231 and 

EDC_4534’s comments below. Students reflected on how they learned to a) apply the skills they 

were introduced to when working with their team, b) became aware of how to become a better 
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teammate and cognizant of their actions within the group, and c) how important skills were to 

successful teamwork.  

The introduction of transferable skill set a guideline for all students to follow, 

and from the very beginning reminded students the effort they need to put in 

when working with a team. Breaking down each individual skill enforced the 

idea that I had of what I needed to do in order to be the best team partner I 

could be. (EDC_4231) 

The introduction to transferable skills helped me be more aware of what makes 

a good teammate and how to effectively work in a group. (EDC_4534) 

Following this, students were explicitly asked if they perceived development of EDCs as 

valuable to career preparation, a key questions that went beyond prior surveys focusing on what 

and how skills were developed. In this multiple-choice question overwhelmingly 96% (n = 205) 

of participants found EDC development in the course(s) to be a valuable experience (Figure 

6.9). In contrast, a very small sample of participants reported that they did not develop any EDCs 

(n = 4, 2%) or that the EDCs defined in the study were not perceived as valuable to their future 

career goal (n = 5, 2%). No associations were found between response choice and class standing 

(𝜒2 = 0.576, p = 1.000, df = 2) or first-generation student status (𝜒2 = 3.812, p = 0.296, df = 2). 

Tables corresponding to frequencies of the data reported above is in A.VI.35. 

This finding captures the value of providing students opportunities to build and apply 

EDCs in an introductory laboratory course that may be perceived as far removed from a 

student’s potential career path. Additionally, this finding supports interview and survey findings 

that although participants were attending classes remotely in the Sp21 semester, they were still 

able to engage in opportunities to develop valuable EDCs.   
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Figure 6.9. Percent of Sp21 participants who perceived value of opportunities to develop EDCs 

as valuable to career preparation in course (n = 214). 

When asked to elaborate, many of the n = 205 participants who felt the course provided 

valuable opportunities for skill development and career preparation spoke of how they applied or 

developed skills within the course (n = 185, 90%)(breakdown of results in A.VI.36). Most of 

these participants did not provide commentary or specific examples beyond vague statements or 

simply stating that they applied, developed, or practiced skills as seen in EDC_2032’s quote 

below: 

Learning these skills in this lab was helpful for preparing for my future career 

because it taught me the skills I mentioned above. (EDC_2032) 

Skills that were mentioned while speaking of development within the course can be 

referenced in A.VI.36. For the small sample of participants who provided further commentary on 

how skills were applied or developed, the corresponding categories in Table 6.7 emerged. The 

new code of practiced & developed skills in a new environment was relayed by one participant 

who although they felt they learned nothing new from the course, that they were able to apply 

valuable EDCs to a new environment when taking GCL1. 

Yes, opportunity to 
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valuable to career 

preparation
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Table 6.7. Specific examples of how applying or developing skills contributed to development 

of EDCs and career preparation. 

How Skills Were Applied/Practiced in Relation 

to Building Awareness of Skills  Example 

Became aware of and focused on development  

(n = 8) 

The four main transferable skills that were listed 

helped me recognize and build on them [. . .] 

(EDC_4287) 

Teamwork in course aided skill development  

(n = 8) 

I think working in a team helps with soft skills 

when you're not realizing it. Working in a team 

improves your self confidence and communication 

skills all are which are important for any career. 

(EDC_4221) 

Lab simulated work environment/real scenarios  

(n = 3) 

The experiments that we do at the General 

Chemistry Laboratory are very similar to the 

situations that we will face in our future careers [. . 

.] (EDC_1534) 

Application of skills helped student be successful 

in course (n = 2)  

My teammates were really helpful with almost 

everything [. . .] Furthermore, I also helped them in 

the same way and we all got through the course in 

the best possible way. (EDC_3732) 

Learned how to apply skills (n = 2) When I was having a hard time with my group I 

was always able to look back at the transferable 

skills and figure out what i was lacking and how I 

can apply it. (EDC_1812) 

Practiced & developed Skills in a new 

environment (n = 1) 

I continued to develop the skills that I mentioned in 

question 1 with a new environment. (EDC_4979) 

Another familiar theme touched upon prior, when investigating awareness, was how 

participants learned how to work with others (n = 64, 31%). EDC_4231’s response below 

provides an example of how this student learned to navigate the team environment leading to 

development of EDCs.  

I was very nervous at the beginning of this semester because I get nervous 

meeting new people for the first time. But as time went on with the course I 

thought my over all leadership and communication skill definitely improved 

and I will be much more confident the next time I need to work with a group. 

And for my future career I will without a doubt be working with many 

different people on projects, and goals, and a class like this has helped me not 

only build my transferable skills, but also just understanding how a group 

should work and how to handle sharing the workload for the same project. 

(EDC_4231) 



 293 

The remaining participants shared how they were able to learn these skills and recognize 

their importance (n = 5, 2%) or provided statements too vague or contradictory to warrant a code 

(n = 4, 2%).  

Students who did not find the course to be helpful in developing EDCs (n = 4) provided 

the following reasons: a) the online format hindered development of skills, b) the course did not 

teach new skills but reinforced ones they already had, and c) the course was believed to be 

poorly organized and the professor was unhelpful and hard to work with leading to a lack of skill 

development. For the other participants who did not find the EDCs included in this prompt to be 

valuable to their future career goal (n = 5), most felt that a chemistry course was not related to 

their future career goal (e.g., vet, medicine, or data science) and one participant did not view 

EDCs to be something that is learned in a course but to be learned while on the job. Although 

there was a small percent of participants who did not feel the course was adequate in preparing 

them for their future career, most participants did find the course and their experience learning 

of, developing, and applying EDCs to be a beneficial experience.  

Furthermore, students were given the opportunity to provide additional comments or suggestions 

regarding EDCs in the GCL1 laboratory courses during Sp21 survey administration. When 

exploring this comments section, while many students offered no additional comments (n = 104, 

49%), there was a large portion of students who spoke of how positive and beneficial their 

experience being introduced to EDCs and being given the opportunity to develop these skills in 

the course was (n = 66). This is reflected in EDC_1719, EDC_2113, and EDC_0590’s comments 

below.  

Thanks for including these so that way we could see what we needed to go by 

and so people could see what skills you need to work in this class and even in 

everyday life (EDC_1719) 

I feel that this course did a great job of putting these skills at the forefront of 

our education and showcasing the value and importance of developing these 

skills. (EDC_2113) 

Working in groups definitely helped me to develop my transferable skills and 

being introduced to the ones that would be used in the scenario of each project 
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was helpful in reminding me how and when they are used and for what parts of 

the process. (EDC_0590) 

In addition to expressing an appreciation for integration of EDCs within the GCL1 laboratory 

course, two participants reflected on how the surveys themselves were beneficial to recognizing 

development of skills. This is captured in EDC_4221’s comment stating that the reflective 

assignment was “very helpful to reflect on your own growth with transferable skills.” Another 

participant emphasized the importance of reflecting on these skills in recognizing development, 

stating “I think even though I didn’t know I was developing these transferable skills it is 

important to reflect on how much these skills did develop. They all are important things that 

everyone should learn” (EDC_4353). 

A handful of participants used the additional comments section to express their overall 

appreciation for the course (n = 11), grievances concerning their overall experience in the course 

(n = 1), and general suggestions for course changes not regarding EDCs integration and 

development (n = 4).  

Throughout the surveys six participants spoke of how learning the skills early on will 

allow for them to apply and grow these skills throughout the remainder of their college career 

and into their professional lives. This is reflected in EDC_5028’s statement “I think teaching 

students transferable skills early on in their academic career is very important, they will take 

those skills and use them through both their academic and occupational careers.”  

Overall these comments highlight how students appreciated not only being introduced to 

valuable 21st-century skills but how the experiences surrounding development themselves were 

valued and beneficial. These findings support a need to acquaint students with EDCs early and 

throughout their college careers, giving them opportunities to reflect, and providing instances in 

which they can apply these skills.  

A small percent (n = 11, 5%) of participants offered additional suggestions regarding 

EDC development in the course and how integration of these skills could be improved. These 

varied from person to person with no clear pattern emerging from participant responses. Some 

participants wished for the skills to be discussed or gone over in the course beyond being 

presented solely in the scenario documents. Others felt that incorporating a rubric for receiving 

feedback on how well students were applying skills or integrating the skills into the team 

contract that students complete at the beginning of the semester, would be valuable. Some also 
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desired incorporating how EDCs could be applied to each lab, in addition to the descriptions 

provided. Other suggestions students shared included a) wanting to develop different skills for 

each project, b) allowing for students to come up with their own skills they would like to work 

on in addition to the ones provided, c) wanting the opportunity to individually demonstrate 

competencies, d) wanting to explore careers that are related to what is being done within the labs, 

and e) wanting to speak with other teams to determine what is or is not working for them. 

Implications  

The findings from explored above show how students were able to build and develop valuable 

EDCs, both in-person and online, through curriculum that included elements of project-based 

learning and scientific practices. However, student responses highlighted areas of remote 

learning that could be further improved to facilitate skill development. Of key interest were the 

interpersonal skills of communication and teamwork and how remote hindered development of 

these skills. Facilitating learning environments that foster development of these skills online can 

be particularly challenging due to the barriers that online presents (Darby & Lang, 2019; 

Donelan & Kear, 2023). Results of this study show that students may need more resources and 

guidance to overcome these barriers and model effective teamwork. Additionally, reframing the 

online learning environment to show how adapting to virtual collaboration can result in 

beneficial 21st-century skills may also help students become accustomed to engaging in remote 

teamwork.  

Other findings from this study show that students desire integration of EDCs into their 

college curriculum, indicating that widescale implementation of this may be met positively by 

undergraduates. Although this may seem an incredible feat, recognizing small but relevant areas 

in which each individual courses can contribute to student career preparation and skill 

development can amass into an altogether valuable learning experience. While college may not 

be able to provide students with all the knowledge and skills needed to be successful in their 

chosen career, it can be but one of many experiences that contribute meaningfully to success in a 

student’s professional and personal life.  

Conclusions & Future Directions 

Both interview and survey participants were able to adequately identify skills that employers 

desire most in the modern workforce as important to their future careers, both with and without 

prompting. When prompted with the skills highly valued by employers, most students were able 
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find these valuable within the context of their own career goals. Not only were they able to see 

the importance of EDCs, but they were also able to articulate and connect experiences within the 

general chemistry laboratory courses to perceived development of these skills. Development as 

reported in both interviews and surveys primarily revolved around the collaborative learning 

environment aiding growth of communication and teamwork skills. Problem-solving & critical 

thinking and prioritization & time management were among other highly valued workplace skills 

that students reported to have experienced growth of in the general chemistry laboratory courses 

through course elements such as collaboration, open-inquiry learning, working with data, and 

independent management of tasks and assignments.  

Another key aspect investigated in this study was how the learning environment changed 

from in-person to online instruction. While the online learning environment returned divided 

perceptions of its positive or negative effects on communication, teamwork, problem-solving & 

critical thinking, and prioritization & time management skill development in interviews, 

qualitative review of survey participants found remote learning to be more detrimental to 

development of these skills than good. These findings emphasized how online learning resulted 

in deleterious effects on a student’s ability to communicate and collaborate with their teammates 

further resulting in a hinderance in growth of communication and teamwork skills. Additionally, 

while hands-on learning in the laboratory is more commonly related to development of technical 

skills through manual manipulation of tools and instruments, problem-solving & critical thinking 

skills and prioritization & time management faltered in the absence engaging with chemical 

equipment and conducting experiments.    

When continually introduced to EDCs throughout the course of a semester, students were 

better able to build awareness of valuable 21st-century skills, while also engaging in 

opportunities to develop and apply skills. Additionally, students desired more opportunities 

throughout their college career to develop EDCs and recognized their importance to life, career, 

and learning.  

All findings reported herein were reflective of student perceptions, lacking quantifiable 

measurements of student proficiencies in these skills. While this was not linked to the primary 

goals of this study, developing instruments to measure student abilities regarding EDCs would 

contribute a more accurate picture of student achievement and address prevalent areas in which 

education researchers and administrators can better address the skills gap. Although the literature 
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provides a great deal of commentary on methods used to measure these skills (National 

Academies, 2011), more standardized and cost-effective ways have yet to be produced. 

Additionally there is a need to come to a consensus on the definition of these skills, whether 

within specific disciplines or more broadly. 

Limitations 

 While the various limitations surrounding specific tests have been discussed in the main body of 

this chapter, there are many additional limitations of administering surveys as a method of data 

collection. One potential limitation that can be connected to both use of surveys and interviews 

as primary sources of data collection is sampling bias. Sampling bias occurs because of two 

primary factors – coverage and non-response (Remler & Van Ryzin, 2015). Coverage bias is a 

result of a sample being an ill-representation of the population due to the exclusion of certain 

groups present within the population or inclusion of groups that are a part of the population of 

interest (Blair & Blair, 2020; Remler & Van Ryzin, 2015). Non-response bias is another form of 

sampling bias in which certain groups may have a higher likelihood to respond or participate, 

making the sample skewed in favorite of one group and not accurately reflecting the overall 

composition of the population (Gorard, 2013; Remler & Van Ryzin, 2015).  

Using a mixed-methods approach offered greater coverage of the student sample through 

gathering in-depth views of interview participants and collecting the perception of a larger 

student sample that offered more generalizability using surveys. To account for both coverage 

and non-response bias, independent samples t-tests comparing SAT scores were used to 

determine if there were salient differences between participating and non-participating samples, 

with no statistically significant differences found for either interviews or surveys. Regardless of 

the measures taken to ensure adequate sampling methods were employed in this study, valuable 

student beliefs that could have contributed to this research could have been lost due to – a) 

technological problems hindering a student’s ability to participate in web-based surveys or 

remote interviews (e.g., lack of access to Wi-Fi or study invitations being directed to spam 

folder), b) students who perceive the course as valuable to themselves and their future career 

having a greater affinity to respond over those who do not, or c) lack of time to engage in 

additional activities that do not pertain to relevant course work. Additionally, survey and 

interview responses may not be an accurate reflection of participant beliefs. This can be 

exacerbated by the way in which the question was formulated and presented to participants, as 



 298 

well as survey fatigue or participants feeling they need to answer a certain way (Baxter et al., 

2015; Remler & Van Ryzin, 2015).  

Beyond survey administration, analyzing open answer responses is interpretive in nature. 

It is possible that the methods of qualitative analysis employed in this study negate or overlook 

underlying meanings. This is an expected limitation when dealing with closed methods of data 

collection (e.g., surveys) that lack the ability to further explore possible meanings through use of 

methods such as interviews. This limitation can be seen in the notable difference between the 

interview and survey themes concerning development, where open inquiry learning constituted a 

major theme by 73% of interview participants in relation to problem-solving & critical thinking 

skill development but was only observed to be a minor theme by 25% of survey participants. 

Due to the nature of interviewing techniques allowing for more in-depth exploration of 

participant responses, it is possible that follow-up questioning inquiring into the often broad or 

vague statements provided by survey participants (e.g., “We are presented with a problem each 

project and we work together to figure out the best way to solve the problem” (EDC_2174) 

would have resulted in a higher prevalence of certain themes. This could also be said for the lack 

of mention of which specific course activities or project scenarios contributing to skill 

development that was more prevalent as minor themes in interview responses and was often a 

point of interest in further interview questioning versus the low recognition of these course 

components in survey responses. Additionally, the minor interview theme of work ethic skills 

being developed through maintaining integrity in work by not cheating, was not included in 

survey prompts, leading to a possible exclusion of this as a theme in survey data.  

Further, although findings from Sp21 reflect positive findings concerning EDC 

development and career preparation in the general chemistry laboratory courses, it is important to 

keep in mind that we could not validate if students were referring to EDCs in the scenario 

document prompt or something else. Additionally, it cannot be confirmed that students did in 

fact read through the skills in the scenario document over the course of the semester and is an 

aspect to be considered when assessing these results. Use of multiple-choice responses, as used 

to determine if students found EDC development in the course as valuable, are also restricted to 

a set number of choices and may not be reflective of a participant’s true beliefs (Treadwell, 

2024). Although these limitations could have potentially affected the outcomes of these results, 

these findings suggest that most students who participated in Sp21 surveys found the course to 
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be beneficial in gaining awareness of EDCs and providing valuable opportunities for 

development.  
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APPENDIX 

A.VI.1. Response Rate of Surveys 

Table 6.8. Descriptive statistics of survey administration and response rates of surveys. 

Semester Survey Course 

Students 

Invited to 

Participate 

in Survey 

(n) 

Surveys 

Returned, 

Started, or 

Opened  

(n) 

Response 

Rate of 

Survey  

(%) 

Fa19 CDS Total 1905 1295 68 

GCL 1 1463 995 68 

GCL 2 442 300 68 

Sp20 CDS Total 1645 1032 63 

GCL 1 1065 667 63 

GCL 2 580 365 63 

Su20 CDS Total 191 108 57 

GCL 1 123 70 57 

GCL 2 69 38 55 

Fa20 CDS Total 1881 1181 63 

GCL 1 1432 900 63 

GCL 2 450 281 62 

Sp21 RA Total 1075 233 22 

GCL 1 1075 233 22 

Fa21 IRA Total 2063 1318 64 

GCL 1 1590 1028 65 

GCL 2 473 289 61 

FRA Total 2063 1150 56 

GCL 1 1590 881 55 

GCL 2 473 269 57 

*Abbreviations denoting survey type mean the following: CDS = course development survey, RA = reflective 

assignment, IRA = initial reflective assignment, and FRA = final reflective assignment.  
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A.VI.2. Survey Participant Exclusion, Missing Values, & Final Sample Sizes 

Managing data to account for participants who were under the age of consent, duplicate 

participants, and those who returned incomplete surveys, multiple steps were taken. First, 

participants who opted out of the study or were under the age of consent were removed from the 

sample (Table 6.9). After these participants were removed from the sample, each dataset was 

checked for duplicate participants, those who submitted more than one survey during a particular 

semester or survey administration.  

Duplicate participants were attended to in one of two ways: 1) a participant’s first 

recorded response was kept for analysis if the response was fully complete, leading to the second 

recorded response being removed from analyses, or 2) if a participant had a partially complete or 

blank survey recorded for the first response and the second response was fully complete, the 

second recorded response was kept for data analyses while the first response was removed from 

the dataset. First recorded responses were the most desirable to maintain in data analysis, due to 

the belief that participants were responding with their initial thoughts and priming was not 

present to potentially influence or adjust a student’s response. Duplicate participants were not 

commonplace and were most likely the result of either 1) some surveys lacking the presence of a 

“back” button, causing participants to advance through the survey and request a new link or 2) an 

accidental error within survey solicitations causing the investigator to send duplicate emails 

participants to believe they needed to submit more than one survey to receive credit.  

Anonymous participants, although rare, were also removed.  Within the Fa21 IRA survey 

sample (Table 6.9) a participant failed to identify themselves. This lack of identification caused 

the survey participant to be removed from the sample, due to the inability to determine if this 

participant opted out of the study or were under the age of consent. A lack of identity confirming 

information also affected a small portion of the sample in Fa19, Sp20, Su20, Fa20, and Fa21 

semesters, where minute subsets of the samples returned no registrar information, so the age of 

consent to participate was not able to be validated (Table 6.9).   
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Table 6.9. Criteria for removal of participants based on opt-out, lack of registrar information, 

duplicate surveys, and incomplete surveys (n). 

Semester Survey Course Opt-Out  

No 

Registrar 

Info on 

File 

Primary 

Cases 

Duplicate 

Cases 

Incomplete 

Surveys 

Fa19 CDS 
Total 21 4 1270 N/A 32 

GCL 1 18 2 975 N/A 25 

GCL 2 3 2 295 N/A 7 

Sp20 CDS Total 10 1 1021 N/A 35 

GCL 1 8 1 658 N/A 23 

GCL 2 2 N/A 363 N/A 12 

Su20 CDS Total 2 1 105 4 N/A 

GCL 1 2 1 67 4 N/A 

GCL 2 N/A N/A 38 N/A N/A 

Fa20 CDS Total 16 2 1163 N/A 48 

GCL 1 15 1 884 N/A 36 

GCL 2 1 1 279 N/A 12 

Sp21 RA Total 5 N/A 228 N/A 14 

GCL 1 5 N/A 228 N/A 14 

Fa21 IRA Total 53 11* 1251 3 29 

GCL 1 44 8 973 3 25 

GCL 2 9 2 278 N/A 4 

FRA Total 47 3 1101 2 38 

GCL 1 39 2 841 1 31 

GCL 2 8 1 260 1 7 

*Denotes an anonymous participant who lacked identifying information. Abbreviations denoting survey type mean 

the following: CDS = course development survey, RA = reflective assignment, IRA = initial reflective assignment, 

and FRA = final reflective assignment.  

Once the dataset was modified to account for obligatory participant removal and the 

exclusion of idiosyncratic cases, each semester was analyzed for the presence of incomplete 

responses or missing values. Missing values were assigned to the dataset according to the 

question being asked and the variable type. Open answer survey responses were considered 

incomplete or missing if a participant left either a blank or random alphanumeric response. 

Random alphanumeric responses included respondents who answered a question with random 

letters, numbers, or symbols as their full response (e.g., “.”, “x”, etc.). Multiple choice questions 

were marked as incomplete if no response was recorded. Questions in which respondents were 
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asked to rank skills based on perceived importance to their career goal were considered 

incomplete if a skill was missing a numerical ranking.  

When coding for missing responses, Fa20 presented a special case as Fa20 contained a 

display logic question, in which a participant was only directed to an additional question if they 

answered a previous question with a certain response. Participants who responded “Yes” to 

having had an internship or shadowing experience were advanced to an open answer prompt 

asking them to provide additional details of their experiences. For participants who answered 

“No”, no further questions asking participants to elaborate on their internship/shadowing 

experiences were displayed, known as skip logic. Because of this, if a participant answered 

“Yes” to the multiple-choice question and did not provide an open answer response, the open 

answer response was considered a missing or incomplete value. Additionally, because skip logic 

produces intentionally missing values, participants who answered “No” to the multiple-choice 

question did not have the follow-up open answer response treated as a missing value.   

Multi-response questions and additional questions were other important exceptions when 

investigating missing values. If a participant did not select an option within a multi-response 

question, it could be the outcome of a particular choice being excluded from the participant’s 

selection process. It is not always indicative that a participant ignored or skipped the question 

(Smyth et al., 2008). Questions that prompted additional comments and/or suggestions based on 

prior answers were not treated as missing values if a participant chose not to respond. These 

questions were designed to be open spaces for additional thoughts but were not designated as key 

survey questions. An exception to this was within the Fa21 FRA surveys, that contained a 

question prompting students to provide thoughts on additions that could be made to the course to 

better include skill development. This was considered part of the primary questions, so missing 

responses were treated as incomplete.  

After identifying and removing participants with incomplete survey responses based on 

the guidelines outlined above, the number of complete surveys used in analysis, completion rate, 

and final sample size resulted in the data compiled in Table 6.10 on the following page (page 

308).  
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Table 6.10. Completion rate of surveys and final sample size. 

Semester Survey Course 

Complete 

Surveys (n) 

Completion 

Rate (%) 

Final 

Sample 

Size (n) 

Fa19 CDS Total 1238 97 1238 

GCL 1 950 97 950 

GCL 2 288 98 288 

Sp20 CDS Total 986 97 986 

GCL 1 635 97 635 

GCL 2 351 97 351 

Su20 CDS Total 101 96 101 

GCL 1 63 94 63 

GCL 2 38 100 38 

Fa20 CDS Total 1115 96 1115 

GCL 1 848 96 848 

GCL 2 267 96 267 

Sp21 RA Total 214 94 214 

GCL 1 214 94 214 

Fa21 IRA Total 1222 98 1222 

GCL 1 948 97 948 

GCL 2 274 99 274 

FRA Total 1063 97 1063 

GCL 1 810 96 810 

GCL 2 253 97 253 

*Abbreviations denoting survey type mean the following: CDS = course development survey, RA = reflective 

assignment, IRA = initial reflective assignment, and FRA = final reflective assignment.  
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A.VI.3. Missing Values Synopsis 

Analysis of missing values primarily resulted in expected trends. Using Figures 6.10, 6.12, 6.14, 

6.16., 6.18, 6.20, and 6.22 to explore these trends, a cell is coded for either containing a response 

(no color) or missing a response (colored red) to depict the major response patters. Additionally, 

the percent of participants who fit within each patter is located in Figures 6.11, 6.13, 6.15, 6.17, 

6.19, 6.21, and 6.23.  

The primary pattern observed was surveys in which all responses items were completed 

(Pattern 1). Sp21 was no exception to this, as Pattern 1 was missing an optional question, 

indicating that the remaining questions were fully completed. The stepwise drop off that is 

clearly depicted in Fa19, Sp20, Fa21 IRA, and Fa21 FRA was also an expected trend, in which 

participants gradually drop off and stopped responding as the questioning progressed, also 

referred to as a monotone pattern (Lavrakas, 2008). This is captured in the Fa20 and Sp21 data as 

well, although it is harder to visualize with the inclusion of optional or additional responses 

overshadowing this trend. Su20 presented a unique scenario in which all surveys returned were 

fully completed. The one pattern that contained a missing value pertains to a sole case, in which 

a student had responded “No” to the multiple-choice question of whether they had a 

shadowing/internship experience and answered the follow-up question with a dash mark. This 

type of response can be expected in which a follow-up response is not applicable.  

When addressing the percent participants who fell within each pattern of missing values, 

overwhelmingly Pattern 1 was the most common pattern for all semesters. Pattern 1 was 

representative of surveys that were returned to full completion, a trend that can also be seen 

within the high completion rate for each semester reflected in (Table 6.9). Although it may be 

perceived that Sp21 is the exception to this theme, the most common pattern, Pattern 4, was 

representative of participants completing all questions besides additional or optional questions. 

All corresponding figures are present on pages 311 – 317.
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Figure 6.10. Fa19 missing values pattern analysis (D = question/prompt exploring development 

in course(s), N = question/prompt exploring skills needed for career goal). 

 

 

Figure 6.11. Fa19 missing values percent of cases (cases denote number of participants)(%). 
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Figure 6.12. Sp20 missing values pattern analysis (D = question/prompt exploring development 

in course(s), N = question/prompt exploring skills needed for career goal). 

 

 

Figure 6.13. Sp20 missing values percent of cases (cases denote number of participants)(%). 
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Figure 6.14. Su20 missing values pattern analysis (D = question/prompt exploring development 

in course(s), N = question/prompt exploring skills needed for career goal, C = question/prompt 

exploring skills wanted to develop in course but did not yet have chance to).  

 

 

 

Figure 6.15. Su20 missing values percent of cases (cases denote number of participants)(%). 
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Figure 6.16. Fa20 missing values pattern analysis (D = question/prompt exploring development 

in course(s), N = question/prompt exploring skills needed for career goal, C = question/prompt 

exploring skills wanted to develop in course but did not yet have chance to).  

 

Figure 6.17. Fa20 missing values percent of cases (cases denote number of participants)(%). 

Only the 10 most frequently occurring patterns are shown in the chart. 
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Figure 6.18. Sp21 missing values pattern analysis (D = question/prompt exploring development 

in course(s)).  

 

 

Figure 6.19. Sp21 missing values percent of cases (cases denote number of participants)(%). 
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Figure 6.20. Fa21 IRA missing values pattern analysis (U = question/prompt exploring skills 

wanted to develop during undergraduate career). 

 

 

 

Figure 6.21. Fa21 IRA missing values percent of cases (cases denote number of 

participants)(%). 
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Figure 6.22. Fa21 FRA missing values pattern analysis (D = question/prompt exploring 

development in course(s)).  

 

 

 

Figure 6.23. Fa21 FRA missing values percent of cases (cases denote number of 

participants)(%). 
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A.VI.4. Comparison of Survey Sample Participants to Non-participating Students  

The same method of testing used to determine if interview participants differed from the 

remaining course population, through application of independent samples t-testing, was also used 

for survey participants. The participating sample (survey participants) were defined as the 

sample of students used in analyses after data cleaning. The non-participating sample (non-

participants) were survey participants removed from analyses due to incomplete or blank 

surveys, students who did not start or return a survey, and students who participated in the 

interview process for the corresponding semester under investigation. Composite SAT were 

initially used to determine if survey sample participants were representative of the non-

participant student sample. As the study progressed, reporting SAT scores (and/or ACT scores 

that were sometimes used in conjunction with concordance tables to convert to SAT scores) for 

admission became optional. College admission shifted to a reliance on math placement scores, 

which affected this study’s representation for SP21 and FA21 semesters(Michigan State 

University: Office of Admissions, n.d.). Not all participants had either SAT or math placement 

scores reported, resulting in the missing values synopsis in Table 6.11. 

Only one comparison was made for Fa19, Sp20, Su20, Fa20, and Sp21 semesters, where 

one survey was administered. However, Fa21 facilitated the necessity of making multiple 

comparisons as it consisted of an initial (IRA) and final reflective survey (FRA), in which 

participants engaged in either one or both surveys. Because the results of Fa21 IRA and FRA are 

analyzed at separate times, two sets of comparison tests were conducted. The first comparison 

test comprised of only those participants who took the initial reflective assignment (Only IRA 

Survey Participants) against non-IRA participants (participants who could be present in the FRA 

sample but not the IRA sample). The second comparison test included participants who only 

completed the final reflective assignment (Only FRA Survey Participants) against non-FRA 

participants (participants who could be present in the IRA sample but not the FRA sample). The 

data used in this testing was assumed to be normally distributed due to the theory that large 

sample sizes that exceed n> 30 follow the central limit theorem and can be assumed to follow a 

normal distribution satisfying the assumption for normality (Ghasemi & Zahediasl, 2012; 

Lumley et al., 2002; Singh, 2015).  

Most semester samples met the assumption of equal variances (Table 6.12). However, 

comparison of Fa21 FRA returned a violation of the assumption of equal variances. This 
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violation facilitated the use of a different t-test value that factored in the presence of unequal 

variances. Fa19, Sp20, Su20, Sp21, and all Fa21 testing returned insignificant t-test results (a 

> 0.050) and retained the null hypothesis that there was no difference in mean test scores (Table 

6.13). This indicated that the survey samples were a satisfactory representation of the population. 

Fa20 returned a significant result (p = 0.006), rejecting the null hypothesis that there was no 

difference in mean test scores. However, the effect size of this result (d = 0.168) was below the 

cutoff for a small effect (d=0.20) and the difference between mean test scores was determined to 

be trivial due to the large sample sizes used in testing. Within each semester, the participating 

sample was deemed an acceptable representation of the non-participating sample based on the 

comparison of mean SATX and math placement scores. It is important to note that these tests 

were not conducted to generalize study findings to the overall population, but to confirm that the 

sample was an accurate representation and did not deviate significantly from the non-

participating sample. All corresponding tables are located on pages 320 – 321.  
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Table 6.11. Samples used in analysis of SAT scores. 

Semester Sample   

Total 

(n) 

Scores Used 

in Analysis 

(n) 

Missing 

Scores (n) 

Missing 

scores 

(%) 

Fa19 All Survey  

Participants 

Participant 1238 1201 37 3 

Non-

participant 627 611 16 3 

Sp20 All Survey  

Participants 
Participant 986 967 19 2 

Non-

participant 661 638 23 3 

Su20 All Survey  

Participants 
Participant 112 102 10 9 

Non-

participant 72 64 8 11 

Fa20 All Survey  

Participants 
Participant 1115 1078 37 3 

Non-

participant 753 728 25 3 

Sp21 All Survey  

Participants 
Participant 214 180 34 16 

Non-

participant 852 719 133 16 

Fa21 All Survey  

Participants 
Participant 1469 1213 256 17 

Non- 

Participant 570 449 121 21 

Only IRA Survey 

Participants 
Participant 1222 1003 219 18 

Non- 

Participant 817 659 158 19 

Only FRA Survey 

Participants 
Participant 1063 897 166 16 

Non- 

Participant 976 765 211 22 

Recurring IRA & 

FRA Survey 

Participants 

Participant 815 686 129 16 

Non- 

Participant 1224 976 248 20 

Table 6.12. Levene’s test for homogeneity of variances of SAT scores. 

Semester Sample Test Scores 

Levene's Test  

df Value Significance Outcome 

Fa19 All Survey 

Participants 

SAT 2.297 0.130 Equal Variances 

Assumed 

1810 

 
Sp20 All Survey 

Participants 

SAT 0.093 0.760 Equal Variances 

Assumed 

1603  

 
Su20 All Survey 

Participants 

SAT 2.202 0.140 Equal Variances 

Assumed 

164  

 
Fa20 All Survey 

Participants 

SAT 0.064 0.800 Equal Variances 

Assumed 

1804  

 
Sp21 All Survey 

Participants 

Math 

Placement 

0.006 0.937 Equal Variances 

Assumed 

897  

 

Fa21 
IRA Survey 

Participants 

Math 

Placement 1.533 

0.216 Equal Variances 

Assumed 

1660  

 

 
FRA Survey 

Participants 

Math 

Placement 

4.359 0.037 Equal Variances 

Not Assumed 

1660  
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Table 6.13. Independent samples t-test of SAT scores. 

Semester Sample 

Test 

Scores 

Sample 

Mean (μ) 

t-test 

df Value 

Significance 

(p - value) 

Fa19 All Survey 

Participants 
Participant 

SAT 
1240.17 

2.168 0.112 1810 

Non-

participant 1225.89 

Sp20 All Survey 

Participants 
Participant 

SAT 
1217.03 

-0.441 0.791 1603 

Non-

participant 1219.91 

Su20 All Survey 

Participants 
Participant 

SAT 
1206.26 

-1.755 0.219 164 

Non-

participant 1241.2 

Fa20 All Survey 

Participants 
Participant 

SAT 
1224.00 

3.494 0.006* 1804 

Non-

participant 1202.53 

Sp21 All Survey 

Participants 
Participant 

MP 
15.07 

-0.145 0.953 897 

Non-

participant 15.14 

Fa21 Only IRA 

Survey 

Participants 

Participant 
MP 

16.56 
1.159 0.437 1660 

Non- 

Participant 16.23 

Only FRA 

Survey 

Participants 

Participant 
MP 

16.52 
0.637 0.704 1639.

97 
Non- 

Participant 16.34 

*Use of t-test value that failed the assumption of homogeneity of variances caused differences seen in degrees of 

freedom reported for these samples. †SAT = SAT scores and MP = Math Placement scores. 
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A.VI.5. Participant Demographics  

Survey demographics disaggregated by semester around found below within Table 6.14. Chi-

square test for association was used to determine differences between the categorical variables of 

gender, first-generation status, class standing, and ethnicity. Although some assumptions were 

outlined in the main text, further assumptions needed to be satisfied for use of this test. An 

additional assumption of these tests is that samples are independent of one another, meaning that 

a participant present in one group (e.g., first-generation student in Fa21 semester) may not be 

present in another (e.g., first-generation student in Sp21 semester). This assumption was violated 

for a small subsample of participants (Table 6.15). A total of n = 390 participants, across the six 

semesters in which this study was conducted, were found to have participated in surveys during a 

maximum of two different semesters. However, because the aim of this testing was not to 

determine relationships between pre/posttests, and because the affected sample size was 

comparatively small, this was not believed to affect the outcomes of these tests.  

An additional assumption is that the lowest observed cell count, of any cell in the 

contingency table, be ≥ 5. If an observed cell count was lower than 5, this facilitated the use of 

reporting the Fisher Exact Test value and associated p-value in place of either Pearson Chi-

Square or Yates Correction for Continuity. While most significance detected for demographic 

variables explored in the main text did not have sufficient effect sizes to warrant further 

exploration, class standing and age prompted further investigation due to significance 

accompanied by a small effect size. Accounting for the differences between class standing and 

semester, Table 6.16 displays the semesters contributing to significance. The outcomes of the 

Games-Howell post hoc analysis of age across semesters in Table 6.17 displays the variables 

contributing to the small effect size found for the significant ANOVA test. 
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Table 6.14. Survey participant demographics, n (%). 

  

Semester 

Fa19 

(n = 1238) 

Sp20 

(n = 986) 

Su20 

(n = 112) 

FA20 

(n = 1,115) 

Sp21 

(n = 214) 

Fa21 

(n = 

1,469) 

Total 

(n = 

5,134)  

Course 

GCL1 950  

(76) 

635  

(64) 

70  

(62) 848 (76) 

214 

(100) 1,131 (77) 

3,848 

(75) 

GCL2 
288 

(23) 

351  

(36) 

42  

(38) 267 (24) N/A 

338  

(23) 

1,286 

(25) 

Legal Sex 

Female 713  

(58) 

613  

(62) 

60  

(54) 661 (59) 138 (64) 

902  

(61) 

3,087 

(60) 

Male 
525  

(42) 

373  

(38) 

52  

(46) 454 (41) 

76  

(36) 

567  

(39) 

2,047  

(40) 

First Generation Status 

First Generation 

Student 

251  

(20) 

216  

(22) 

24  

(21) 223 (20) 

60  

(28) 

325  

(22) 

1,099 

(21) 

Continuing 

Generation Student 

987  

(80) 

770  

(78) 

88  

(79) 892 (80) 154 (72) 1,144 (78) 

4,035 

(79) 

Class Standing 

Lower Classman 1,006  

(81) 

797  

(81) 

51  

(46) 836 (75) 178 (83) 1,168 (80) 

4,036 

(79) 

Upper Classman 
232  

(19) 

189  

(19) 

61  

(54) 279 (25) 

36  

(16) 

301  

(20) 

1,098 

(21) 

Age Ranges 

18-20 1,111  

(90) 

875  

(89) 

70  

(63) 956 (86) 195 (91) 1,326 (90) 

4,533 

(88) 

21-23 
108  

(9) 

106  

(11) 

36  

(32) 142 (13) 

18  

(8) 

119  

(8) 

529 

(10) 

24+ 
19  

(2) 

5  

(1) 

6  

(5) 

17  

(2) 

1  

(1) 

24  

(2) 

72 

(1) 

Mean 
19.1 19.1 20.5 19.3 18.8 19.1 19.2 

*The Fa21 sample contains both Fa21 IRA and FRA participants combined, with students who took both surveys 

during this semester only being represented once. §Sums of percentages may add up to greater than 100% due to 

rounding. Percentages were rounded up or down based on the tenths decimal place according to the following 

guidelines: 1) 0.5 the percentage was rounded up, 2) <0.5 the percentage was rounded down, and 3) if there were 

two categories within a variable that had 0.5 in the tenths place the percentage was rounded up if following an odd 

number and down if following an even number. 

 

 

 

 

 



 324 

Table 6.15. Recurring participants by semester (n). 

  

Last Semester Survey was Taken  

Sp20 Su20 Fa20 Sp21 Fa21 

First 

Semester 

Survey 

was 

Taken 

Fa19 167 3 47 1 10 

Sp20 — 13 56 — 12 

Su20 — — 7 — 1 

Fa20 — — — — 39 

Sp21 — — — — 34 

 

Table 6.16. Adjusted residuals of class standing by semester (Bonferroni adjusted critical value 

for residuals ± =2.9). 

Semesters Tested Adjusted Residual Expected Count Observed Count 

Fa19 x Lower Classman 2.6 973.9 1006 

Fa19 x Upper Classman 
-2.6 264.1 232 

Sp20 x Lower Classman 
1.8 775.6 797 

Sp20 x Upper Classman 
-1.8 210.4 189 

Su20 x Lower Classman 
-8.5* 79.5 45 

Su20 x Upper Classman 
8.5* 21.5 56 

Fa20 x Lower Classman 
-3.4* 877.1 836 

Fa20 x Upper Classman 
3.4* 237.9 279 

Sp21 x Lower Classman 
1.6 168.3 178 

Sp21 x Upper Classman 
-1.6 45.7 36 

Fa21 x Lower Classman 
0.9 1155.6 1168 

Fa21 x Upper Classman 
-0.9 313.4 301 

*Adjusted residuals above or below Bonferroni adjusted critical value. 
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Table 6.17. Games-Howell post hoc analysis of age between semesters (Bonferroni adjusted 

critical value of α = 0.00). 

Reference 

Semester  

Mean of 

Reference 

Semester  

Semester 

Tested 

Against  Mean Difference Significance 

Fa19  19.09 Sp20  -0.02 1.000 

Su20 -1.53 0.001* 

Fa20 -0.26 0.001* 

Sp21 0.26 0.058 

Fa21 -0.03 1.000 

Sp20  19.11 Fa19 0.02 1.000 

Su20 -1.51 0.001* 

Fa20 -0.24 0.001* 

Sp21 0.28 0.022 

Fa21 -0.01 1.000 

Su20 20.61 Fa19 1.53 0.001* 

Sp20  1.51 0.001* 

Fa20 1.26 0.001* 

Sp21 1.79 0.001* 

Fa21 1.50 0.001* 

Fa20 19.35 Fa19 0.26 0.001* 

Sp20  2.44 0.001* 

Su20 -1.26 0.001* 

Sp21 0.52 0.001* 

Fa21 0.24 0.001* 

Sp21 18.83 Fa19 -0.26 0.058 

Sp20  -0.28 0.022 

Su20 -1.79 0.001* 

Fa20 -0.52 0.001* 

Fa21 -0.29 0.016 

Fa21 19.12 Fa19 0.03 1.000 

Sp20  0.01 1.000 

Su20 -1.50 0.001* 

Fa20 -0.24 0.001* 

Sp21 0.29 0.016 
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A.VI.6. Benjamini-Hochberg & Bonferroni Adjustment of p-values Methodology  

Use of the BH-FDR method was optimal for adjustment of primary hypothesis test values due to 

its decreased sensitivity for the large volume of testing conducted throughout this study. The 

BH-FDR method involved organizing p-values from smallest to largest and assigning rankings 

(i) to the organized p-values, with the smallest p-value having a ranking of 1 (Benjamini & 

Hochberg, 1995). Once rankings were assigned, the number of tests (m) and conventionally used 

false discovery rate (q) of 0.050 were determined and a new critical value was defined using the 

equation (i/m)*q. Statistical Analysis Software (SAS) was used to further compute adjusted p-

values based on these parameters. All values reported were based on the SAS output. Values 

below 𝛼 = 0.050 were determined to be significant. The script used to perform these 

adjustments in SAS can be found below.  

Script used in SAS to adjust p-values: 

libname a "C:\Users\eggly\OneDrive\Desktop";  

run; 

 

(IMPORT EXCEL); 

 

proc contents data=a.full_list varnum; 

run; 

 

proc freq data=a.full_list; 
table Main; 

run; 

 

proc means data=a.full_list; 

where Main EQ 'Main'; 

var raw_p; 

run; 

 

PROC MULTTEST inpvalues=a.full_list holm hoc fdr out=a.adjusted; 

run; 

 

(MANUAL EXPORT); 

To adjust for multiple comparisons, within ANOVA hypothesis tests and adjusted 

residuals, a new critical value was defined using the B-FWER method – the number of subtests 

(m) were divided by the original critical value (𝛼 = 0.050) using the formula 𝛼/𝑚 (Lewis-Beck 

et al., 2012). For ANOVA post hoc testing, no further calculations were made. However, since 

adjusted residuals were in the form of standard z scores, the adjusted critical value then had to be 

converted to a standardized score. Original ANOVA post hoc p-values that fell below the 
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adjusted critical value or adjusted residuals that were above or below the newly defined critical 

value threshold were determined to be significant.  
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A.VI.7. Guidelines for Reporting & Interpreting Effect Sizes  

Effect size applied throughout this dissertation relied on the following guidelines presented in 

Table 6.18. Further explanation regarding these values are also explored below.  

Table 6.18. Effect size ranges and magnitudes. 

Effect Size Related Test Range Magnitude of Effect 

Cohen’s d (d)  

 

Independent Samples t-

test 

 

0.00 - 0.20  Negligible  

0.20 - 0.50  Small Effect  

0.50 - 0.80  Medium Effect  

≥ 0.80 Large Effect  

Eta-squared (𝜂2) ANOVA  0.00 - 0.01 Negligible  

0.01 - 0.06 Small Effect  

0.06 - 0.14 Medium Effect  

≥ 0.14 Large Effect  

Phi (φ) (Also 

applicable for 

Cramer’s V (V) with 

the lowest degree of 

freedom = 1) 

 

Chi-square Test for 

Association 

 

0.00 - 0.09 Negligible  

0.10 - 0.30  Small Effect  

0.30 - 0.50  Medium Effect  

≥ 0.50 Large Effect  

Cramer’s V (V)(lowest 

degree of freedom = 2)  

Chi-square Test for 

Association 

 

0.00 - 0.07 Negligible 

0.07 - 0.21 Small Effect 

0.21 - 0.35 Medium Effect 

≥ 0.35 Large Effect 

Cramer’s V (V) (lowest 

degree of freedom ≥ 3) 

 

Chi-square Test for 

Association 

 

0.00 - 0.06 Negligible 

0.06 - 0.17 Small Effect 

0.17 - 0.29 Medium Effect 

≥ 0.29 Large Effect 

Developed by Jacob Cohen, Cohen’s d (d) is used to report effect sizes for independent 

samples t-tests and represents the standardized mean difference between two samples (Cohen, 

1988; Lakens, 2013; Salkind, 2012). Guidelines on interpreting the magnitude of d as defined by 

Cohen are outlined in Table 6.18. Eta-squared (𝜂2) measures the relationship between the 

variance of a dependent variable (e.g., age) and how much of this variance is attributed to the 

independent samples being tested (e.g., semester) for analysis of variance, or ANOVA (Cohen, 

1988; Gravetter & Wallnau, 2017; Lakens, 2013). The effect sizes and ranges for interpretation 

of 𝜂2 as characterized by Cohen are illustrated in Table 6.18 (Cohen, 1988). Originally proposed 

as a bias corrected measure to 𝜂2  by Truman Kelly, epsilon-squared (𝜀2) measures the 

relationship between the variance in mean ranks of samples and the independent ordinal variable 

(Allen, 2018; Jaccard & Becker, 1990; Kelley, 1935). This measure of effect size does not have 
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clearly defined ranges for interpretation but follows the convention similar to r2, where values of 

0 represent a lack of relationship between the dependent and independent variable and values of 

1 represent a perfect relationship (Jaccard & Becker, 1990).  

Effects sizes corresponding to the chi-square test of association (𝜒2) relied on two 

separate values depending on the size of the contingency table. Phi (φ) coefficient was reported 

for traditional 2x2 contingency tables, whereas Cramer’s V (V) was used for larger contingency 

tables (Cohen, 1988; Reid, 2022). Cohen outlined general guidelines for interpretation of φ and V 

located in Table 6.18 (Cohen, 1988). When interpreting Cramer’s V, the degrees of freedom 

play an important role in determining the range and magnitude of the effect size (Gravetter & 

Wallnau, 2017). To determine what magnitude to use, the lowest degree of freedom (df) for 

either the row or column is considered and used to interpret the ranges outlined in Table 6.18. 

To exemplify this, a 2 x 3 contingency table would have a row count (n) = 2 and a column count 

(n) = 3. The degrees of freedom (df = n - 1) for the row would equal 1 and for the column would 

equal 2. Since 1 is the lower degrees of freedom, the ranges outlined for phi coefficient would be 

applicable for this contingency table.   
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A.VI.8. Fa19 Pilot Survey  

Opening Text. Employers who hire MSU graduates for science, engineering, and health-related 

careers have identified the most important skills they are seeking in new hires. You will be asked 

about nine of these skills in this survey.    

 

We would like your perspective on which of these skills you are building in your general 

chemistry lab course (CEM 161 or CEM 162). We would also like your thoughts on which skills 

will be helpful in your planned career.  

 

Your individual responses will not be viewed by your TA or your course coordinator. We 

encourage you to take this survey on a laptop or desktop computer, which will make it easier 

to respond to questions, particularly open-ended questions requiring an input of text. 

 

We request your permission to examine these data for our research. Your participation is 

completely voluntary, anonymous, and confidential. You will receive credit for completing the 

survey regardless of whether you agree to participate in this research or not. Your responses will 

have no bearing on your course grade or any other course at Michigan State University. You 

must be 18 or older to participate in this research project. If you do not wish to participate or are 

younger than 18 years old, please email [redacted email] and include your name and course 

number. 

 

Question 1: What is your current career goal? (Open Answer- forced entry) 

Question 2: Which general chemistry lab course are you currently enrolled in? (Multiple 

Choice- forced entry)  

Multiple Choice 1: CEM 161 (General Chemistry Laboratory I)  

Multiple Choice 2: CEM 162 (General Chemistry Laboratory II) 

Question 3: Which of these skills are you developing in your general chemistry lab course? 

Identify skills that you will need for your future career.  Check the boxes that apply.  (Multi-

response)  

Skills to select from for either “Gen Chem Lab” or “Future Career” and the descriptions 

provided: 
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a) Communicating Effectively: conveying information clearly, making persuasive 

arguments, listening carefully.  

b) Contributing to a Team: doing a fair share of work, valuing contributions of others, 

identifying and using strengths of team members to complete project, knowing when 

to lead and when to follow.  

c) Developing Professional/Technical Skills: mastering new tools and techniques to 

achieve goals, selecting appropriate methods or tools.  

d) Embracing Change: accepting change and seeing it as an opportunity, being open to 

new approaches.  

e) Acquiring Knowledge: absorbing new information and concepts, connecting related 

concepts, identifying appropriate outside resources.  

f) Managing Time and Priorities: dividing a large project into smaller manageable tasks 

and developing a plan, distinguishing essential from trivial, prioritizing urgent tasks, 

staying on task.  

g) Solving Problems: defining a problem, developing and executing a plan, drawing on 

multiple perspectives, using reliable outside sources to guide solutions.  

h) Working with Data: sorting through data, selecting appropriate methods for analysis, 

making sense of conflicting information, recognizing assumptions in analysis.  

i) Working in a Diverse Environment: valuing different perspectives and experiences, 

using differences to achieve better results, identifying and working to overcome 

biases.  

j) Validation: for survey validation please select “Gen Chem Lab”  

Question 4a: Select one of the nine professional skills listed below that you are developing in 

general chemistry lab. (Multiple Choice – forced responses)  

Multiple Choice 1: Communicating Effectively  

Multiple Choice 2: Contributing to a Team 

Multiple Choice 3: Developing Professional/Technical Skills 

Multiple Choice 4: Embracing Change 

Multiple Choice 5: Managing Time and Priorities 

Multiple Choice 6: Solving Problems 

Multiple Choice 7: Working with Data 
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Multiple Choice 8: Working in a Diverse Environment 

Multiple Choice 9: Acquiring Knowledge 

Question 4b: Provide specific examples of the work that you have done in general chemistry lab 

that has supported your growth in this area.    

Question 5a: Select a second professional skill from the nine listed below that you are 

developing in general chemistry lab. (Multiple Choice – forced responses)  

 Multiple Choice 1: Communicating Effectively  

Multiple Choice 2: Contributing to a Team 

Multiple Choice 3: Developing Professional/Technical Skills 

Multiple Choice 4: Embracing Change 

Multiple Choice 5: Managing Time and Priorities 

Multiple Choice 6: Solving Problems 

Multiple Choice 7: Working with Data 

Multiple Choice 8: Working in a Diverse Environment 

Multiple Choice 9: Acquiring Knowledge 

Question 5b: Provide specific examples of the work that you have done in general chemistry lab 

that has supported your growth in this area.    
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A.VI.9. Sp20 Survey  

Opening Text. Employers who hire MSU graduates for science, engineering, and health-related 

careers have identified the most important skills they are seeking in new hires. You will be asked 

about eleven of these skills in this survey.    

 

We would like your perspective on which of these skills you are building in your general 

chemistry lab course (CEM 161 or CEM 162). We would also like your thoughts on which skills 

will be helpful in your planned career. 

 

Your individual responses will not be viewed by your TA or your course coordinator. We 

encourage you to take this survey on a laptop or desktop computer, which will make it easier 

to respond to questions, particularly open-ended questions requiring an input of text. 

 

We request your permission to examine these data for our research. Your participation is 

completely voluntary, anonymous, and confidential. You will receive credit for completing the 

survey regardless of whether you agree to participate in this research or not. Your responses will 

have no bearing on your course grade or any other course at Michigan State University. You 

must be 18 or older to participate in this research project. If you do not wish to participate or are 

younger than 18 years old, please email [redacted email] and include your name and course 

number. 

 

Question 1: What is your current career goal? (Open Answer- forced entry) 

Question 2: Which general chemistry lab course are you currently enrolled in? (Multiple 

Choice- forced entry)  

Multiple Choice 1: CEM 161 (General Chemistry Laboratory I)  

Multiple Choice 2: CEM 162 (General Chemistry Laboratory II) 

Question 3: Which of these skills are you developing in your general chemistry lab course? 

Identify skills that you will need for your future career.  Check the boxes that apply. (Multi-

response)  

 

Skills to select from for either “Gen Chem Lab” or “Future Career” and the  

descriptions provided:  
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a) Communicating Effectively: conveying information clearly, making persuasive 

arguments, listening carefully. 

b) Contributing to a Team: doing a fair share of work, valuing contributions of others, 

identifying and using strengths of team members to complete project, knowing when 

to lead and when to follow.  

c) Developing Professional/Technical Skills: mastering new tools and techniques to 

achieve goals, selecting appropriate methods or tools.  

d) Embracing Change: accepting change and seeing it as an opportunity, being open to 

new approaches.  

e) Acquiring Knowledge: absorbing new information and concepts, connecting related 

concepts, identifying appropriate outside resources.  

f) Managing Time and Priorities: dividing a large project into smaller manageable tasks 

and developing a plan, distinguishing essential from trivial, prioritizing urgent tasks, 

staying on task.  

g) Solving Problems: defining a problem, developing and executing a plan, drawing on 

multiple perspectives, using reliable outside sources to guide solutions.  

h) Working with Data: sorting through data, selecting appropriate methods for analysis, 

making sense of conflicting information, recognizing assumptions in analysis.  

i) Working in a Diverse Environment: valuing different perspectives and experiences, 

using differences to achieve better results, identifying and working to overcome 

biases.  

j) Curiosity: interest in how the world around us works, eagerness to learn. 

k) Self-motivation: completing task on own initiative without prompting from others.  

l) Check the box for “Future Career.” This is to confirm that you are reading the 

questions before responding.  

Question 4a: Select one of the eleven professional skills listed below that you are developing in 

general chemistry lab. (Multiple Choice – forced responses)  

 Multiple Choice 1: Communicating Effectively  

Multiple Choice 2: Contributing to a Team 

Multiple Choice 3: Developing Professional/Technical Skills 

Multiple Choice 4: Embracing Change 
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Multiple Choice 5: Managing Time and Priorities 

Multiple Choice 6: Solving Problems 

Multiple Choice 7: Working with Data 

Multiple Choice 8: Working in a Diverse Environment 

Multiple Choice 9: Acquiring Knowledge 

Multiple Choice 10: Curiosity 

Multiple Choice 11: Self-motivation 

Question 4b: Provide specific examples of the work that you have done in general chemistry lab 

that has supported your growth in this area.    

Question 4c: How did going from an in-person course to an online course impact your ability to 

build the skill selected in your general chemistry laboratory course? 

Question 5a: Select a second professional skill from the eleven listed below that you are 

developing in general chemistry lab. 

Multiple Choice 1: Communicating Effectively 

Multiple Choice 2: Contributing to a Team 

Multiple Choice 3: Developing Professional/Technical Skill 

Multiple Choice 4: Embracing Change 

Multiple Choice 5: Managing Time and Priorities 

Multiple Choice 6: Solving Problems 

Multiple Choice 7: Working with Data 

Multiple Choice 8: Working in a Diverse Environment 

Multiple Choice 9: Acquiring Knowledge 

Multiple Choice 10: Curiosity 

Multiple Choice 11: Self-motivation 

Question 5b: Provide specific examples of the work that you have done in general chemistry lab 

that has supported your growth in this area.    

Question 5c: How did going from an in-person course to an online course impact your ability to 

build the skill selected in your general chemistry laboratory course? 
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A.VI.10. Su20 Survey  

Opening Text. Thank you for participating in this survey! We would like your perspectives on 

skills you may be building in your general chemistry lab course (CEM 161 or CEM 162). We 

would also like your thoughts on which skills will be helpful in your planned career.  

 

Your individual responses will not be viewed by your TA or your course coordinator. We 

encourage you to take this survey on a laptop or desktop computer, which will make it easier 

to respond to questions, particularly open-ended questions requiring an input of text. 

 

We request your permission to examine these data for our research. Your participation is 

completely voluntary, anonymous, and confidential. You will receive credit for completing the 

survey regardless of whether you agree to participate in this research or not. Your responses will 

have no bearing on your course grade or any other course at Michigan State University. You 

must be 18 or older to participate in this research project. If you do not wish to participate or are 

younger than 18 years old, please email [redacted email] and include your name and course 

number. 

 

Question 1: What is your current future career goal (after graduation)? (Open Answer) 

Question 2a: Have you had any opportunities to intern/shadow in the field of your future career 

goal? (Multiple Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No 

Question 2b: Please elaborate on your intern/shadowing experience. (If answered "No", respond 

N/A.) (Open Answer) 

Question 3: What attributes or skills do you believe a future employer would expect from recent 

college graduates applying for jobs in your planned career field? Select all that apply. (Multi-

Response) 

Multi-response Choice 1: Communicating Effectively: conveying information clearly, 

making persuasive arguments, listening carefully. External communication, outside of 

teamwork. 
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Multi-response Choice 2: Contributing to a Team: doing a fair share of work, valuing 

contributions of others, identifying and using strengths of team members to complete 

project, knowing when to lead and when to follow.  

Multi-response Choice 3: Developing Professional/Technical Skills:  mastering new tools  

and techniques to achieve goal, selecting appropriate methods or tools. 

Multi-response Choice 4: Embracing Change: accepting change and seeing it as an 

opportunity, being open to new approaches. 

Multi-response Choice 5: Acquiring Knowledge: absorbing new information and 

concepts, connecting related concepts, identifying appropriate outside resources. 

Multi-response Choice 6: Managing Time and Priorities: dividing a large project into 

smaller manageable tasks and developing a plan, distinguishing essential from trivial, 

prioritizing important and urgent tasks, staying on task. 

Multi-response Choice 7: Solving Problems: defining a problem, developing and 

executing a plan, drawing on multiple perspectives, using reliable outside sources to 

guide solutions. 

Multi-response Choice 8: Working with Data:  sorting through data, selecting appropriate 

methods for analysis, making sense of conflicting information, recognizing assumptions 

in analysis. 

Multi-response Choice 9: Working in a Diverse Environment: valuing different 

perspectives and experiences, using difference to achieve better results, identifying and 

working to overcome biases. 

Multi-response Choice 10: Curiosity: interest in how the world around us works, 

eagerness to learn.  

Multi-response Choice 11: Self-motivation: completing task on own initiative without 

prompting from others.  

Multi-response Choice 12: Check this box. This is to confirm that you are reading the 

questions before responding. 

Question 4: What general chemistry laboratory course are you currently enrolled in? (Multiple 

Choice) 

Multiple Choice 1: CEM 161   

Multiple Choice 2: CEM 162  
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Question 5: Which of the attributes or skills listed below do you believe that you are building in 

your general chemistry laboratory course? Select all that apply. (Multi-Response) 

Multi-response Choice 1: Communicating Effectively: conveying information clearly, 

making persuasive arguments, listening carefully. External communication, outside of 

teamwork. 

Multi-response Choice 2: Contributing to a Team: doing a fair share of work, valuing 

contributions of others, identifying and using strengths of team members to complete 

project, knowing when to lead and when to follow.  

Multi-response Choice 3: Developing Professional/Technical Skills:  mastering new tools  

and techniques to achieve goal, selecting appropriate methods or tools. 

Multi-response Choice 4: Embracing Change: accepting change and seeing it as an 

opportunity, being open to new approaches. 

Multi-response Choice 5: Acquiring Knowledge: absorbing new information and 

concepts, connecting related concepts, identifying appropriate outside resources. 

Multi-response Choice 6: Managing Time and Priorities: dividing a large project into 

smaller manageable tasks and developing a plan, distinguishing essential from trivial, 

prioritizing important and urgent tasks, staying on task. 

Multi-response Choice 7: Solving Problems: defining a problem, developing and 

executing a plan, drawing on multiple perspectives, using reliable outside sources to 

guide solutions. 

Multi-response Choice 8: Working with Data:  sorting through data, selecting appropriate 

methods for analysis, making sense of conflicting information, recognizing assumptions 

in analysis. 

Multi-response Choice 9: Working in a Diverse Environment: valuing different 

perspectives and experiences, using difference to achieve better results, identifying and 

working to overcome biases. 

Multi-response Choice 10: Curiosity: interest in how the world around us works, 

eagerness to learn.  

Multi-response Choice 11: Self-motivation: completing task on own initiative without 

prompting from others.  



 339 

Multi-response Choice 12: Check this box. This is to confirm that you are reading the 

questions before responding. 

Question 6a: Select a skill or attribute that you believe you are developing in the general 

chemistry lab. (Multiple Choice)  

Multiple Choice 1: Communicating Effectively  

Multiple Choice 2: Contributing to a Team 

Multiple Choice 3: Developing Professional/Technical Skills 

Multiple Choice 4: Embracing Change 

Multiple Choice 5: Managing Time and Priorities 

Multiple Choice 6: Solving Problems 

Multiple Choice 7: Working with Data 

Multiple Choice 8: Working in a Diverse Environment 

Multiple Choice 9: Acquiring Knowledge 

Multiple Choice 10: Curiosity 

Multiple Choice 11: Self-motivation 

Question 6b: Provide specific examples of the work that you have done in your general 

chemistry laboratory course that has supported your growth in this area.  

Question 6c: What impact do you think taking the general chemistry lab course online had on 

your ability to develop the skill or attribute that you selected? (Open Answer) 

Question 7: What skills did you want to gain from the general chemistry laboratory course that 

you have not had a chance to build upon during the current semester? Please elaborate. (You can 

mention skills seen previously or those not included on the list.)(Open Answer) 
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A.VI.11. Fa20 Survey 

Opening Text. Thank you for participating in this survey! We would like your perspectives on 

skills you may be building in your general chemistry laboratory course (GCL1/GCL2). We 

would also like your thoughts on which skills will be helpful in your planned career.  

 

Your individual responses will not be viewed by your TA or your course coordinator. We 

encourage you to take this survey on a laptop or desktop computer, which will make it easier 

to respond to questions, particularly open-ended questions requiring an input of text. 

 

We request your permission to examine these data for our research. Your responses will also be 

used to guide enhancements to the general chemistry laboratory curriculum to improve the 

experience for future students. Your participation is completely voluntary, anonymous, and 

confidential. You will receive credit for completing the survey regardless of whether you agree 

to participate in this research or not. Your responses will have no bearing on the grade in this 

course beyond the credit received for completing the survey or in any other course at Michigan 

State University. You must be 18 or older to participate in this research project. If you do not 

wish to participate or are younger than 18 years old, please email [redacted email] and include 

your name and course number. 

Question 1: What is your career goal following graduation? (Open Answer) 

Question 2a: Have you had an internship or job shadowing experience? (Multiple Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No  

Question 2b: Please elaborate on your shadowing experience. (Open Answer) 

Question 3: What skills will you need to be successful in your planned career? (Please elaborate. 

You can mention as many skills as you would like.) (Open Answer) 

Question 4a: Rank these skills from most important to least important, with 1 being the most 

important (can have duplicate numbers if skills are equally important). (Open Answer) 

EDC 1 to Rank: Teamwork 

EDC 2 to Rank: Critical Thinking and Problem Solving 

EDC 3 to Rank: Managing Time and Priorities 

EDC 4 to Rank: Communication Skills 
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EDC 5 to Rank: Self Motivation 

EDC 6 to Rank: Technical Skills  

Question 4b: This space is provided if you would like to provide additional comments on your 

ranking decisions above. (Open Answer) 

Visual Aid for Question 5:  

 

Question 5: If an employer showed you the list of these skills (shown above) and asked you to 

provide examples, how would you connect your experiences in your general chemistry 

laboratory course to this list? (You are welcome to talk about as many as you would like.) (Open 

Answer) 

Question 6: Do you believe these skills are valuable for success in your future career? (Multiple 

Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No  

Question 7: Do you believe that these skills are generally valuable in a variety of different 

careers? (Multiple Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No  
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Question 8: What skills did you want to gain from the general chemistry laboratory course that 

you have not had a chance to build upon during the current semester? Please elaborate. (You can 

mention skills seen previously or those not included on the list.) (Open Answer) 

Question 9: Has online learning affected your experience in your general chemistry lab course? 

(Please elaborate on your experience with your online general chemistry lab.) (Open Answer) 
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A.VI.12.1. Sp21 Scenario Prompt 

The following prompt was provided to students throughout the course of the semester at the 

beginning of each project within their scenario documents.  

 

Transferable Skills Development:  Several skills that are highly valued by employers, graduate 

schools, and professional schools when evaluating college graduates are listed below. Such skills 

are often referred to as transferable skills because they are necessary for success in the 21st 

century workforce in STEM, health-related fields, and beyond. This laboratory project provides 

opportunities for you to develop these skills. 

1. Communication Skills: communication in written, oral, and visual formats; presenting to 

different audiences; conveying information clearly and concisely to others; listening well.  

2. Teamwork: working well with others; recognizing one’s own strengths and weaknesses, 

as well of those of others; working in diverse and multidisciplinary teams to solve a 

problem. 

3. Problem Solving and Critical Thinking: defining a problem; proposing and testing 

hypotheses and solutions; analyzing and interpreting data; drawing conclusions from 

data.  

4. Managing Time and Priorities: prioritizing tasks; delegating time efficiently; 

completing work in a timely fashion; being well organized.  
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A.VI.12.2. Sp21 Reflective Assignment  

Opening Text. Throughout this semester you were introduced to transferable skills that are 

necessary for advancement in the 21st century workforce, as well as success in graduate and 

professional programs. The following questions ask you to reflect on your experiences in 

developing skills throughout the course.  

 

Question 1: How did the introduction to transferable skills throughout the course help you 

develop awareness of the skills that are needed in today’s workforce? (Open Answer) 

Question 2a: Do you think that the opportunities to develop transferable skills in your general 

chemistry laboratory course are valuable in helping to prepare for your future career? Circle, 

underline, or bold one of the following choices:  (Multiple Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No, I did not develop any transferable skills. 

Multiple Choice 3:  No, these skills will not contribute to success in my future career.  

Question 2b: Elaborate on your choice in part 2a. (Open Answer)  

Question 3: Rank the following transferable skills in order from most important (value of 1) to 

least important for your planned career, values can be repeated if skills are equally important 

(For example: Teamwork and Communication Skills could both be ranked as 1). Space is 

provided for you to add any skills that you think are important for success in the workforce 

and/or graduate and professional schools, but are missing from the list. (Open Answer) 

Rank Skill Rank  Skill  

______ Teamwork  ______ Problem Solving and Critical Thinking  

______ Communication Skills  ______ Managing Time and Priorities  

______ (Other) ___________________ ______ (Other) ___________________ 

______ (Other) ___________________ ______ (Other) ___________________ 

 

Question 4: Additional comments or suggestions about transferable skill development in your 

gen chem lab course. (Open Answer)  
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A.VI.13.1. Fa21 Initial Reflective Assignment (Fa21 IRA) 

Question 1: What career or additional schooling do you plan to pursue following graduation 

from MSU? (Open Answer) 

Question 2: What skills are needed to be successful in your planned career or additional 

schooling?(Open Answer) 

Question 3: In which of the skills listed above are you already proficient? (Open Answer) 

Question 4: Identify any skills from your list above that you would like to further develop during 

your college career. (Open Answer) 

 

Closing Text. We request your consent to use your responses in our research to enhance the 

experience in this course for future students. Participation in this study is completely voluntary, 

anonymous, and will not affect your grade in this or any other courses. Your general chemistry 

laboratory TA will not be notified of your answers or participation. In order to participate in this 

study you must be 18 years or older. If you agree to participate in this research, there is nothing 

further for you to do. If you are under 18 years old or do not wish to participate in the study, you 

can still complete the survey for extra credit, but please email [redacted email] with the subject 

line Opt Out of GCL1/2 Study from your MSU email to be excluded from the study.  

  

If you have general questions regarding the extra credit activity, please contact [author of study] 

at [redacted email] or [advisor of study] at [redacted email]. 
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A.VI.13.2. Fa21 Final Reflective Assignment (Fa21 FRA) 

Question 1: What career or additional schooling do you plan to pursue following graduation 

from MSU? (Open Answer) 

Question 2: What skills are needed to be successful in your planned career or additional 

schooling? (Open Answer) 

Question 3: In what ways did your general chemistry laboratory course help you develop the 

skills listed above?  Please provide specific examples of how activities, assignments, the 

classroom environment, course structure, or other experiences helped you build these skills. 

(Open Answer) 

Question 4: What additional things could be done in the general chemistry laboratory course(s) 

that could help you better develop the skills that you discussed above? (Open Answer) 

Question 5: Have you learned about skills sought by employers at MSU or in high school? 

(Multiple Choice) 

Multiple Choice 1: Yes, at MSU (excluding the general chemistry laboratory courses) 

Multiple Choice 2: Yes, in high school 

Multiple Choice3: Yes, both in high school and at MSU (excluding the general chemistry 

laboratory courses) 

Multiple Choice 4: No 

Multiple Choice 5: I’m not sure  

Question 6: Would you like to have more opportunities in your college courses to learn about the 

skills needed for your planned career goal and/or additional schooling? (Multiple Choice) 

Multiple Choice 1: Yes 

Multiple Choice 2: No 

 

Closing Text. We request your consent to use your responses for our research to enhance the 

experience in this course for future students. Participation in this study is completely voluntary, 

anonymous, and will not affect your grade in this or any other courses. Your general chemistry 

laboratory TA will not be notified of your answers or participation. In order to participate in this 

study you must be 18 years or older. If you agree to participate in this research, there is nothing 

further for you to do. If you are under 18 years old or do not wish to participate in the study, you 
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can still complete the survey for extra credit, but please email [redacted email] with the subject 

line Opt Out of CEM 161/162 Study from your MSU email to be excluded from the study.  

  

If you have general questions regarding the extra credit activity, please contact [author of study] 

at [redacted email] or [advisor of study] at [redacted email].  
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A.VI.14. Related Survey Questions Used as Groupings for Analysis  

Student Reported Career Goal 

a. Included in all surveys and reflective assignments, except for Sp21 Final Reflective 

Assignment.  

Multiple Choice and Open Answers Related to Prior Experience 

a. Su20 Question 2a and 2b.  

• Question 2a: Have you had any opportunities to intern/shadow in the field of your 

future career goal? (Multiple Choice) 

• Question 2b: Please elaborate on your intern/shadowing experience. (If answered 

"No", respond N/A.) (Open Answer) 

b. Fa20 Question 2a and 2b.  

• Question 2a: Have you had an internship or job shadowing experience? (Multiple 

Choice) 

• Question 2b: Please elaborate on your shadowing experience. (Open Answer) 

Open Answer Questions Relating to Skills Needed for Career Goal  

a. Fa20 Question 3.  

• Question 3: What skills will you need to be successful in your planned career? 

(Please elaborate. You can mention as many skills as you would like.) (Open 

Answer) 

b. Fa21 IRA Question 2. 

• Question 2: What skills are needed to be successful in your planned career or 

additional schooling?(Open Answer) 

c. Fa21 FRA Question 2.  

• Question 2: What skills are needed to be successful in your planned career or 

additional schooling? (Open Answer) 

Ranking of EDCs  

a. Fa20 Question 4a and 4b.  

• Question 4a: Rank these skills from most important to least important, with 1 

being the most important (can have duplicate numbers if skills are equally 

important). (Open Answer) 
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• Question 4b: This space is provided if you would like to provide additional 

comments on your ranking decisions above. (Open Answer) 

b. Sp21 FRA Question 3.  

• Question 3: Rank the following transferable skills in order from most important 

(value of 1) to least important for your planned career, values can be repeated if 

skills are equally important (For example: Teamwork and Communication 

Skills could both be ranked as 1). Space is provided for you to add any skills 

that you think are important for success in the workforce and/or graduate and 

professional schools, but are missing from the list. (Open Answer) 

Multi-Response EDC Development in Course and Skills Needed for Career Goal 

a. Fa19 Question 3.  

• Question 3: Which of these skills are you developing in your general chemistry 

lab course? Identify skills that you will need for your future career.  Check the 

boxes that apply.  (Multi-response) 

b. Sp20 Question 3.  

• Question 3: Which of these skills are you developing in your general chemistry 

lab course? Identify skills that you will need for your future career.  Check the 

boxes that apply. (Multi-response) 

c. Su20 Question 3 and 5.  

• Question 3: What attributes or skills do you believe a future employer would 

expect from recent college graduates applying for jobs in your planned career 

field? Select all that apply. (Multi-Response) 

• Question 5: Which of the attributes or skills listed below do you believe that 

you are building in your general chemistry laboratory course? Select all that 

apply. (Multi-Response) 

Questions Related to EDC Development in Course  

a.  Fa19 Survey Question 4b and 5b. 

• Question 4b and 5b: Provide specific examples of the work that you have done 

in general chemistry lab that has supported your growth in this area.    

• The above question is in relation to a skill selected from Question 4a and 5a.  
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• Question 4a: Select one of the nine professional skills listed below that you are 

developing in general chemistry lab. (Multiple Choice – forced responses) 

• Question 5a: Select a second professional skill from the nine listed below that 

you are developing in general chemistry lab. (Multiple Choice – forced 

responses) 

b. Sp20 Survey Question 4b and 5b. 

• Question 4b and 5b: Provide specific examples of the work that you have done 

in general chemistry lab that has supported your growth in this area.    

• The above question is in relation to a skill selected from Question 4a and 5a.  

• Question 4a: Select one of the eleven professional skills listed below that you 

are developing in general chemistry lab. (Multiple Choice – forced responses) 

• Question 5a: Select a second professional skill from the eleven listed below 

that you are developing in general chemistry lab. 

c. Su20 Survey Question 6b. 

• Question 6b: Provide specific examples of the work that you have done in your 

general chemistry laboratory course that has supported your growth in this 

area.  

• The above question is in relation to a skill selected from Question 6a.   

• Question 6a: Select a skill or attribute that you believe you are developing in 

the general chemistry lab. (Multiple Choice) 

d. Fa20 Survey Question 5.  

• Question 5: If an employer showed you the list of these skills (shown above) 

and asked you to provide examples, how would you connect your experiences 

in your general chemistry laboratory course to this list? (You are welcome to 

talk about as many as you would like.) (Open Answer) 

e. Sp21 Reflective Assignment Question 2a, 2b, and 4.  

• Question 2b: Elaborate on your choice in part 2a.  

• The above question is in relation to a skill selected from Question 6a.   

• Question 2a: Do you think that the opportunities to develop transferable skills 

in your general chemistry laboratory course are valuable in helping to prepare 
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for your future career? Circle, underline, or bold one of the following choices:  

(Multiple Choice) 

• Question 4: Additional comments or suggestions about transferable skill 

development in your gen chem lab course. (Open Answer)  

f. Fa21 Initial Reflective Assignment N/A.  

• N/A 

g. Fa21 Final Reflective Assignment Question 3 and 4.  

• Question 3: In what ways did your general chemistry laboratory course help 

you develop the skills listed above?  Please provide specific examples of how 

activities, assignments, the classroom environment, course structure, or other 

experiences helped you build these skills. (Open Answer) 

• Question 4: What additional things could be done in the general chemistry 

laboratory course(s) that could help you better develop the skills that you 

discussed above? (Open Answer) 

Open Answer Questions Related to Online Impact on EDC Development and General 

Laboratory Experience  

a. Sp20 Question 4c and 5c.  

• Question 4c and 5c: How did going from an in-person course to an online 

course impact your ability to build the skill selected in your general chemistry 

laboratory course? 

b. Su20 Question 6c.  

• Question 6c: What impact do you think taking the general chemistry lab 

course online had on your ability to develop the skill or attribute that you 

selected? (Open Answer) 

c. Fa20 Question 9.  

• Question 9: Has online learning affected your experience in your general 

chemistry lab course? (Please elaborate on your experience with your online 

general chemistry lab.) (Open Answer) 

Open Answer Questions Related to Skills Students Would Like to Develop in Course or 

Wanted to Develop in College 

a. Su20 Question 7.  
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• Question 7: What skills did you want to gain from the general chemistry 

laboratory course that you have not had a chance to build upon during the 

current semester? Please elaborate. (You can mention skills seen previously or 

those not included on the list.)(Open Answer) 

b. Fa20 Question 8.  

• Question 8: What skills did you want to gain from the general chemistry 

laboratory course that you have not had a chance to build upon during the 

current semester? Please elaborate. (You can mention skills seen previously or 

those not included on the list.) (Open Answer) 

c. Fa21 IRA Question 4.  

• Question 4: Identify any skills from your list above that you would like to 

further develop during your college career. (Open Answer) 

Miscellaneous Questions that Differed Throughout the Surveys 

c. Fa20 Question 6 and 7.  

• Question 6: Do you believe these skills are valuable for success in your future 

career? (Multiple Choice) 

• Question 7: Do you believe that these skills are generally valuable in a variety 

of different careers? (Multiple Choice) 

d. Sp21 IRA Question 4.  

• Question 4: How do you think that these skills could contribute to success in your 

future career? (Open Answer) 

e. Fa21 IRA Question 3.  

• Question 3: In which of the skills listed above are you already proficient? (Open 

Answer) 

f. Fa21 FRA Question 5 and 6.  

• Question 5: Have you learned about skills sought by employers at MSU or in high 

school? (Multiple Choice) 

• Question 6: Would you like to have more opportunities in your college courses to 

learn about the skills needed for your planned career goal and/or additional 

schooling? (Multiple Choice) 
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A.VI.15. Multi-response participants who passed/failed the validation prompt.  

Table 6.19. Multi-response participants who either passed or failed validation prompt, n, (%).  

  Passed/Failed Validation 

Semester Passed Failed Total (n) 

Fa19 971 (78) 267 (22) 1238 

Sp20 884 (90) 102 (10) 986 

Su20 94 (93) 7 (7) 101 

Total (n) 1949 376 2325 
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A.VI.16. Duplicate participants removed from analysis from Fa19, Sp20, and Su20 open 

answer survey responses regarding development within the course.  

Table 6.20. Overall participants who selected duplicate responses in their multiple-choice skill 

selection, n (%). 

 Semester 

Duplicate Skill Picked Fa19 Sp20 Su20 Total (n) 

Yes  9 (1) 1 (0.1) 0 (0) 10 

No 1229 (99) 985 (99.9) 101 (100) 2315 

Total (n) 1238 986 101 2325 

Table 6.21. Participants who selected duplicate responses in their multiple-choice skill selection 

by skill choice (n). 

 Semester 

Skill  Fa19 Sp20 Su20 Total 

Communicating Effectively 3  — — 3 

Teamwork Skills 2  — — 2 

Solving Problems  1  — — 1 

Priority & Time Management  —  — — — 

Professional/Technical Skills  —  — — — 

Acquiring Knowledge   —  — — — 

Embracing Change  —  — — — 

Working with Data 3  — — 3 

Working in a Diverse Environment  —  — — — 

Curiosity  —  — — — 

Self-motivation  — 1 — 1 

Total (n) 9 1 0 10 
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A.VI.17. Coding of Survey Participant Career Goals 

Due to the complexity that can emerge in coding thousands of open answer responses, the 

generation of a codebook containing guidelines for categorizing participant career goals was 

synthesized and is outlined below.  

For participants who mentioned additional schooling (i.e. medical school), it was 

assumed that the their future career prospects were closely linked to the additional schooling they 

planned to pursue and were coded as such (e.g., Health & Medical Profession). Responses in 

which participants had mentioned two or more possible career goals were coded for in one of 

two ways; 1) participant responses with career goals that fell under the same researcher-defined 

theme were coded accordingly or 2) participant responses that mentioned career goals that 

spanned across multiple themes were coded as Other Career Goals. There were some exceptions 

to this rule, with a small number of participants who had mentioned wanting to become a 

physician and also having the hopes of opening a side business or being an entrepreneur being 

coded as Health & Medical Professions.  

Additionally, forward slashes were used within some participant responses (e.g., 

Vet/Dancer) to denote two possible career goals and were coded interpretively based on the 

participant response. For example, participants who desired to go into the health and medical 

field often used graduate school and medical school interchangeably (i.e.: Graduate 

School/Medical School) or used a forward slash to denote the specialty they wanted to go into 

(e.g., Kinesiology/Occupational Therapist). For those who mentioned career goals in two or 

more separate categories (e.g., Vet/Dancer), participants were coded as Other Career Goals and 

interpreted as meaning “and/or” or that a participant was in between those two possible career 

goals. Context of participant responses being present or absent was an important factor when 

deciding how to code a participant’s career goal. With those guidelines in mind, the initial 

coding scheme consisted of the following six emergent themes;  

• Health & Medical Professions – includes participants pursuing careers in health and 

medical practitioners/professionals (e.g., medical doctor, occupational/physical therapist, 

physician assistant, nursing, those attending medical school, psychologist, psychiatrist) 

and those involved in clinical studies due to these types of studies actively involve 

working with and providing treatment to patients. Medical research was a topic 

mentioned by participants and was identified as too broad of a category to be coded as 
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Health & Medical Professions resulting in these participants being coded as All Other 

Career Goals. Healthcare administration was coded under All Other Career Goals due to 

the underlying business nature of this occupation.  

• Engineering & Subspecialties – includes participants who desired careers in engineering 

and all subspecialties of engineering occupations such as computer science, supply chain 

management, and packaging. Subspecialties of engineering  include biomedical, 

biotechnical, biosystems, mechanical, electrical, civil, software, computer, automotive, 

applied, logistics, sales engineer, environmental engineering, etc.  

• Other Career Goals – includes participants who desired careers in data science and 

analytics (due to the multidisciplinary nature of the career), careers based in a laboratory 

or research that could not be classified in any other categories (e.g., biomedical lab 

science/technician, medical lab diagnostics, pharmacology, toxicology, and biotechnical 

research), natural sciences (e.g., biological sciences and all associated disciplines such as 

human biology, physiology, geneticist, neuroscientist, molecular genomics and genetics, 

epidemiology, pathology, chemistry, physics, and multidisciplinary natural science 

fields), business related careers (e.g., actuary or entrepreneur, pharmaceutical or medical 

device sales), continuing education through graduate school without specifying specialty 

or discipline, security and law-based careers (e.g., forensic science), education or 

teaching careers, academia, professor, and academic research. This category also includes 

obtaining a summer job/internship, working for a specified company/industry without 

alluding to a specific position, agriculture, natural resources, and conservation, army, air 

force, or navy, communication and journalism (e.g., technical writing), culinary 

entertainment and personal services (e.g., chef), family and consumer services (e.g., 

human development and family studies), social sciences (e.g., political science and 

psychology if not stating becoming a psychologist or any other career), social services 

(e.g., social work), sports and leisure (e.g., personal trainer), visual and performing arts 

(e.g., art conservation), mathematics (e.g., statistics), architecture, construction, and 

landscape (e.g., Landscape architecture), and legal professionals (e.g., Law professional).  

• Did Not Specify a Career – includes participants who stated that they wanted a job but 

providing no further description or replying that they having no career goal (e.g., “N/A” 

or “Get a good job”). Includes students specifying a career goal of obtaining a summer 
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job/internship with no indication of what they would be doing or what field the 

internship/job is in. Additionally, if participant states they would like to work for a 

company but did not specify the company or what they would be doing, the response was 

categorized here.  

• Unsure or Did Not Know – includes participants stating uncertainty or not knowing 

what career goal they would like to pursue. If a participant stated interest in a field or 

wanting to go into a certain field but being uncertain, they were coded for that field of 

interest. Some participants stated a possibility (e.g., Possibly medical school) or 

probability (e.g., I am not sure yet, but probably would like to work for a pharmaceutical 

company in the future) - and were coded for the field of interest (e.g., “To graduate with 

an environmental engineering degree. I am not sure where I want to work.” - was coded 

for Engineering & Subspecialties). These participants generally had no inkling or idea of 

where they wanted to go or do and provided no frame of reference of the potential career 

they would like to pursue.  

• Undergraduate Education Goals – includes students stating they would like to 

complete their degree without mentioning specialty, are in the process of currently 

changing major/degree, determining what major they would like to pursue, getting 

through the semester, completing the course, improve skills and prepare for career goal, 

and/or wanting to receive a good grade/GPA. If a student noted that they wanted to get a 

degree in their specialty it was assumed that they wanted to pursue a career in the same 

field as their major and the participant was coded accordingly (e.g., “Graduate with a 

bachelor's degree in Dietetics” was coded for Health & Medical Professions or “Get into 

school of Engineering” was coded for Engineering & Subspecialties).  

From these six categories, those who did not specify a career, were unsure of what future 

occupation they desired to be in, or those who stated goals surrounding their undergraduate 

education were combined and categorized under Other Career Goals. This resulted in the 

formation of three distinct career categories, as also seen within interviews, of Health & Medical 

Professions, Engineering & Subspecialties, and Other Career Goals.  
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A.VI.18. Fa21 survey participant career goal changes.  

Table 6.22. Recurring Fa21 IRA and FRA participants who reported a change in career goal (n = 

815)(n). 

 

Fa21 FRA 

Health & Medical 

Professionals 

Engineering & Associated 

Subspecialties 

Other 

Career 

Goals 

Fa21 

IRA  

Health & Medical 

Professionals 398 2 42 

Engineering & Associated 

Subspecialties 0 93 22 

Other Career Goals 29 29 200 
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A.VI.19. Prior experience multiple-choice survey results disaggregated and tested by 

various demographic variables.  

Table 6.23. Overall Su20 & Fa20 multiple-choice results of whether a student has had prior 

experiences in the field of their anticipated career, n, (%). 

Prior Experience n (%) 

Yes, has had prior experiences 374 (31) 

No, has not had prior experiences 842 (69) 

Total (n) 1216 

Table 6.24. Su20 & Fa20 multiple-choice results of whether a student has had prior experiences 

in the field of their anticipated career by semester, n, (%). 

  

Semester, 

n (%) 

Response  Su20 Fa20 Total (n) 

Yes, has had prior experiences 39 (39) 335 (30) 374 

No, has not had prior experiences 62 (61) 780 (70) 842 

Total (n) 101 1115 1216 

Table 6.25. Su20 & Fa20 multiple-choice results of whether a student has had prior experiences 

in the field of their anticipated career by first-generation status, reported as number and related 

percent of participants. 

  

First-Generation Student Status,  

n (%)  
Response  Continuing Generation First Generation Total (n) 

Yes, has had prior experiences 295 (30) 79 (32) 374 

No, has not had prior experiences 676 (70) 166 (68) 842 

Total (n) 971 245 1216 

Table 6.26. Su20 & Fa20 multiple-choice results of whether a student has had prior experiences 

in the field of their anticipated career by career goal, n, (%). 

 Career Goal  

Response 

Health & Medical 

Professions 

Engineering & Associated 

Subspecialties 

Other 

Careers 

Total 

(n) 

Yes, has had prior 

experiences 263 (40) 35 (18) 76 (21) 374 

No, has not had prior 

experiences 397 (60) 161 (82) 284 (79) 842 

Total (n) 660 196 360 1216 

 

 

 



 360 

Table 6.27. Su20 & Fa20 adjusted residuals of whether a student has had prior experiences in the 

field of their anticipated career by career goal (Bonferroni adjusted critical value for residuals ± 

=2.6). 

Variable Groups Tested Adjusted Residual 

Yes, has had prior experiences x Health & Medical Professions 7.5 

No, has not had prior experiences x - Health a& Medical Professions -7.5 

Yes, has had prior experiences x Engineering & Associated 

Subspecialties  

-4.3 

No, has not had prior experiences x - Engineering & Associated 

Subspecialties 

4.3 

Yes, has had prior experiences x Other Career Goals -4.7 

No, has not had prior experiences x Other Career Goals 4.7 

Table 6.28. Su20 & Fa20 multiple-choice results of whether a student has had prior experiences 

in the field of their anticipated career by class standing, n, (%). 

 Class Standing 

Response  Lower Classman Upper Classman Total (n) 

Yes, has had prior experiences 234 (27) 140 (42) 374 

No, has not had prior experiences 647 (73) 195 (58) 842 

Total (n) 881 335 1216 
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A.VI.20. Skills perceived as Necessary for Future Career  

The list below is expanded from the list included in Chapter IV A.VI.11 to incorporate 

skills present in survey responses.  

Coding Scheme - Skills Needed for Career 

1. Interpersonal Skills: 

• Teamwork & Collaboration: working with others, working in a team-based setting, 

collaboration, participation, & cooperation 

• Communication Skills: listening skills; verbal communication (public speaking & 

presenting, relaying information); written communication (includes ability to write 

reports and communicate via written format, & scientific written communication 

through reports & general scientific written communication); general scientific 

communication  

• Leadership Skills 

• Networking Skills  

• Social & People Skills: this embodies the ability to interact and socialize with others. 

This theme includes: building friendships & relationships (i.e. personal relations); 

being charismatic & persuasive; compassion & empathy (ability to understand others, 

be caring, sympathetic, & comforting, altruism); being friendly, kind, respectful, & 

helpful to others or being helpful; being personable & approachable; reliable & 

dependable; being trustworthy & selfless; being inclusive; providing patient care 

(ability to talk well to & interact with patients, providing hospitality & good bedside 

manner, & building relationships with patients); knowing how to read cues; being 

able to speak with others & have conversation skills; working with, dealing, and 

being willing to work with people & patients (in a non-collaborative manner), 

accommodation , customer service skills, togetherness, available 

• Miscellaneous Interpersonal Skills:  

o Leadership Skills: overseeing decisions, guiding people in a group, making 

sure group is working cohesively and on track, taking initiative, delegating 

tasks. 

o Networking Skills: utilizing outside experts to answer a question and receive 

guidance.  
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o Multi-cultural Competency: cultural awareness; global/intercultural fluency 

o General Interpersonal Skills: includes mentioning the need for interpersonal 

skills with no specific subskill listed.  

2. Intrapersonal Skills: 

• Work Ethic: hard working, dedication & commitment, passion, drive, & ambition, 

determination (having a strong will), self-motivation,  persistence & perseverance (grit, 

relentlessness, ability to work under pressure & handle everything being thrown their 

way, resilience, able to work for long hours, not giving up, diligence, able to fail and 

continue going), performing with integrity, disciplined, focus & concentration (attention 

span), taking initiative & being fast to act, ability to work hard at school, being 

responsible & accountable, consistency, sacrifice, effort 

• Personality & Character Traits: Confident/outgoing (not being afraid to ask for help), 

positive attitude & optimistic, calm (remain calm in high stress situations), patient, 

serious, tough, enthusiastic, risk taker, brave, trying ones best, being a self-advocate, 

being independent/independence (ability to work independently & isolate), being open-

minded, being humble, honest, & genuine, rational/level headed, flexible & adaptable 

(knowing how to deal with & face challenges, being able to handle critical situations, 

improvisation, being versatile, managing challenges & adapting accordingly, embracing 

change), being mature, having composure, keeping intentions in the right place, being a 

fun person, being able to and always asking for help/not being afraid to ask for help, 

being careful 

• Miscellaneous Intrapersonal Skills: self awareness (understanding ones goals & abilities, 

being in touch with ones emotions), mental wellness & wellbeing (emotional intelligence, 

emotional stability, stress management, pressure management & having self worth), 

having strong emotions, ethics, enthusiasm/commitment (from list) 

3. Occupation-specific Knowledge & Skills:  

• Technical Skills:  

o Professional/Technical Skills (from List) 

o Lab Skills & Techniques: general experimentation, knowledge of how to conduct 

a lab & carry out an experiment (learning lab procedures, carrying out procedures 

w/instructions, experimenting in-person, experimental design, experimental 
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principles, collecting data & conducting tests, situational awareness of chemical 

reactions), experimental techniques; lab safety & etiquette (carrying out lab safety 

measures & techniques, hood hygiene, knowing lab etiquette); experience with 

laboratory tools, instruments, & equipment (i.e. microscopy, using & being 

introduced to lab equipment, using CEM lab instruments) ; technical chemistry 

skills; experience working in a lab environment, & knowing/learning how to work 

in a lab environment through the course itself (this is not the same as participant 

saying they need lab experience which may be clinical or research lab experience 

as specified in exposure to field and hands on experiences); technical chemistry 

skills 

o Technological/Computer Skills: general technological/computer skills; computer 

science knowledge & skills; Microsoft office skills (Excel, PowerPoint, Word); 

engineering software programs (CAD, packaging, & general engineering 

software); knowledge of computer software & programs; knowledge of computer 

parts; computer design; computer modeling (3D models and simulations); coding 

knowledge & skills (coding software & programs and programming skills); 

knowledge of music software 

▪ Hands On Skills: motor skills & hand-eye coordination (includes general 

motor skills and hand-eye coordination, having steady hands (steadiness), 

manual dexterity, and general hand skills); use of tools, knowledge of 

instruments used in the field, mechanical skills, using physics and 

engineering to build machinery 

▪ Precision & Accuracy  

o Exposure to Field & Hands On Experiences: this includes shadowing, internship, 

volunteer opportunities; having work experience or job in the field; research & lab 

experiences (includes clinical lab experience); gaining experience in the field in 

general and training in their profession (i.e. experience working with animals, in 

automotive or packaging industry, clinical experience, laboratory training, and 

ability to work in a certain work environment like a hospital) 

o Professionalism & professional skills (professional skills are not specified) 

o Field Specific Knowledge:  
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▪ Medical knowledge & skills (healthcare knowledge & skills; ability to treat 

patients and patient skills; nursing skills; ability to & knowledge of 

performing surgeries & medical procedures; knowing how to apply 

sutures; clinical knowledge, skills, and application;  medical literacy; 

knowledge of administering & prescribing medicine, drugs & drug side 

effects (knowing how drugs work in and react within the body); knowing 

how to take vitals; dentistry knowledge (dental courses); knowledge of 

hygiene and working in a safe & hygienic manner for patients; application 

of medical knowledge; reading and generation formulas for medicine 

(health and medical career goal); having a background in medical 

specialties, knowledge of pharmaceutical field, pharmacology knowledge 

▪ Agricultural knowledge & skills: crop knowledge (planting and 

maintaining crops); animal husbandry; knowledge of herbicides and 

pesticides, knowledge of plants & how they grow (plant identification), 

knowledge of plant life 

▪ Animal skills & knowledge: handling & working with animals (& care 

techniques); knowledge of animal habitats & needs; animal behavior 

▪ Business knowledge & skills: entrepreneurship; financial literacy; 

accounting skills; business management; sales skills & the ability to sell; 

economics & marketing (i.e. microeconomics & marketing skills); 

consulting skills; logistics (logistical knowledge) 

▪ Research skills & abilities: ability to look up documentation, knowledge 

of how to gather information, general research & development skills; 

application of science to research; completing steps to identify pieces of 

matter (research-based career goal), developing, designing, and planning 

experimental procedures  

▪ Psychology Knowledge: psychology courses; psychoanalysis; general 

knowledge of psychology 

▪ Educating & Teaching Others: teaching skills; classroom management  

▪ Music knowledge & skills 

▪ Knowledge of Conservation 
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▪ Following Protocol, Regulations, & Instructions 

▪ Knowledge of Ethics (no context) 

▪ Knowledge of Strength & Conditioning Field 

▪ Science, Engineering, and Math Knowledge & Skills: 

• Math: general math knowledge & skills; algorithms; calculations; 

computation skills ; logic-based mathematics; math skills for drug 

dosing; numeracy skills; statistical literacy; statistics; calculus. 

• Engineering: general engineering knowledge & concepts; ability to 

understand schematics; design skills (engineering design); 

electrical engineering knowledge (electrical knowledge); 

engineering mindset; food engineering; knowledge of automobiles 

(general automotive knowledge, automotive & engine 

development knowledge & skills); knowledge of robots/robotics; 

material knowledge & skills (understanding the properties of 

materials, “understanding the different compounds & molecules 

that may be used in making of packaging materials”); redesigning 

& optimizing systems; background in & understanding of 

mechanical engineering. 

• Science:  

o General science knowledge & skills; understanding of 

scientific concepts & principals; scientific literacy; 

scientific method. 

o Life Sciences: health related sciences (human sciences, 

applied life sciences (kinesiology & exercise knowledge 

(knowing how the body moves), nutritional sciences 

(nutrition), animal science) gaining knowledge of science 

in relation to medicine); biology (ecology, ecosystems, 

microbes, microbiology, cell & molecular biology, 

anatomy & physiology (neuroanatomy, anatomy of 

animals) animal biology, zoological studies, genetics & 

genomics, human biology (knowledge of the human body 
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& how the body works, ability to build simple & complex 

mechanisms relating to the human body, knowledge of 

human body & how limbs work); biochemistry (both life & 

physical science): includes needing biochemistry in relation 

to medicine, knowledge of biochemical mechanisms; 

biophysics: biomechanics & how body reacts to stimuli 

o Physical sciences: earth sciences, physics 

(thermodynamics, heat & mass transfer, dynamics, fluid 

mechanics), chemistry (organic chemistry) 

4. Problem Solving & Critical Thinking:  

• Creativity & Innovation: thinking outside of the box, alternative thinking, creative 

thinking 

• Reasoning Skills: includes the ability to use information to draw conclusions, using 

evidence to support claims, inductive reasoning skills 

• Systems Thinking 

• Analytical Skills: logical thinking (logic), analysis (data analysis), interpretation (data 

interpretation), analytics (in regards to a career in Health and Medicine)  

• Troubleshooting – working through errors during experimentation 

• Hands on problem solving 

• Being a deep thinker 

• Intellectual 

• Being resourceful 

• Complex thinking 

5. Time Management & Organization:  

• Scheduling & Preparation: planning time and planning ahead; being prepared; 

schedule management; time dedicated to classes/studying/research, planning out ideas 

and making plans for career goal, generating & creating plans (general), planning 

projects & presentations, career management 

• Efficiently Using Time: working in a timely manner, timeliness, being productive 

• Multi-tasking 
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• Meeting deadlines: for both work and school  

• Managing responsibilities & priorities 

• Avoiding & overcoming procrastination 

• Organization: including documenting steps (with no specifications) & record keeping 

skills (to document patient progress) 

• Punctuality 

• School/Life & Work/Life Balance 

• Task Management 

6. Education & Learning Skills: 

• Education & Credentials: this theme includes the following: 

o Obtaining a bachelors, masters degree, or needing a degree in general 

o General Education & Academic Background: Having a general education and 

academic background (includes academic competence, performance, and skills); 

completing required undergraduate courses & prerequisites, performing well in 

undergraduate courses & obtaining good grades (i.e: undergraduate education); in 

general having an undergraduate education and taking undergraduate courses 

without expanding on the courses needed for career 

o Applying concepts & knowledge (skills in applying knowledge and application of 

concepts learned) 

o Acquiring Knowledge: this includes the following:  

▪ General Knowledge: this includes having general and/or basic knowledge 

& understanding; being knowledgeable; competent; intelligent; smart; 

having a strong understanding of concepts; terminology; foundational and 

fundamental knowledge & understanding (i.e. knowledgeable about 

needed topics, core subjects, being well versed in area of study); being a 

knowledgeable student in all subjects, knowledge gathered from 

undergraduate courses (and/or major) & having a good understanding of 

what was learned from college courses 

▪ Continuing education post undergraduate education & continuing 

schooling in field of choice (i.e. medical school) 
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o Learning & School Skills & Strategies: applying learning techniques; curiosity & 

willingness to learn, willingness to fail and learn from mistakes; being a quick & 

face paced learner; reading & comprehension skills, reading scholarly faster and 

being able to understand and explain journal articles; study skills (memorization 

& knowledge retention, utilizing office hours, taking notes, being studious ); & 

test taking skills (standardized testing skills, testing skills to receive good grades, 

preparing, studying, & passing professional school and standardized exams)  

7. Other Skills: 

• Decision-making Skills: ability to make decisions, fast and quick thinking (thinking on 

your feet), quick judgement, good judgement, intuition or intuitive thinking, ability to 

judge cost & benefits of actions, and common sense 

• Attention to Detail & Observation Skills: attentive 

• Navigating Across Boundaries  

• Working in Diverse Environments 

• Soft Skills (no context) 

• Excel (no context)  

• Interest (no context) 

• Practical Skills (no context) 

• Physical Skills (no context) 

• Healthy Body, Physical Stamina, Athletic Skills (Weightlifting) 

• Orientation (no context) 

• Understanding (no context)  

• Understanding why chemistry labs are important  

• Being able to not be overwhelmed looking at the lab scenario and not letting this get in 

the way of learning and understanding material for the labs (this was a skill listed as 

wanting to be gained from the course but not having a chance to and I believe that they 

feel overwhelmed by the course and do not want to feel this way - possibly putting more 

emphasis on the course itself for causing this feeling of overwhelming and not something 

they need/want to work on themselves).  
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• Care (uncertain if this is care for others, for their job, or where the care is directed, no 

context).  

• Data Knowledge (was cited by an engineering major so I played with having it under 

engineering as well but was uncertain, there could be many meanings to this, no context) 

• Paper Knowledge (was listed as “Logistical & paper knowledge - logistics is under 

business knowledge but I was unsure where to put paper knowledge, no context) 

• Coordination (could be with others or hand-eye coordination, no context)  

• Involvement (could be involved in extracurriculars or involved in group activities, no 

context) 

• Synthesis (provided by an engineer focused career goal wanting to go into research, no 

context) 

• Willingness (no context) 

• Product Information (engineering wrote this but I do not know what they meant, no 

context) 

• Participating in Extracurricular Activities 

• Wanting to see other teams to make sure they are doing the labs correctly 

• Work Split (no context)  
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A.VI.21. Not-prompted Student-perceived Competencies that Emerged in Survey Results  

Survey data surrounding open answer responses regarding skills perceived as valuable for a 

participant’s career goal without prompting from Fa20 and Fa21 were compiled and compared 

against interview participants in Figure 6.24. When compiling the survey data, first responses 

from the n = 200 participants who took both Fa21 IRA and FRA were combined. Proceeding this 

Fa21 survey results were combined with Fa20 survey data resulting in a total of n = 400 survey 

participants represented within the figure being compared to compiled data from the n = 53 

interview participants.  

 

Figure 6.24. Comparison of student-perceived competencies as reported by interview and survey 

participants without prompting (n). 
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A.VI.22. Multi-response Survey Participant Perception of Skills Needed for Future Career 

Goal 

To assess the results of multi-response prompts in Fa19, Sp20, and Su20, participants who 

passed validation prompts remained in analyses (A.VI.15). This method of filtering resulted in 

the samples disaggregated by semester in Table 6.29. When prompted to select skills perceived 

as needed for their future career goals, most survey participants regarded all employer-desired 

competencies as valuable skills (Table 6.30). Because of the prevalence of approximately 86% 

or greater survey participants finding these skills as important career competencies, further 

investigation will focus on the 6 previously identified EDCs that emerged from interviews 

(communication, teamwork, problem solving & critical thinking, priority & time management, 

self-motivation, and technical skills).  

Table 6.29. Participants from each career goal used in multi-response testing (n). 

 # of Multi-response Participants by Semester 

Skill Fa19 Sp20 Su20 Total 

Communicating Effectively 971 884 94 1949 

Teamwork Skills  971 884 94 1949 

Embracing Change  971 884 94 1949 

Solving Problems 971 884 94 1949 

Working with Data 971 884 94 1949 

Priority & Time Management 971 884 94 1949 

Professional/Technical Skills 971 884 94 1949 

Acquiring Knowledge  971 884 94 1949 

Working in a Diverse Environment 971 884 94 1949 

Curiosity — 884 94 978 

Self-motivation — 884 94 978 
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Table 6.30. Overall Multi-response results including all skills provided in prompt, n, 

(%)(percentages represent percent within total response participants across all semesters as 

provided in Table 6.29). 

Skill Skill Selected as Needed for Career 

Communicating Effectively 1825 (94) 

Teamwork Skills 1780 (91) 

Solving Problems  1827 (91) 

Priority & Time Management 1808 (93) 

Professional/Technical Skills 1796 (92) 

Acquiring Knowledge  1797 (92) 

Embracing Change 1769 (91) 

Working with Data 1680 (86) 

Working in a Diverse Environment  1794 (92) 

Curiosity 862 (88) 

Self-motivation 909 (93) 

When drawing parallels between survey and interview responses, it should be noted that 

problem solving & critical thinking, work ethic, and technical skills identified through thematic 

analysis in interviews were presented to survey respondents as solving problems (problem 

solving), working with data (critical thinking), self-motivation (work ethic), and 

professional/technical skills (technical skills) respectively. Although interview results contained 

the main skill set problem solving & critical thinking, combining survey results of solving 

problems and working with data into this broader skill set was not a feasible option. This was 

due to solving problems and working with data being identified independently in the multiple-

choice question preceding the open answer prompt and the outcomes of multi-response selection 

being used in selection of open answer responses for qualitative analysis. Because problem 

solving & critical thinking is represented as two separate skills in surveys, this resulted in the 7 

EDCs of communication, teamwork, solving problems, working with data, priority & time 

management, self-motivation, and technical skills being investigated in these multi-response 

results.  

Beyond investigating general trends, these 6 skills were also used to determine if there 

was a significant difference between demographic variables and whether a skill was perceived as 

a valuable career competency and developed within the courses. Investigation into the 

association of prior experience, class standing, and first-generation status regarding selection of a 

skill as an important career competency returned insignificant results or results with negligible 
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effect sizes (Table 6.31 – 6.33). Comparison of skills selected as valuable career competencies 

disaggregated by career goal also showed no discernable differences in trends. This was further 

confirmed using chi-square test of association, that found no significant differences between 

career goal and skill selection for teamwork, solving problems, priority & time management, 

professional/technical skills, and self-motivation (Table 6.34) and although there were 

significant differences detected for communication (𝜒2 = 12.360, p = 0.012, df = 2) and working 

with data (𝜒2 = 14.840, p = 0.006, df = 2) the effect sizes were very small (V = 0.080 and 0.087 

respectively) and most likely due to random variances that can occur in such a large samples. 

Table 6.35 displays testing regarding skill selection and learning environment that was further 

expanded upon in the main body of Chapter VI. Corresponding tables can be found on pages 

373 – 376. 

Table 6.31. Multi-response of skills selected as valuable for career goal disaggregated by 

participants having prior experience in field, n, (%)(percentages represent percent within prior 

experience). 

 

Selected as Needed for Career in  

Multi-response Chi-square Test 

Skill 

Yes, has had 

prior experience 

No, has not had 

prior experience 

Test 

Value p-value df 

Effect 

Size 

Communicating 

Effectively 35 (100) 55 (93) 1.094 0.495 1 — 

Teamwork Skills 33 (94) 48 (81) 2.092 0.342 1 — 

Solving Problems  33 (94) 52 (88) 0.381 0.704 1 — 

Priority & Time 

Management 31 (89) 46 (78) 1.029 0.495 1 -0.130 

Professional/ 
Technical Skills 32 (91) 48 (81) 1.054 0.495 1 -0.137 

Working with 

Data 27 (77) 43 (73) 0.046 0.921 1 — 

Self-motivation 31 (89) 47 (80) 0.685 0.589 1 — 

*Sample sizes account for SU20 semester only (n = 94). 
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Table 6.32. Multi-response of skills selected as valuable for career goal disaggregated by 

participant’s class standing, n, (%)(percentages represent percent within class standing). 

 

Selected as Needed for Career in Multi-

response Chi-square Test 

Skill Lower Classman Upper Classman Test Value 

  

p-value df 

Communicating 

Effectively§ 1451 (94) 374 (93) 0.195 0.791 1 

Teamwork Skills§ 1416 (92) 364 (90) 0.27 6 0.753 1 

Solving Problems§  1455 (94) 372 (92) 1.004 0.495 1 

Priority & Time 

Management§ 1443 (93) 365 (91) 2.569 0.271 1 

Professional/ 

Technical Skills§ 1428 (92) 368 (92) 0.163 0.814 1 

Working with Data§ 1336 (86) 344 (86) 0.107 0.858 1 

Self-motivation† 706 (93) 203 (93) 0.000 1.000 1 

§ Sample sizes account for Fa19, Sp20, and Su20 semesters and are comprised of lower classman n = 1547, and 

upper classman n = 402. † Sample sizes are smaller due to skill(s) being present in Sp20 and Su20 semesters only 

and are comprised of lower classman n = 760, and upper classman n = 218. 

Table 6.33. Multi-response of skills selected as valuable for career goal disaggregated by 

participants being continuing- or first-generation students, n, (%) (percentages represent percent 

within first-generation student status). 

 

Selected as Needed for Career in Multi-response, n 

(%) Chi-square Test 

Skill Continuing- Generation First- Generation 

Test 

Value  

p-

value  df  

Communicating 

Effectively§ 1430 (94) 395 (93) 0.306 0.737 1 

Teamwork Skills§ 1392 (91) 388 (91) 0.000 1.000 1 

Solving Problems§  1437 (94) 390 (92) 3.198 0.209 1 

Priority & Time 

Management§ 1424 (93) 384 (90) 4.265 0.124 1 

Professional/ 

Technical Skills§ 1409 (92) 387 (91) 0.712 0.589 1 

Working with Data§ 1313 (86) 367 (86) 0.001 1.000 1 

Self-motivation† 709 (94) 200 (91) 1.416 0.437 1 

§ Sample sizes account for Fa19, Sp20, and Su20 semesters and are comprised of continuing-generation students n = 

1524, and first-generation students n = 425.† Sample sizes are smaller due to skill(s) being present in SP20 and 

SU20 semesters only and are comprised of lower classman n = 758, and upper classman n = 220. 
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Table 6.34. Multi-response of skills selected as valuable for career goal disaggregated by 

participant’s desired career, n, (%) (percentages represent percent within career goal). 

 

Selected as Needed for Career in Multi-

response, n (%) Chi-square Test 

Skill 

Health & 

Medical 

Professions 

Engineering & 

Associated 

Sub- 

specialities 

Other 

Career 

Goals 

Test 

Value 

p -

value 
df 

Effect 

Size  

Communicating 

Effectively§ 
911 (86) 347 (86) 441 (88) 12.360 0.012 2 0.080 

Teamwork 

Skills§ 
955 (92) 369 (91) 458 (90) 2.308 0.495 2 — 

Solving 

Problems§ 
931 (90) 346 (85) 445 (87) 5.214 0.209 2 — 

Working with 

Data§ 
952 (92) 349 (86) 452 (88) 14.840 0.006 2 0.087 

Priority & Time 

Management§ 
918 (89) 337 (83) 437 (86) 2.733 0.444 2 — 

Professional/ 

Technical Skills§ 
840 (81) 295 (73) 405 (79) 6.805 0.116 2 — 

Self-motivation† 447 (82) 132 (68) 168 (70) 0.125 0.986 2 — 

§ Sample sizes account for Fa19, Sp20, and Su20 semesters and are comprised of health & medical professionals n 

= 1032, engineering & associated subspecialties n = 406, and other career goals n = 511.† Sample sizes are smaller 

due to skill(s) being present in Sp20 and Su20 semesters only and are comprised of health & medical professionals n 

= 545, engineering & associated subspecialties n = 194, and other career goals n = 239. 

Table 6.35. Multi-response of skills selected as valuable for career goal disaggregated by 

learning environment, n, (%)(percentages represent percent within learning environment). 

 

Selected as Needed for Career in 

Multi-response, n (%) Chi-square Test 

Skill 

In-Person 

Learning 

Emergency 

Remote 

Learning 

Transition 

Online 

Learning 

Test 

Value 

p -

value df 

Effect 

Size 

(V) 

Communicating 

Effectively 

887 (91) 848 (96) 90 (96) 17.018 0.000 2 0.093 

Teamwork Skills 874 (90) 825 (93) 81 (86) 9.742 0.041 2 0.071 

Solving Problems  898 (92) 844 (96) 85 (90) 8.914 0.052 2 — 

Working with  

Data 

827 (85) 783 (89) 70 (74) 15.931 0.006 2 0.090 

Priority & Time 

Management 

892 (92) 839 (95) 77 (82) 23.721 0.006 2 0.110 

Professional/ 

Technical Skills 

877 (90) 839 (95) 80 (85) 20.251 0.259 2 — 

Self-motivation† 
— 831 (94) 78 (83) 14.120 0.006 1 -0.127 

§ Sample sizes are representative of each individual semesters and are comprised of in-person learning n = 971, 

emergency remote learning transition n = 884, and online learning n = 94. † Skill was only included in Sp20 

(emergency remote learning transition) and Su20 (online learning) semesters. 
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Table 6.36. Adjusted residuals of learning environment and selection of priority & time 

management as a skill needed for career goal(s)(Bonferroni adjusted critical value for residuals ± 

= 2.6). 

Variable Groups Tested Adjusted 

Residual 

Expected 

Count 

Observed 

Count 

Priority & Time Management Chosen as Skill 

Needed x In-person Learning  

-1.5 900.8 892 

Priority & Time Management Not Chosen as 

Skill Needed x In-person Learning 

1.5 70.2 79 

Priority & Time Management Chosen as Skill 

Needed x Emergency Remote Learning 

Transition  

3.3 820.0 839 

Priority & Time Management Not Chosen as 

Skill Needed x Emergency Remote Learning 

Transition 

-3.3 

 

64.0 45 

Priority & Time Management Chosen as Skill 

Needed x Online Learning 

-4.2 87.2 77 

Priority & Time Management Not Chosen as 

Skill Needed x Online Learning 

4.2 6.8 17 
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A.VI.23. Ranking Data & Results  

Concerning interviews, teamwork had the highest median (median = 2) and value among the six 

skills, followed by communication, problem-solving & critical thinking, prioritization & time 

management, and self-motivation skills all sharing the same median (median = 3)(Figure 6.25). 

Technical skills was perceived to have the lowest importance accompanied by the highest 

median (median = 5). In contrast to interviews, a majority of Fa20 survey participants (43%) 

ranked problem solving & critical thinking with the highest importance. The value survey 

participants attributed to problem solving & critical thinking was also supported by this skill 

having lowest median (median = 2), indicating that it was identified as more valuable in 

comparison to the other 5 EDCs listed. Communication, teamwork, and priority & time 

management were ranked with more even distributions from high to low importance with an 

equivalent median (median = 3) for all three EDCs. Although self-motivation skills had the 

largest portion of participants recognizing this skill as having the highest importance (29%), the 

median ranking for this skill was equivalent to communication, teamwork, and priority & time 

management (median = 3). Continued examination of Fa20 survey participant rankings found a 

few areas of statistical significance explored within the main body of Chapter VI. The outcomes 

of these tests are displayed below (Table 6.37 – Table 6.44). Corresponding figure and tables on 

475 - 481. 
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a.

 

b.

 

c.

 

d. 

 

e. 

 

f. 

 

Figure 6.25. Fa20 survey participant ranking of employer-desired competencies, represented by 

number of participants (n = 1115). Skills corresponding to rankings follow a. Communication 

skills, b. Teamwork skills, c. Problem-solving & Critical Thinking Skills, d. Priority & Time 

Management, e. Self-motivation, and f. Technical Skills.  
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Table 6.37. Fa20 Ranking results by prior experience (n = 1,115). 

 Ranking (n) 

Prior 

Experience 

Employer-desired 

Competencies 1 2 3 4 5 6 Total Median 

Yes, has  

had prior 

experience 

Communication Skills 83 88 78 48 27 11 335 2 

Teamwork Skills 44 58 72 74 49 38 335 3 

Problem Solving &  

Critical Thinking  

143 71 56 37 25 3 335 2 

Priority & Time 

Management 

50 79 61 70 52 23 335 3 

Self-motivation 92 50 37 43 59 54 335 3 

Technical Skills 38 52 47 40 47 111 335 4 

No, has  

not had prior 

experience  

Communication Skills 187 198 168 121 77 29 780 3 

Teamwork Skills 129 157 163 139 114 78 780 3 

Problem Solving &  

Critical Thinking  

335 165 139 79 51 11 780 2 

Priority & Time 

Management 

123 197 161 139 125 35 780 3 

Self-motivation 227 108 109 97 111 128 780 3 

Technical Skills 73 121 121 118 113 234 780 4 

Table 6.38. Kruskal-Wallis test results for prior experience (n = 1,115). 

  Kruskal-Wallis Test 

 Skill Value Significance 

Communication 0.702 0.589 

Teamwork 3.302 0.209 

Problem Solving & Critical Thinking  0.033 0.929 

Time Management 1.497 0.425 

Self-motivation 0.463 0.677 

Technical Skills 0.062 0.911 
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Table 6.39. Fa20 Ranking results by first-generation status (n = 1,115). 

 Ranking (n) 

First-Generation 

Status 

Employer-desired 

Competencies 1 2 3 4 5 6 Total Median 

First- 

Generation  

Student  

Communication Skills 62 63 52 27 14 5 223 2 

Teamwork Skills 42 43 45 42 27 24 223 3 

Problem Solving & 

Critical Thinking  92 47 38 26 17 3 223 2 

Priority & Time 

Management 39 65 43 38 27 11 223 3 

Self-motivation 69 35 33 29 32 25 223 3 

Technical Skills 25 26 31 31 38 72 223 4 

Continuing- 

Generation  

Student  

Communication Skills 208 223 194 142 90 35 892 3 

Teamwork Skills 131 172 190 171 136 92 892 3 

Problem Solving & 

Critical Thinking  386 189 157 90 59 11 892 2 

Priority & Time 

Management 134 211 179 171 150 47 892 3 

Self-motivation 250 123 113 111 138 157 892 3 

Technical Skills 86 147 137 127 273 273 892 4 

Table 6.40. Kruskal-Wallis test results for first-generation status (n = 1,115). 

  Kruskal-Wallis Test 

 Skill Value Significance Effect Size 

Communication 6.725 0.049 0.006 

Teamwork 1.452 0.432 — 

Problem Solving & Critical Thinking  0.556 0.646 — 

Time Management 4.640 0.112 — 

Self-motivation 3.970 0.142 — 

Technical Skills 0.973 0.496 — 
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Table 6.41. Fa20 Ranking results by career goal (n = 1,115). 

 Ranking 

Career Goal 

Employer-desired  

Competencies 1 2 3 4 5 6 Total Median 

Health & 

Medical 

Professions 

Communication Skills 164 158 147 77 44 14 604 3 

Teamwork Skills 84 115 124 105 106 70 604 3 

Problem Solving &  

Critical Thinking  263 123 101 69 42 6 604 2 

Priority &  

Time Management 86 152 108 128 95 35 604 3 

Self-motivation 186 89 74 83 90 82 604 3 

Technical Skills 66 87 98 83 75 195 604 4 

Engineering  

& Associated 

Subspecialties  

Communication Skills 26 46 36 35 26 12 181 3 

Teamwork Skills 40 45 43 32 9 12 181 3 

Problem Solving &  

Critical Thinking  83 45 26 18 8 1 181 2 

Priority &  

Time Management 38 34 40 30 34 5 181 3 

Self-motivation 41 18 25 18 32 47 181 4 

Technical Skills 9 36 29 31 31 45 181 4 

Other Career  

Goals 

Communication Skills 80 82 63 57 34 14 330 2 

Teamwork Skills 49 55 68 76 48 34 330 3 

Problem Solving & 

Critical Thinking 132 68 68 29 26 7 330 2 

Priority & Time 

Management 49 90 74 51 48 18 330 3 

Self-motivation  92 51 47 39 48 53 330 3 

Technical Skills 36 50 41 44 54 105 330 4 

Table 6.42. Kruskal-Wallis test results for career goal ( n = 1,115). 

  Kruskal-Wallis Test 

 Skill Value Significance Effect Size 

Communication 23.628 0.006 0.022 

Teamwork 23.281 0.006 0.019 

Problem Solving & Critical Thinking  3.679 0.361 — 

Time Management 2.177 0.510 — 

Self-motivation 14.209 0.006 0.011 

Technical Skills 0.514 0.884 — 
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Table 6.43. Fa20 Ranking results by class standing (n = 1,115). 

 Ranking (n) 

Class Standing 

Employer-desired 

Competencies 1 2 3 4 5 6 Total Median 

Lower  

Classman  

Communication Skills 197 213 187 121 87 31 836 3 

Teamwork  

Skills 

138 168 176 159 117 78 836 3 

Problem Solving &  

Critical Thinking  

360 178 142 85 61 10 836 2 

Priority &  

Time Management 

127 214 173 154 127 41 836 3 

Self-motivation 253 113 114 107 118 131 836 3 

Technical Skills 82 124 127 127 118 258 836 4 

Upper Classman  Communication Skills 73 73 59 48 17 9 279 2 

Teamwork Skills 35 47 59 54 46 38 279 3 

Problem Solving &  

Critical Thinking  

118 58 53 31 15 4 279 2 

Priority &  

Time Management 

46 62 49 55 50 17 279 3 

Self-motivation 66 45 32 33 52 51 279 3 

Technical Skills 29 49 41 31 42 87 279 4 

Table 6.44. Kruskal-Wallis test results for class standing (n = 1,115). 

  Kruskal-Wallis Test 

 Skill Value Significance Effect Size 

Communication 1.56 0.42 — 

Teamwork 7.151 0.037 0.006 

Problem Solving & Critical Thinking  0.018 0.954 — 

Time Management 1.057 0.495 — 

Self-motivation 4.495 0.117 — 

Technical Skills 0.144 0.820 — 

Investigation of Sp21 rankings show a different distribution of rankings amongst four of 

the six EDCs explored in Fa20 interview and survey prompts (Figure 6.26 on page 382). 

Although Sp21 participants ranked problem solving & critical thinking similar to Fa20 survey 

participants with a majority participants ranking this skill as having the highest importance 

(42%) and having the same median rank (median = 2), this skill was not awarded the highest 

value. For Sp21 participants, communication skills had the lowest median (median = 1) 

indicating that more participants attributed this skill with the highest importance. Teamwork 

skills were given the same median ranking as problem-solving & critical thinking (median = 2) 

and prioritization & time management were perceived as having the lowest value of the four 

(median = 3). There were no significant differences found when considering first-generation 

status or class standing, the only two variables tested against for this semester (Table 6.45 – 

Table 6.48 on pages 383 - 385).  
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a. 

 

b.  

 

c. 

 

d. 

 

Figure 6.26. Sp21 ranking of employer-desired competencies, represented by number of 

participants (n = 213)(n). Skills corresponding to rankings follow a. Communication skills, b. 

Teamwork skills, c. Problem Solving & Critical Thinking Skills, and d. Priority & Time 

Management. 
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Table 6.45. Sp21 Ranking results by first-generation status, represented by number of 

participants (n = 213)(n). 

 Ranking (n) 

Class Standing Employer-desired Competencies 1 2 3 4 5 Total Median 

First-Generation 

Student   

Communication Skills 33 12 14 1 — 60 1 

Teamwork Skills 28 17 9 6 — 60 2 

Problem Solving &  

Critical Thinking  

27 11 14 8 — 60 2 

Priority & Time Management 12 22 12 14 — 60 2 

Continuing-

Generation 

Student  

Communication Skills 96 35 16 6 — 153 1 

Teamwork Skills 73 45 20 14 1 153 2 

Problem Solving &  

Critical Thinking  

63 45 26 18 1 153 2 

Priority & Time Management 29 39 47 36 2 153 3 

Table 6.46. Kruskal-Wallis test results for first-generation status (n = 213). 

  Kruskal-Wallis Test 

 Skill Value Significance 

Communication 1.633 0.416 

Teamwork 0.042 0.921 

Problem Solving & Critical Thinking  0.010 0.973 

Time Management 0.988 0.496 

Table 6.47. Sp21 Ranking results by class standing, represented by number of participants (n = 

213)(n). 

 Ranking (n) 

Class 

Standing 

Employer-desired 

Competencies 1 2 3 4 5 Total Median 

First-

Generation 

Student   

Communication  

Skills 

110 38 25 4 — 177 1 

Teamwork Skills 83 54 22 17 1 177 2 

Problem Solving & 

Critical Thinking  

73 45 35 23 1 177 2 

Priority & Time 

Management 

35 55 44 41 2 177 2 

Continuing-

Generation 

Student  

Communication  

Skills 

19 9 5 3 — 36 1 

Teamwork Skills 18 8 7 3 — 36 2 

Problem Solving & 

Critical Thinking  

17 11 5 3 — 36 2 

Priority & Time 

Management 

6 6 15 9 — 36 3 
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Table 6.48. Kruskal-Wallis test results for class standing (n = 213). 

  Kruskal-Wallis Test 

 Skill Value Significance 

Communication 1.390 0.437 

Teamwork 0.004 0.987 

Problem Solving & Critical Thinking  1.160 0.478 

Time Management 1.250 0.453 

Sp21 participants were also provided spaces to list additional skills, with accompanied 

rankings, that they perceived as valuable to their career. Although no discernable trends were 

found, the skills found within student responses are presented below in Table 6.49.  

Table 6.49. Additional skills students listed in the Sp21 ranking prompt, represented by number 

of participants (n). 

 Ranking (n) 

Main Skill Set Subskill Category 

Specific Skill 

Mentioned 

1 2 3 4 5 6 7 

Interpersonal 

Skills 

Communication Skills Listening Skills 

(includes active 

listening & listening) 

2 2 2 
   

1 

Public Speaking 

(includes presenting 

to groups) 

 
1 

   
1 

 

Writing 
      

1 

Teamwork & Collaboration Splitting Up Work 

Equally 

  
1 

    

Dedication from the 

Group Members 

   
1 

   

Getting [Along] with 

Each Other 

      
1 

Social Skills Dependability 1 
      

Misc. Interpersonal Skills Leadership 1 1 
 

2 
 

2 
 

Intrapersonal 

Skills 

Work Ethic Motivation 
  

1 
    

Perseverance 
   

1 
   

Personal 

Responsibility 

 
1 

     

Progress and 

Reflection 

 
1 

     

Responsibility 1 
 

1 
    

Staying [on] Task 
    

1 
  

Work Ethic 1 
      

Personality & Character Traits Adaptability 
 

1 1 
   

2 

Confidence 
 

1 
     

Honesty 
 

1 
     

Openness to New 

Ideas 

     
1 

 

Patience 
   

1 
   

Positive Attitude 1 
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Table 6.49 (cont’d) 

Problem Solving & Critical 

Thinking 

 — Breaking Down 

Problems into 

Manageable Parts 

1 
      

Creativity 
 

1 1 
 

1 1 
 

Finding Alternatives 
  

1 
    

Forecasting 
  

1 
    

Summarizing 

Data/Information 

  
1 

    

Priority & Time 

Management 

 — Efficiency 1 
      

Organization 
 

1 2 
 

1 
  

Planning 1 
      

Turning in Things on 

Time 

1 
      

Occupation-Specific Skills Technical Skills Technical Skills 

(includes: 

technology skills) 

 
1 

   
1 

 

Field-Specific Knowledge Research Skills 1 
      

Field-Specific Knowledge Research and 

Planning 

1 
      

Misc. Occupation-specific 

Skills 

Preparing Reports 
 

1 
     

Process 

Documentation 

  
1 

    

Professionalism 
    

1 
  

Education & Learning 

Skills 

Education & Credentials Having Educational 

Conversations 

     
1 

 

Other Skills  — Attention to Detail 
    

1 
  

Diversity 
    

1 
  

Involvement 
   

1 
   

Participation 1 
      

Work Split 
  

1 
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A.VI.24. Multi-response Results 

Below are all tables used to determine the outcomes of multi-response prompts as discussed in 

Chapter VI. Each skill was first filtered for participants who recognized a skill as being 

necessary for their future career goal before exploring development and differences in the 

selection process using demographic variables. This resulted in each skill containing differing 

number of participants. All corresponding tables on pages 387 – 394. 

Table 6.50. Participants who selected communication skills as being developed within the 

course(s) out of those who also recognized this skill as a valuable career competency within 

Fa19, Sp20, and Su20 semesters, n, (%). 

 Chi-square Test 

Demographic 

Skill Selected 

as Developed, 

n (%)  Test Value p-value df  

Prior Experience† 

 Yes, has had prior experience (n = 55) 46 (84) 0.551 0.646 1 

 No, has not had prior experience (n = 35) 32 (91) 

Career Goal 

 Health & Medical Professions (n = 985) 869 (88) 3.188 0.416 2 

 

Engineering & Associated Subspecialties  

(n = 374) 317 (85) 

 Other Career Goals (n = 466) 402 (86)  

First-Generation Status 

 First-Generation Student (n = 395) 335 (85) 1.925 0.361 1 

 

Continuing-Generation Student  

(n = 1,430) 1,253 (88) 

Class Standing  

 Lower Classman (n=1,451) 1,271 (88) 1.872 0.368 1 

 Upper Classman (n = 374) 317 (85) 

Learning Environment  

In-person Learning (n = 887)  788 (89) 5.255 0.209 2 

Emergency Remote Learning Transition  

(n = 848) 722 (85) 

Online Learning (n = 90) 78 (87) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

90 participants who selected communication skills as needed for their future career goal within this semester and 

used in testing. 
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Table 6.51. Participants who selected teamwork skills as being developed within the course(s) 

out of those who also recognized this skill as a valuable career competency within Fa19, Sp20, 

and Su20 semesters, n, (%). 

 Chi-square Test 

Demographic 

Skill Selected as 

Developed  Test Value p-value df  

Prior Experience† 

 Yes, has had prior experience (n = 33) 32 (97) 0.255 0.764 1 

 

No, has not had prior experience  

(n = 48) 44 (92) 

Career Goal 

 Health & Medical Professions (n = 935) 860 (92) 2.788 0.437 2 

 

Engineering & Associated 

Subspecialties  

(n = 378) 343 (91) 

 Other Career Goals (n = 467) 417 (89) 

First-Generation Status 

 First-Generation Student (n = 388) 344 (89) 2.996 0.220 1 

 

Continuing-Generation Student  

(n = 1,392) 1,276 (79) 

Class Standing  

 Lower Classman (n = 1,416) 1,296 (92) 1.941 0.361 1 

 Upper Classman (n = 364) 324 (89) 

Learning Environment 

 In-person Learning (n = 874)  803 (92) 3.020 0.425 2 

 

Emergency Remote Learning Transition  

(n = 825) 

741 (90) 

 Online Learning (n = 81) 76 (94) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

81 participants who selected teamwork skills as needed for their future career goal within this semester and used in 

testing. 
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Table 6.52. Participants who selected solving problems as being developed within the course(s) 

out of those who also recognized this skill as a valuable career competency within Fa19, Sp20, 

and Su20 semesters, n, (%). 

  Chi-square Test 

Demographic  

Skill Selected 

as Developed  Test Value p-value df  

Prior Experience† 

  Yes, has had prior experience (n = 33) 26 (79) 0.156 0.815 1 

  No, has not had prior experience (n = 52) 44 (85) 

Career Goal 

  Health & Medical Professions (n = 978) 880 (90) 6.621 0.117 2 

  

Engineering & Associated Subspecialties  

(n = 380) 326 (86) 

  Other Career Goals (n = 469) 405 (86) 

First-Generation Status 

  First-Generation Student (n = 390) 340 (87) 0.369 0.704 1 

  Continuing-Generation Student (n = 1,437) 1,271 (88) 

Class Standing  

  Lower Classman (n = 1,455) 1,297 (89) 5.918 0.064 1 

  Upper Classman (n = 372) 314 (84) 

Learning Environment 

 In-person Learning (n = 898) 808 (90) 6.988 0.112 2 

 

Emergency Remote Learning Transition 

(n = 844) 

733 (87) 

 Online Learning (n = 85) 70 (82) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

85 participants who selected solving problems as needed for their future career goal within this semester and used in 

testing. 
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Table 6.53. Participants who selected working with data as being developed within the course(s) 

out of those who also recognized this skill as a valuable career competency within Fa19, Sp20, 

and Su20 semesters, represented by number and the related percent of participants (n = 1,680), n, 

(%). 

  Chi-square Test  

 Demographic 

Skill Selected as 

Developed  

Test 

Value p-value df 

Effect 

Size 

Prior Experience† 

  

Yes, has had prior experience (n = 

27) 23 (85) 

—§ 1.000 1 — 

  

No, has not had prior experience  

(n = 43) 36 (84) 

Career Goal 

  

Health & Medical Professions  

(n = 861) 788 (92) 

10.980 0.022 2 0.081 

  

Engineering & Associated 

Subspecialties (n = 367) 315 (86) 

  Other Career Goals (n = 452) 394 (87) 

First-Generation Status 

  First-Generation Student (n = 367) 320 (87) 1.528 0.425 1 — 

  

Continuing-Generation Student  

(n = 1,313) 1,177 (90) 

Class Standing  

  Lower Classman (n = 1,336) 1,203 (90) 5.449 0.082 1  

  Upper Classman (n = 344) 294 (86) 

Learning Environment 

 In-person Learning (n = 827) 740 (90) 1.796 0.589 2 — 

 

Emergency Remote Learning 

Transition 

(n = 783) 

698 (89) 

 Online Learning (n = 70) 59 (84)  

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

70 participants who selected working with data as needed for their future career goal within this semester and used 

in testing. § Fisher exact test that returned no chi-square test value associated with significance.  
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Table 6.54. Participants who selected priority & time management as being developed within the 

course(s) out of those who also recognized this skill as a valuable career competency within 

Fa19, Sp20, and Su20 semesters, represented by number and the related percent of participants 

(n = 1,808), n, (%). 

  Chi-square Test 

Demographic  

Skill Selected as 

Developed  Test Value p-value df  

Prior Experience† 

  Yes, has had prior experience (n = 31) 25 (81) 0.384 0.704 1 

  

No, has not had prior experience  

(n = 46) 33 (72) 

Career Goal 

  

Health & Medical Professions  

(n = 965) 854 (89) 

7.132 0.111 2 

  

Engineering & Associated 

Subspecialties (n = 377) 314 (83) 

  Other Career Goals (n = 466) 398 (85) 

First-Generation Status 

  First-Generation Student (n = 384) 328 (85) 0.480 0.674 1 

  

Continuing-Generation Student  

(n = 1,424) 1,238 (87) 

Class Standing  

  Lower Classman (n = 1,443) 1,259 (87) 2.213 0.322 1 

  Upper Classman (n = 365) 307 (84) 

Learning Environment 

 In person Learning (n = 892) 777 (87) 8.843 0.054 2 

 

Emergency Remote Learning Transition 

(n = 839) 

731 (87) 

 Online Learning (n = 77) 58 (75) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

77 participants who selected priority & time management as needed for their future career goal within this semester 

and used in testing. 
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Table 6.55. Participants who selected self-motivation as being developed within the course(s) 

out of those who also recognized this skill as a valuable career competency within Sp20 and 

Su20 semesters, represented by number and the related percent of participants (n = 909), n, (%). 

  Chi-square Test 

Demographic  

Skill Selected as 

Developed 

Test 

Value p-value df 

Effect 

Size 

Prior Experience  

  Yes, has had prior experience (n = 31) 20 (65) 0.040 0.921 1 — 

  

No, has not had prior experience  

(n = 47) 28 (60) 

Career Goal 

  

Health & Medical Professions (n = 

507) 419 (83) 

20.055 0.006 2 0.149 

  

Engineering & Associated 

Subspecialties (n = 181) 125 (69) 

  Other Career Goals (n = 221) 157 (71) 

First-Generation Status 

  First-Generation Student (n = 200) 150 (75) 0.507 0.664 1 — 

  

Continuing-Generation Student  

(n = 709) 551 (78) 

Class Standing  

  Lower Classman (n = 706) 556 (79) 4.388 0.117 1 — 

  Upper Classman (n = 203) 145 (71) 

Learning Environment  

 
Emergency Remote Learning 

Transition (n = 831) 
653 (79) 10.790 0.006 1 -0.114 

 Online Learning (n = 78) 48 (62) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

78 participants who selected self-motivation as needed for their future career goal within this semester and used in 

testing. 

Table 6.56. Adjusted residuals of career goal and selection of self-motivation as a skill 

developed within the course(s)(Bonferroni adjusted critical value for residuals ± = 2.6). 

Variable Groups Tested 

Adjusted 

Residual 

Expected 

Count 

Observed 

Count 

Self-motivation Chosen as Skill Developed x 

Health & Medical Professions 

4.7 416.3 447 

Self-motivation Not Chosen as Skill Developed 

x - Health & Medical Professions 

-4.7 128.7 98 

Self-motivation Chosen as Skill Developed x 

Engineering & Associated Subspecialties  

-3.1 148.2 132 

Self-motivation Not Chosen as Skill Developed 

x Engineering & Associated Subspecialties 

3.1 

 

45.8 62 

Self-motivation Chosen as Skill Developed x 

Other Career Goals 

-2.5 182.5 168 

Self-motivation Not Chosen as Skill Developed 

x Other Career Goals 

2.5 56.5 71 
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Table 6.57. Participants who selected technical skills as being developed within the course(s) out 

of those who also recognized this skill as a valuable career competency within Fa19, Sp20, and 

Su20 semesters, represented by number and the related percent of participants (n = 1,796), n, 

(%). 

  Chi-square Test 

Demographic  

Skill Selected as 

Developed Test Value p-value df 

Effect 

Size 

Prior Experience† 

  

Yes, has had prior experience  

(n = 32) 

11 (34) 0.055 0.916 1 — 

  

No, has not had prior experience 

(n = 48) 

21 (44) 

Career Goal 

  

Health & Medical Professions  

(n = 966) 

782 (81) 15.409 0.006 2 0.093 

  

Engineering & Associated 

Subspecialties (n = 370) 

263 (71) 

  Other Career Goals (n = 460) 362 (79) 

First-Generation Status 

  

First-Generation Student (n = 

387) 

301 (79) 0.367 0.704 1 — 

  

Continuing-Generation Student  

(n = 1,409) 

1,106 (79) 

Class Standing  

  Lower Classman (n = 1,428) 1,151 (81) 20.361 0.006 1 -0.108 

  Upper Classman (n = 368) 256 (70) 

Learning Environment  

 In-person Learning (n = 877) 706 (81) 72.686 0.006 2 0.201 

 

Emergency Remote Learning 

Transition (n = 839) 

669 (80) 

 Online Learning (n = 80) 32 (40) 

† Sample sizes are smaller due to demographic variable being accounted for in the Su20 semester only, totaling n = 

80 participants who selected technical skills as needed for their future career goal within this semester and used in 

testing. 
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Table 6.58. Adjusted residuals of learning environment and selection of technical skills as a skill 

developed within the course(s)(Bonferroni adjusted critical value for residuals ± = 2.6). 

Variable Groups Tested 

Adjusted 

Residual 

Expected 

Count 

Observed 

Count 

Technical Skills Chosen as Skill Developed x 

In-person Learning  

2.2 687 706 

Technical Skills Not Chosen as Skill Developed 

x - In-person Learning  

-2.2 190 171 

Technical Skills Chosen as Skill Developed x 

Emergency Remote Learning Transition  

1.3 657.3 669 

Technical Skills Not Chosen as Skill Developed 

x Emergency Remote Learning Transition  

-1.3 181.7 170 

Technical Skills Chosen as Skill Developed x 

Online Learning  

-8.5 62.7 32 

Technical Skills Not Chosen as Skill Developed 

x Online Learning  

8.5 17.3 48 
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A.VI.25. Multiple Choice Selection Corresponding to Open Answer Responses Regarding 

Development in Fa19, Sp20, and Su20 Survey Administration  

Below are the results of the multiple-choice skill selections in which students chose a skill via 

multiple choice to elaborate on development in the courses through open answer responses. 

Table 6.59 contains the overall tabulations of skills students selected to talk about, while Table 

6.60 filters for students who selected a skill as needed and developed within the multi-response 

prompt and investigates who further chose to speak about development of each particular skill in 

open answer responses. Open responses were sampled and any skill where ≥ 20% of participants 

selected the skill as needed and developed in the multi-response portion of the survey were 

included in analysis. 

Table 6.59. Combined overall frequencies for open answer skill choices by semester with no 

added filter (n = 2,315), n (%). 

Employer-desired Competency (EDC) 

Semester, 

n (%) 

Fa19 

(n = 1,229)* 

Sp20 

(n = 985)* 

Su20 

(n = 101) 

Communication Skills 489 (40) 361 (37) 24 (24) 

Teamwork Skills 661 (54) 540 (55) 31 (31) 

Solving Problems  323 (26) 165 (17) 11 (11) 

Prioritization & Time Management 327 (27) 219 (22) 8 (8) 

Technical Skills 69 (6) 59 (6) 3 (3) 

Acquiring Knowledge  111 (9) 73 (7) 2 (2) 

Embracing Change 79 (6) 103 (10) 4 (4) 

Working with Data 339 (28) 295 (30) 13 (13) 

Working in a Diverse Environment 60 (5) 42 (4) 0 (0)  

Curiosity 0 (0) 27 (3) 1 (1) 

Self-motivation 0 (0) 86 (9) 4 (4) 

*Participants for FA19 (n = 1,229) and SP20 (n = 986) are represented twice (never for the same skill) due to the 

aggregation of skill choice 1 and 2 for these semesters resulting in column total being double the sample size. † 

Curiosity and self-motivation was not available for selection in Fa19 survey administration.  
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Table 6.60. Skill choice in Fa19 semester when filtering for participants who selected skill as 

needed for their future career and developed in the course in multi-response prompt (n = 1,229). 

Employer-desired 

Competency (EDC) 

Selected Skill as 

Needed/Developed in 

Multi-Response (n) 

Skill Choice Multiple 

Choice Response for 

Open Answer (n) 

% of Participants Who 

Chose to Talk About Skill 

in Open Answer (%) 

Communication Skills 788 328 42 

Teamwork Skills 803 449 56 

Solving Problems 808 213 26 

Prioritization & Time 

Management 

777 222 29 

Technical Skills 706 44 6 

Acquiring Knowledge 748 57 8 

Embracing Change 636 52 8 

Working with Data 740 212 29 

Working in a Diverse 

Environment 

700 35 5 

Table 6.61. Skill choice in Sp20 semester when filtering for participants who selected skill as 

needed for their future career and developed in the course in multi-response prompt (n = 985). 

Employer-desired 

Competency 

Selected Skill as 

Needed/Developed 

in Multi-Response 

(n) 

Skill Choice Multiple 

Choice Response for 

Open Answer (n) 

% of Participants Who 

Chose to Talk About 

Skill in Open Answer 

(%) 

Communication Skills 722 279 39 

Teamwork 741 414 56 

Solving Problems 733 125 17 

Prioritization & Time 

Management 

731 172 24 

Technical Skills 669 48 7 

Acquiring Knowledge 697 47 7 

Embracing Change 627 76 12 

Working with Data 698 223 32 

Working in a Diverse 

Environment 

669 29 4 

Curiosity 556 4 1 

Self-motivation 653 16 2 
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Table 6.62. Skill choice in Su20 semester when filtering for participants who selected skill as 

needed for their future career and developed in the course in multi-response prompt (n = 101). 

Employer-desired 

Competency 

Selected Skill as 

Needed/Developed in 

Multi-Response (n) 

Skill Choice Multiple 

Choice Response for 

Open Answer (n) 

% of Participants Who 

Chose to Talk About Skill 

in Open Answer (%) 

Communication Skills 78 22 28 

Teamwork 76 21 28 

Solving Problems 70 9 13 

Prioritization & Time 

Management 

58 6 10 

Technical Skills 32 1 3 

Acquiring Knowledge 61 1 2 

Embracing Change 31 1 3 

Working with Data 59 9 15 

Working in a Diverse 

Environment 

37 0 0 

Curiosity 29 0 0 

Self-motivation 48 3 6 

Table 6.63. Number of participants sampled from and included in open answer analyses (n). 

 Semester 

Competency  Fa19 Sp20 Su20 Total 

Communication Skills 60 60 22 142 

Teamwork Skills 60 60 20§ 140 

Problem-solving & Critical Thinking  120* 60† — 180 

Prioritization & Time Management 60 60 — 120 

Total 300 240 42 582 

*Combines solving problems (n = 60) & working with data (n = 60). † Just working with data (n = 60). § One 

participant was removed from analysis due to answers pertaining to recitation and not lab.  
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A.VI.26. Skills Fa20 Participants Spoke Most of Developing  

Below in Table 6.64 are the number of students who spoke of perceived development for each of 

the six EDCs provided. Because ≥20% of participants spoke of development for each skill, all 

skills were included in analysis.  

Table 6.64. Participants who related employer-desired competencies to development within the 

general chemistry laboratory courses, n, (%). 

Employer-desired Competency Participants Who Perceived Development 

Communication Skills  121 (61) 

Teamwork Skills  152 (76) 

Problem-solving & Critical Thinking  76 (38) 

Prioritization & Time Management  70 (35) 

Self-motivation (Work Ethic)  65 (33) 

Technical Skills  41 (21) 
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A.VI.27. Skills Fa21 Participants Spoke Most of Developing  

Fa21 analysis followed a similar pattern, of investigating development within the courses, as was 

applied to interviews. Students were asked in the Fa21 final reflective assignment survey to 

express the skills they perceived to be needed for their future career followed by a prompt asking 

students to use these skills to relate course components to skill development. The top six skills 

students recognized as valuable career competencies were communication skills (n = 71, 36%), 

teamwork skills (n = 63, 32%), work ethic (n = 62, 31%), field-specific knowledge (n = 74, 

37%), problem-solving & critical thinking (n = 49, 25%), and prioritization & time management 

(n = 56, 28%)(Figure 6.27). Of the Fa21 survey participants who recognized these skills as 

valuable, most chose to relate the course to development of teamwork (n = 59, 94%), 

communication (n = 55, 77%), prioritization & time management (n = 40, 71%), and problem-

solving & critical thinking (n = 32, 65%) skills (Table 6.64). Less frequently, those who 

mentioned needing work ethic skills and field-specific knowledge related development to the 

general chemistry laboratory courses (n = 17, 27% and n = 27, 36% respectively). The skills in 

which ≥20% of participants spoke of development were included in qualitative analysis and the 

number of participants included are found within Table 6.65. 
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Figure 6.27. Expanded skill sets Fa21 final reflective assignment survey participants recognized 

as being valuable to their future career goal (%).  

Table 6.65. Perceived development of skills selected as valuable career competencies, 

represented by number and the related percent of participants (percentage is representative of 

percent of participants who perceived development out of those who selected a skill as valuable 

to career goal), n, (%). 

Student-perceived Competency Participants Who Perceived Development 

Communication Skills (n = 71) 55 (77) 

Teamwork Skills (n = 63) 59 (94) 

Problem-solving & Critical Thinking (n = 49) 32 (65) 

Prioritization & Time Management (n = 56) 40 (71) 

Work Ethic (n = 62) 17 (27) 

Field-specific Knowledge (n = 74) 27 (36) 
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A.VI.28. Course Element Codes 

To explore the ways in which participants related various course elements to perceived 

development of skills, survey responses across each of the five semesters included in analyses 

were combined for related skills. This resulted in the total sample sizes for each competency 

displayed in Table 6.66.  

Table 6.66. Number of participants represented in themes generated by qualitative analysis of 

open answer responses by skill and semester (n). 

 Semester 

Competency  Fa19 Sp20 Su20 Fa20 Fa21 Total 

Communication Skills 60 60 22 121 55 318 

Teamwork Skills 60 60 20‡ 152 59 351 

Problem-solving & Critical 

Thinking  

120* 60† — 76 32 288 

Prioritization & Time 

Management 

60 60 — 70 40 230 

Work Ethic — — — 65§ 17 82 

Technical Skills — — — 41 — 41 

Field-specific Knowledge — — — — 27 27 

Total 300 240 42 525 230 1,337 

*Combines solving problems (n = 60) & working with data (n = 60). †Just working with data (n = 60). §Just self-

motivation skills. ‡One participant was removed from analysis due to answers pertaining to recitation and not lab.  

From these aggregated results, major and minor themes were generated using the same 

method as applied to interviews (A.IV.17) and presented in Table 6.67 and Table 6.68. Course 

elements, not previously observed within interviews, that emerged in survey responses were a) 

solving problems & finding solutions, b) determining unknown, c) writing notebooks & lab 

reports, d) general lab experience, and e) other. These codes were the product of ambiguity in 

survey responses and the inability to further inquire the meaning behind comments - a key 

limitation of survey administration versus conducting interviews. Because these codes do not 

contribute to major or minor themes, surrounding skill development that are defined in the main 

body of Chapter VI, each of these codes is expanded upon below.  

Solving problems & finding solutions was a code created from broad remarks made by 

students that skill development occurred in the courses through having “to be able to use [skill] 

to solve the problems we are given in the lab,” (EDC_0848) without further expanding upon how 

this was done or factors that contributed to this action. This is distinct from the Finding Solutions 

to Proposed Problem code under Open Inquiry, in Table 6.70, based on additional context 

provided. If students referenced being given a project, scenario, or issue/problem at the 
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beginning of the project that needed to be solved with given resources, background information, 

and/or tools or mentioning that the course is “open-ended,” the code was sorted under open 

inquiry learning and defined as Finding Solutions to Proposed Problem. Another notable code 

that appeared in surveys was having to Determine Unknowns. This was defined by students 

having to determine an unknown variable that was given (e.g., determining what food dyes were 

present in an unknown beverage). This code was used broadly to encompass a student’s 

complete response, as well as in addition to other codes (e.g., using data analysis to determine 

unknowns present). While Writing Lab Notebooks & Reports is generally housed under Course 

Activities, general statements made by students in survey responses (e.g., “We had to some 

reports throughout the course” (EDC_2899)) facilitated generation of this code.  

It was through students mentioning performing experiments (e.g., implementing planned 

procedure, hands-on experiences with chemicals, taking measurements), learning how to work in 

a lab environment (e.g., lab etiquette, safety, waste disposal), and learning lab techniques when 

speaking of skill development that the code of General Lab Experience was created. This 

category was generated due to the belief that these are typical laboratory experiences one expects 

a student to engage in during their time in a general chemistry laboratory environment.  

The last code contained in Table 6.67 and 6.68 that had not been previously defined is 

the Other category. This code houses statements made by students that were not mentioned by 

many participants throughout the semesters included in analysis and those that did not fit within 

any other category within the coding scheme. This includes subcodes such as learning from 

mistakes and areas which can be improved, observing how teaching assistant’s teach and manage 

the classroom, having a willingness to learn, the desire to do well in the course, and overcoming 

challenges among others as factors in the courses that aided skill development.  

Major themes ( > 60 of participants who mentioned course element as contributing to 

development of a specific skill) and minor themes (20 – 60% of participants spoke of course 

element in relation to specific skill development) that contained additional subcodes were further 

unpacked in Table 6.69 and Table 6.70. These tables act as a point of reference for the results 

and discussion in Chapter VI. Course elements that contributed to perceived skill development 

represented by number of participants. All corresponding tables present on pages 403 – 406. 
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Table 6.67. Course elements that contributed to perceived skill development represented by 

number of participants (n). 

 Skill Perceived as Developed in Course(s) 

Course Element that 

Contributed to Perceived 

Development  

Communication 

Skills 

(n = 318) 

Teamwork 

Skills 

(n = 351) 

Problem-

solving & 

Critical 

Thinking 

(n = 288) 

Prioritization 

& Time 

Management 

(n = 230) 

Collaborative Environment  284 335 50 69 

Open Inquiry Learning  12 12 73 9 

Course Activities  30 30 28 11 

Course Projects 8 6 35 6 

Individual Task, 

Assignment, & Project 

Management  

— 2 4 149 

Conveying Information to 

Others  

45 2 6 — 

Real World Context  — — 1 — 

Conceptual Learning & 

Application  

1 — 9 — 

Working with Data  5 6 107 8 

Using Course Resources  1 1 27 — 

Troubleshooting  
— 2 25 2 

Reasoning & Sensemaking  2 2 27 — 

Persevering Through Course  — — — 1 

Solving Problems & Finding 

Solutions 

— — 19 — 

Determining Unknown 1 1 19 — 

Writing Lab Notebook & 

Reports 

2 1 1 1 

General Lab Experience 2 3 3 2 

Other — — 1 2 

 

Key  

Color  Percentage (%) 

 81 - 100 

 61 - 80 

 41 - 60 

 21 - 40 

 0 - 20  
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Table 6.68. A continuation of course elements that contributed to perceived skill development 

represented by number of participants (n). 

 Skill Perceived as Developed in Course(s) 

Course Element that 

Contributed to Perceived 

Development  

Work Ethic 

(n = 82) 

Technical Skills 

(n = 41) 

Field-specific  

Knowledge 

(n = 27) 

Collaborative Environment  21 2 2 

Open Inquiry Learning  1 — 6 

Course Activities  3 2 2 

Course Projects — — 3 

Individual Task, Assignment, & 

Project Management  

38 — — 

Conveying Information to Others  — 1 3 

Real World Context  — — 3 

Conceptual Learning & 

Application  

5 2 14 

Working with Data  1 5 1 

Using Course Resources  — 16 1 

Troubleshooting  1 — — 

Reasoning & Sensemaking  — 1 3 

Persevering Through Course  18 1 — 

Solving Problems & Finding 

Solutions 

2 4 — 

Determining Unknown — — 1 

Writing Notebook & Reports — 1 1 

General Lab Experience — 4 7 

Other 2 — 1 

 

Key  

Color  Percentage (%) 

 81 - 100 

 61 - 80 

 41 - 60 

 21 - 40 

 0 - 20  
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Table 6.69. Frequency of subcodes within the Collaborative Learning Environment course 

element category and perceived association with supporting development of specific EDCs (n). 

Course Elements  

within the 

Collaborative 

Environment Subcodes 

Skill Perceived as Developed in Course(s) 

Communication 

Skills 

(n = 318) 

Teamwork 

Skills 

(n = 351) 

Prioritization 

&  

Time  

Management 

(n = 230) 

Work Ethic 

(n = 82) 

Communication& 

Collaboration  

with Team 

Delegating & 

Coordinating  

143 122 61 6 

 

Learning to 

Work with 

Others & Be a 

Team Player 

43 92 6 11 

 Listening & 

Sharing Ideas 

34 43 — 2 

 

Recognizing 

Importance of 

Communication 

in Teamwork 

32 14 1 — 

 
Asking 

Questions & For 

Help 

23 7 3 1 

 Building 

Relationships  

1 4 — — 

 

Solving 

Problems & 

Finding 

Solutions as a 

Team 

24 34 2 1 

 

General 

Communication 

& Collaboration 

with Team 

76 128 4 2 

Communication& 

Collaboration  

with TA 

Asking 

Questions & 

Receiving 

Guidance  

9 1 1 2 

General 

Communication 

& Collaboration 

with TA 

9 — — — 

Recognizing 

Importance of 

Communicating 

with TA  

3 — — — 

Additional 

Collaborative  

Elements Not  

Related to One  

Group in Specific 

Asking 

Questions and 

Receiving Help 

5 1 — — 
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Table 6.70. Frequency of subcodes within the Open Inquiry Learning, Working with Data, 

Conceptual Learning & Application, and Using Course Resources course element codes and 

their association with development of particular EDCs (n). 

Course 

Element  Subcodes  

Skill Perceived as Developed in Course(s) 

Problem-solving & 

Critical Thinking 

(n = 288) 

Technical Skills 

(n = 41) 

Field-specific  

Knowledge 

(n = 27) 

Open Inquiry 

Learning  

Designing & 

Planning 

Experiments 

58 N/A 6 

Less Guidance 

Provided in Course  

12 N/A 1 

Investigating 

Driving Problem 

& Finding 

Resources  

11 N/A — 

Finding Solutions 

to Proposed 

Problem  

4 N/A — 

Working with 

Data 

Data Collection & 

Record Keeping  

61 N/A N/A 

Analyzing, 

Interpreting, & 

Displaying Data  

79 N/A N/A 

Working with 

Large Amounts of 
Data 

5 N/A N/A 

Working With & 

Using Multiple 

Types of Data 

1 N/A N/A 

Using Data in Lab 

Reports & 

Presentations 

2 N/A N/A 

Conceptual 

Learning & 

Application 

Learning New 

Concepts & 

Information 

N/A N/A 12 

Applying 

Knowledge  

N/A N/A 3 

Using Course 

Resources 

Course Instrument 

& Tools 

N/A 6 N/A 

General Use of 

Course Resources 

N/A 1 N/A 

Computer, 

Software, & 

Application Use 

(e.g., LoggerPro) 

N/A 11 N/A 

*N/A is used to denote where further exploration of codes within a theme were not applicable to a particular skill, 

whereas an Em dash (—) is used to denote absence of code application where a theme was further investigated for a 

particular skill.  
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A.VI.29. Influence of Online Learning on Skill Development within Sp20 and Su20 Survey 

Administration 

The influence of online learning on skill development was investigated through looking into 

participant experiences surrounding remote learning either hindering (Table 6.71) or supporting 

(Table 6.72) development. This section explores the codes relevant to Sp20 and Su20 survey 

administration for the skills communication, teamwork, problem-solving & critical thinking and 

prioritization & time management. Only communication skills were investigated when looking 

into how online learning supported skill development due to this being the only skill in which 

there was a somewhat sizeable sample that found remote learning to aid in growth of these skills. 

Those identified as emergent themes are discussed in full within the main chapter. All 

corresponding tables present on pages 408 – 409.  
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Table 6.71. Perception of how virtual learning in the laboratory hindered skill development for 

Sp20 and Su20 Semesters (n). 

 Skill 

Reason Online 

Learning Hindered 

Development 

Communication 

Skills 

(n = 26) 

Teamwork 

Skills 

(n = 46) 

Problem-

solving & 

Critical 

Thinking 

(n = 16) 

Prioritization 

& Time 

Management 

(n = 15) 

Harder to 

Communicate/ 

Collaborate  

9 10 — 1 

Lack of Hands-on/In-

person Learning  

2 2 11 4 

Lack of 

Communication/ 

Collaboration 

16 34 — 2 

More Individual 

Learning Experience 

8 14 — — 

Lack of Motivation — — 1 1 

Distracting Home 

Environment  

— — — 2 

Lack of Learning  — — 3 — 

Lack of Interest, 

Enjoyment, & 

Engagement 

— 1 — — 

More 

Difficult/Challenging 

— 1 — — 

Feeling at a 

Disadvantage 

1 — — — 

Easier to Procrastinate — — — 2 

Lack of Individual 

Tasks 

— 1 — — 

Enjoys Working 

Individually  

— 1 — — 

Having More Time & 

Less Strict Deadlines 

— 1 — — 
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Table 6.72. Perception of how virtual learning in the laboratory supported development of 

communication skills for Sp20 and Su20 participants, n, (%). 

 Skill 

Reason Online Learning Supported 

Development 

Communication 

Skills 

(n = 26) 

Learned to Adapt/Be Flexible 7 

Harder to Communicate/ 

Collaborate 

3 

Importance of Teamwork/Communication Online 2 
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A.VI.30. Skills Necessary, Skill Proficiency & Desire for Further Development 

Table 6.73. Skills participants perceived as necessary for their career, skills they believe they are 

proficient in, and skills they would like to develop throughout their college career in Fa21 IRA 

survey responses (n = 200), n, (%). 

Main Skill Set 

# of Respondents (%) 

Identified as Career 

Competency 

Proficiency 

in Skill Set* 

Would Like to 

Develop Skill Set* 

Interpersonal Skills 124 (62) 82 (66) 66 (53) 

Intrapersonal Skills 82 (41) 42 (51) 39 (48) 

Problem-solving & Critical Thinking 43 (22) 17 (40) 21 (49) 

Prioritization & Time Management 75 (38) 39 (52) 33 (44) 

Occupation Specific Skills 96 (48) 33 (34) 80 (83) 

Education & Learning Skills 46 (23) 10 (22) 24 (52) 

Other Skills 27 (14) 12 (44) 12 (44) 

No Skills Listed 2 (1) — — 

*Percent is taken from the number of students within category out of the number of students who identified the skill 

set as valuable to their career.  
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A.VI.31. Areas in Which Students Have Learned of Skills Outside of GCL1/GCL2  

Table 6.74. Fa21 FRA overall multiple-choice results asking participants what recent 

educational setting they had learned about EDCs in, n, (%). 

Response n (%) 

Yes, at MSU (excluding the general chemistry laboratory courses) 126 (12) 

Yes, in high school 138 (13) 

Yes, both in high school and at MSU (excluding the general chemistry laboratory courses) 588 (55) 

No 77 (7) 

I'm not sure 134 (13) 

Total (n) 1063 

Table 6.75. Fa21 FRA multiple-choice results asking participants what recent educational setting 

they had learned about EDCs in by career goal, n, (%). 

 Career Goals  

Response 

Health & Medical 

Professions 

Engineering &  

Associated 

Subspecialties 

Other 

Careers 

Total 

(n) 

Yes, at MSU (excluding  

the general chemistry laboratory 

courses) 54 (10) 23 (14) 49 (14) 126 

Yes, in high school 72 (13) 17 (10) 49 (14) 138 

Yes, both in high school  

and at MSU (excluding  

the general chemistry laboratory 

courses) 327 (59) 101 (60) 160 (47) 588 

No 43 (8) 7 (4) 27 (8) 77 

I'm not sure 60 (11) 20 (12) 54 (16) 134 

Total (n) 556 168 339 1063 

Table 6.76. Fa21 FRA multiple-choice results asking participants what recent educational setting 

they had learned about EDCs in by class standing, n, (%). 

 Class Standing 

Response  Lower Classman Upper Classman Total (n) 

Yes, at MSU (excluding the general chemistry 

laboratory courses) 97 (11) 29 (13) 126 

Yes, in high school 117 (14) 21 (10) 138 

Yes, both in high school and at MSU (excluding 

the general chemistry laboratory courses) 464 (55) 124 (57) 588 

No 61 (7) 16 (7) 77 

I'm not sure 108 (13) 26 (12) 134 

Total (n) 847 216 1063 
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Table 6.77. Fa21 FRA multiple-choice results asking participants what recent educational setting 

they had learned about EDCs in by first-generation status, n, (%). 

  First Generation Status 

Response  Continuing Generation First Generation 

Total 

(n) 

Yes, at MSU (excluding the general 

chemistry laboratory courses) 96 (12) 30 (13) 126 

Yes, in high school 99 (12) 39 (27) 138 

Yes, both in high school and at MSU 

(excluding the general chemistry 

laboratory courses) 470 (57) 118 (51) 588 

No 63 (8) 14 (6) 77 

I'm not sure 103 (12) 31 (13) 134 

Total (n) 831 232 1063 
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A.VI.32. Desire to Learn More About EDCs in College Courses  

Table 6.78. Fa21 FRA overall multiple-choice results asking participants if they would like more 

opportunities to learn about EDCs in college courses, n, (%). 

Response  n (%) 

Yes 915 (86) 

No 148 (14) 

Total 1,063 

Table 6.79. Fa21 FRA overall multiple-choice results asking participants if they would like more 

opportunities to learn about EDCs in college courses by career goal, n, (%). 

  Career Goals 

Response 

Health & Medical 

Professions 

Engineering & Associated 

Subspecialties Other Careers 

Total 

(n) 

Yes 479 (86) 148 (88) 288 (85) 915 

No 77 (14) 20 (12) 51 (15) 148 

Total (n) 556 168 339 1063 

Table 6.80. Fa21 FRA overall multiple-choice results asking participants if they would like more 

opportunities to learn about EDCs in college courses by class standing, n, (%). 

  Class Standing 

Response  Lower Classman Upper Classman Total (n) 

Yes 743 (88) 172 (12) 915 

No 104 (80) 44 (20) 148 

Total (n) 847 216 1063 

Table 6.81. Fa21 FRA overall multiple-choice results asking participants if they would like more 

opportunities to learn about EDCs in college courses by first-generation status, n, (%). 

  First Generation Status 

Response Continuing Generation First Generation Total (n) 

Yes 722 (87) 193 (83) 915 

No 109 (13) 39 (17) 148 

Total (n) 831 232 1063 

 

 

 

 

 

 

 

 



 414 

A.VI.33. Student Perceived Value of Skills.  

Table 6.82 - 6.83 display the outcomes of two Fa20 survey questions inquiring whether 

participants viewed the six EDCs provided to participants as valuable to their career goal, as well 

as others.  

Table 6.82. Fa20 overall multiple-choice results for if EDCs are valuable towards future career 

goal, n, (%).  

Response  n (%) 

Yes 1,111 (99.6) 

No 4 (0.4) 

Total (n) 1,115 

Table 6.83. Fa20 overall multiple-choice results for if EDCs are valuable to a variety of careers, 

represented by number and the related percent of participants, n, (%). 

Response  n (%) 

Yes 1,112 (99.7) 

No 3 (0.3) 

Total (n) 1,115 

While asking students areas in which EDCs were perceived as important beyond their 

career was not a question presented in survey prompts, outside of the multiple-choice question 

present to Fa20 participants explored above, some Fa20 and Sp21 students included further 

unprompted commentary of where they place value of these skills in their lives. Focusing on and 

combining results from the six EDCs provided to Fa20 participants (n = 200) and the four EDCs 

given to Sp21 participants (including additional mentions that could be categorized within these 

skills, n = 214), the results present in Table 6.84 were compiled. These are qualitatively coded 

results in addition to the Fa20 multiple-choice questions regarding if skills were perceived as 

valuable to a variety of career goals explored above. Although these results are very small 

portions of the overall survey sample, it shows that students are thinking about how these skills 

are valuable in places that reach outside of the confines of their career or development in the 

courses without prompting and warrants further exploration.  

 

 

 

 

 



 415 

Table 6.84. Value of skills beyond career goal (n). 

 Employer-desired Competency  

Places in 

Which Skill is 

Perceived to be 

Valuable 

Communication 

Skills 

(n = 414) 

Teamwork 

Skills 

(n = 414) 

Problem-

solving & 

Critical 

Thinking 

(n = 414) 

Prioritization 

& Time 

Management 

(n = 414) 

Work 

Ethic 

(n = 200)* 

Any Job/Career 7 8 — 2 — 

College Career 

& Campus Life  

4 2 2 1 1 

General Life 

Skill 

5 8 3 6 1 

*Skill was only present in Fa20 survey prompts.  
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A.VI.34. Building Student Awareness of EDCs 

Table 6.85 displays thematic analysis of an Sp21 survey question that prompted students to 

discuss how they were able to build awareness of EDCs by being introduced to them in scenario 

documents throughout the course. These themes and evidence provided are discussed in the main 

chapter.  

Table 6.85. Qualitative themes exploring how students’ built awareness of EDCs in Sp21 survey 

administration (n = 214), n, (%). 

Theme Number of Participants, n (%) 

Spoke of Applying, Developing, or Practicing Skills 118 (55) 

Learned About Skills & Recognized Their 

Importance  

86 (40) 

Spoke of Learning How to Work with Others in the 

Course  

82 (38) 

Did Not Expand on Question 7 (3) 

Spoke of How Awareness was Built Prior to 

Course/Learned Nothing from Being Introduced to 

Skills in Course  

1 (0.5%) 
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A.VI.35. Value of Developing EDCs to Career Preparation in Course  

Table 6.86. Sp21 overall multiple-choice results asking students if they perceived opportunities 

for development of EDCs to be valuable towards career preparation, n, (%). 

Found Opportunity to Develop Skills Valuable n (%) 

Yes! 205 (96) 

No, I did not develop any transferable skills. 4 (2) 

No, these skills will not contribute to success in my future career 5 (2) 

Total (n) 214 

Table 6.87. Sp21 multiple-choice results asking students if they perceived opportunities for 

development of EDCs to be valuable towards career preparation by class standing, n, (%). 

 Class Standing 

Response 

Lower 

Classman 

Upper 

Classman 

Total 

(n) 

Yes! 170 (96) 35 (97) 205 

No, I did not develop any transferable skills. 4 (2) 0 (0) 4 

No, these skills will not contribute to success in my future 

career 4 (2) 1 (3) 5 

Total (n) 178 36 214 

Table 6.88. Sp21 multiple-choice results asking students if they perceived opportunities for 

development of EDCs to be valuable towards career preparation by first generation student 

status, n, (%). 

 First Gen Status 

Response  

Continuing 

Generation 

First 

Generation 

Total 

(n) 

Yes! 150 (97) 55 (92) 205 

No, I did not develop any transferable skills. 2 (1) 3 (5) 4 

No, these skills will not contribute to success in my 

future career 2 (1) 2 (3) 5 

Total (n) 154 60 214 
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A.VI.36. Ways in Which Opportunities to Develop EDCs were Valuable to Career 

Preparation 

Table 6.89 contains themes that emerged from Sp21 survey questioning that prompted students 

to elaborate on how the opportunity to develop EDCs within the course was valuable to career 

preparation. Table 6.90 displays specific skills mentioned within these survey responses.   

Table 6.89.Qualitative Themes Exploring How Opportunities to Develop Skills were Valuable 

to Career Preparation, represented by number and the related percent of participants (n = 214). 

Theme Number of Participants, n (%) 

Spoke of Applying, Developing, or Practicing Skills 185 (90) 

Spoke of Learning How to Work with Others in the 

Course  

64 (31) 

Learned About Skills & Recognized Their 

Importance  

5 (2) 

Did Not Expand on Question 4 (2) 

Table 6.90. Qualitative Themes Surrounding Specific Skills Mentioned When Students’ Spoke 

of How Opportunities to Develop Skills were Valuable to Career Preparation, represent by 

number of participants (n = 214). 

Skill # of Participants Who Mentioned Skill 

(n) 

Teamwork Skills 86 

Did Not Expand on Specific Skill 77 

Communication Skills 60 

Problem-solving & Critical Thinking 35 

Additional Interpersonal Skills 16 

Time Management & Organization 16 

Technical Skills* 8 

Field-specific Knowledge* 6 

Other Skills 4 

Work Ethic Skills  3 

Intrapersonal Skills 3 

*Although technical skills and field-specific knowledge are typically referenced under occupation-specific skills 

throughout this study, because we did not ask participants to specify skills they perceived to be valuable career 

competencies, during the Sp21 semester, they were not categorized in this manner.  
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CHAPTER VII: BEYOND THE GRADUATE DEGREE: 21st-CENTURY SKILL 

DEVELOPMENT AS A GRADUATE TEACHING ASSISTANT FOR PROJECT-BASED 

GENERAL CHEMISTRY LABORATORY COURSES 

Introduction 

Graduate STEM education in the 21st century plays a critical role in developing the 

technically trained workforce needed to maintain the nation’s economic competitiveness and 

leadership in innovation to solve critical problems (National Academies of Sciences Engineering 

and Medicine, Committee on Revitalizing Graduate STEM Education for the 21st Century, et al., 

2018; Wendler et al., 2012). Master’s and doctorate degree holders typically seek careers in 

academia, industry, or government (ACS Presidential Commission, 2012; Ganapati & Ritchie, 

2021; Wendler et al., 2012). However, students are graduating from graduate programs at a 

greater rate than the supply of available positions (Julie Gould, 2019) leading to challenges for 

some in finding full-time employment (ACS Presidential Commission, 2012), particularly in 

academia (Larson et al., 2014). This can pose an issue as the number of students receiving 

graduate degrees has been trending upwards (National Center for Science and Engineering 

Statistics Directorate for Social Behavioral and Economic Sciences & National Science 

Foundation, 2022). Graduate degrees in chemical sciences alone grew by approximately 31% for 

Master’s degrees and 39% for Ph.D. degrees, from 2000 to 2015 (National Academies of 

Sciences Engineering and Medicine, Committee on Revitalizing Graduate STEM Education for 

the 21st Century, et al., 2018).  

Although obtaining a graduate degree can come with many benefits such as job stability 

and higher earnings (National Academies of Sciences Engineering and Medicine, Committee on 

Revitalizing Graduate STEM Education for the 21st Century, et al., 2018; U.S. Bureau of Labor 

Statistics, 2022; Wendler et al., 2012), past and current research highlights a divide between the 

needs of students and employers and the structure of the typical current chemistry graduate 

program curricula (ACS Presidential Commission, 2012; Ashby & Maher, 2019). Among these 

concerns are a lack of adequate career preparation and opportunities to develop valuable career 

competencies, known as 21st-century skills. With the time and effort dedicated toward achieving 

a graduate degree (ACS Presidential Commission, 2012), it is important that graduate education 

provides students with the skills needed to be successful in the workforce.  
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Career Preparation in Graduate Education 

Chemistry graduate education has been criticized for outdated curricula that does not adequately 

prepare students for the workforce (ACS Presidential Commission, 2012; Ashby & Maher, 2019; 

Caserio et al., 2004; Raber, 2000), particularly those that extend beyond academia. The 2019 

ACS Graduate Student Survey found that chemistry graduate students primarily intend to seek 

careers in academia (38%) or industry (41%)(Kuniyoshi et al., 2021). While many graduate 

students expressed interest in academic careers at the start of their graduate studies, there was a 

notable shift towards careers in industry, government, entrepreneurship, and the non-profit sector 

in the later stages of their graduate education. However, graduate programs may not always 

create an environment that supports students in preparing for careers outside of academia (ACS 

Presidential Commission, 2012; Ganapati & Ritchie, 2021). Busby & Harshman found that 

chemistry graduate students interested in careers in industry felt that their graduate program 

generally lacked opportunities to explore options beyond academia, leading to frustration (Busby 

& Harshman, 2021). Given the variety of jobs that graduates can pursue, graduate education 

needs to prepare students for these diverse occupations (National Academies of Sciences 

Engineering and Medicine, Committee on Revitalizing Graduate STEM Education for the 21st 

Century, et al., 2018). 

Beyond adapting to a more diverse workforce, graduate degree holders must acquire and 

demonstrate proficiency in valuable 21st-century skills such as communication, teamwork, 

problem-solving, critical thinking, and leadership (ACS Presidential Commission, 2012; Cui & 

Harshman, 2020; National Research Council, Division on Earth and Life Sciences, et al., 2012). 

Yet, graduates are reported to be deficient in communication, teamwork, leadership, and project 

management skills (ACS Presidential Commission, 2012; Caserio et al., 2004; National 

Academies of Sciences Engineering and Medicine, Committee on Revitalizing Graduate STEM 

Education for the 21st Century, et al., 2018; Wendler et al., 2012).  

These skills have been recognized for years as necessary for advancing graduate education, 

emphasizing how this issue persists. In 2008, the American Chemical Society’s Committee on 

Professional Training (ACS CPT) recognized the importance of soft skill development, 

advocating for graduate curricula to include opportunities for development of communication, 

teamwork, and critical thinking (Shulman, 2008). Further, the 2012 ACS commission on 

Advancing Graduate Education in the Chemical Sciences was charged with defining the purpose 
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of graduate education; one of which was to equip students with the knowledge and skills needed 

for modern-day careers (ACS Presidential Commission, 2012).  

These desired skills are broadly defined and hard to measure creating challenges for 

operationalizing them within graduate curricula (National Academies, 2011). Furthermore, how 

these skills are used in the workplace can differ based on career path (ACS Presidential 

Commission, 2012; Cui & Harshman, 2020) and there is little evidence to suggest transference of 

these skills from one context to another (Laker & Powell, 2011; National Academies, 2011). Cui 

& Harshman interviewed PhD level chemists employed in academic, industry, and government 

positions, across a variety of specialties (analytical, biochemistry, physical, inorganic, and 

organic), to discern the skills needed to be successful in these career paths (Cui & Harshman, 

2020). While nearly all identified technical skills as relevant to their career, soft skills such as 

communication, teamwork, management, and problem-solving emerged as important. 

Unsurprisingly, the details of how participants described skills depended on their employment 

setting and role. For example, while participant responses about management skills centered on 

allocating people and resources regardless of occupation, research faculty discussed using these 

skills when supervising students, teaching faculty described these skills as training teaching 

assistants, and industry professionals elaborated on these skills in overseeing projects (e.g., 

budget and time management). From the findings of this study, it was recommended that 

graduate education needs to assess how it can fit the needs of graduate students and better 

prepare them for their future career goals by either incorporating a breadth of soft skill 

development into the curriculum that can be broadly applicable across many career goals or 

individualizing professional development based on a graduates intended career path.    

When addressing who is responsible for preparing graduate students for success in the 

workforce, there is consensus that all stakeholders must play their part, including graduate 

students themselves, faculty through the curriculum and mentorship in research, and employers 

through increased collaborations with graduate program developers (Caserio et al., 2004; 

Ganapati & Ritchie, 2021; National Academies of Sciences Engineering and Medicine, 

Committee on Revitalizing Graduate STEM Education for the 21st Century, et al., 2018; 

Wendler et al., 2012). One aspect of the graduate curriculum that may provide opportunities for 

professional development is the teaching assistantship. However, this is an element of graduate 

education that is often overlooked and likely underutilized (Ashby & Maher, 2019) as an area of 
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the curriculum that could potentially be leveraged for career preparation and development of key 

21st-century skills.   

Teaching Assignments & Professional Development 

Graduate teaching assistants (GTAs) are regarded as key players in undergraduate chemistry 

education (Lang et al., 2020) through facilitating recitation or laboratory sections (Fantone et al., 

2023) and are positions filled by many graduate students primarily based on available funding 

(Kuniyoshi et al., 2021; National Research Council, Division on Earth and Life Sciences, et al., 

2012) or in fulfillment of curricular requirements as seen within the institution in this study 

(Department of Chemistry at Michigan State University, 2023). Unfortunately, the GTA role and 

its contribution to graduate education have not always been viewed favorably,  

 [. . .] only rarely have [GTAs] been considered actual partners in instruction or 

has attention been paid to the impact that teaching experiences may have on 

their professional development. Seldom has TAing been actively seen as 

integral part of chemistry graduate education, and often it seems to be reduced 

to a necessary evil to secure graduate researchers financial support (Sandi-

Urena & Gatlin, 2013).  

Other contributors to negative perceptions of the GTA role held by faculty and graduate 

students have been documented in the literature. They include uncertainty regarding whether 

GTAs should be primarily considered students or employees (Duffy & Cooper, 2020), a lack of 

GTA autonomy in decisions regarding teaching practices (Che et al., 2023), an absence of 

professional development opportunities to enhance teaching skills (Denise Kendall & Schussler, 

2012), and concerns that GTAs are not providing adequate instruction to undergraduate students 

(Bruck et al., 2010).  

There is, however, some evidence that serving as a GTA contributes positively to graduate 

students’ development as scientists and as a result supports their research. Feldon et al. analyzed 

written research proposals from 95 graduate students. They found that students who had held 

both research and teaching assistantships demonstrated stronger research skills, particularly in 

generating testable hypotheses and designing experiments, than those who had only served as 

research assistants (Feldon et al., 2011). This study suggests that teaching and research should 

not be viewed as separate unrelated entities in graduate education and that teaching experiences 
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should not be overlooked in preparing students for the workforce. Teaching can also help 

graduate students build a deeper understanding of content and refine their skills in explaining 

technical topics to nonexperts which is valuable for careers in industry (National Research 

Council, Division on Earth and Life Sciences, et al., 2012).  

Professional development can support a graduate student’s teaching experience. Several 

studies have investigated the relationship between GTA training and self-reported development 

of teaching or professional skills in the chemical sciences. Purdue University’s Department of 

Chemistry required new teaching assistants to participate in an eight-week teaching seminar that 

covered topics such as how students learn and active learning and incorporated peer observations 

between pairings of experienced and novice GTAs accompanied by feedback and reflection 

(Lang et al., 2020). Participants reported finding the seminar as beneficial to their growth as 

instructors, and experienced GTAs reported development of mentorship and teaching skills. In 

the Chemistry Instructional Coaching program at University of Michigan, GTAs created and 

implemented lesson plans under the guidance of an experienced GTA mentor and reflected on 

their teaching practices (Fantone et al., 2023). Mentees reported gains in teaching skills, while 

mentors reported developing mentoring, teaching, problem-solving, and collaboration skills.  

These professional development efforts focused primarily on activities directly related to 

supporting graduate students in their instructional role rather than intentionally trying to leverage 

these experiences to develop professional skills that are broadly applicable to the range of careers 

pursued by chemistry PhDs. Wheeler et al. explored GTA motivations for teaching through an 

expectancy value framework (Wheeler et al., 2019). They found that no participants reported the 

subjective value of utility, defined as having perceived value to future pursuits such as a 

participant’s career goal, in their motivations for teaching, even for those intending to pursue a 

career in academia. These studies indicate that there may be a disconnect between the activities 

GTAs perform and their perception of future value. 

Project-based learning (PjBL) has been reported to aid students in developing valuable 

skills that are highly desirable in the 21st-century job market such as communication, teamwork, 

problem-solving, and critical thinking (Cooper & Kerns, 2006; Jollands et al., 2012; Wurdinger, 

2016). This type of learning environment employs a student-centered curriculum where students 

plan experiments centered on a real-world problems, collect and analyze data, and report results, 

with instructors serving as guides (Krajcik & Shin, 2014). While 21st-century skill development 
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in project-based learning is generally reported as a learning outcome for students (Bell, 2010; 

Bender, 2012; Jollands et al., 2012; Wurdinger, 2016), this qualitative phenomenological study 

investigated graduate student perceptions of development of valuable career competencies while 

serving as a GTA. During interviews, GTAs were also asked to discuss the skills that they 

thought their students were building to examine alignment between their perceptions and those 

of students (Chapter IV), because if development of specific 21st-century skills is a desired 

learning outcome, understanding these two perspectives is important to achieving these outcomes 

(National Academies of Sciences Engineering and Medicine, Division of Behavioral and Social 

Sciences and Education, et al., 2018). 

Research Questions 

This study aimed to address the following research questions in the context of project-based 

general chemistry laboratory courses:  

1. (RQ1): What career-relevant skills do graduate teaching assistants (GTAs) believe they 

are developing in these courses? 

2. (RQ2): How do graduate students perceive they are developing skills needed for their 

career as a teaching assistant?  

3. (RQ3): What skills do graduate teaching assistants (GTAs) believe their students are 

developing?  

4. (RQ4) How do graduate teaching assistants (GTAs) and student perceptions of student 

skill development align?  

Theoretical Framework  

This study is guided by the theoretical framework of social constructivism. Attributed primarily 

to Lev Vygotsky, and later Jerome Bruner, social constructivism posits that knowledge is 

constructed and influenced through active engagement with one’s social environment (Murphy, 

1997; Rannikmäe et al., 2020; Vasileva & Balyasnikova, 2019; Vygotsky, 1978). This theory of 

knowledge development has been recognized as important in the working world (Kraiger, 2008), 

where this framework has been used in development and assessment of employee training 

programs (Cooper et al., 2006). Further, social engagements through collaboration can facilitate 

the learning and transfer of key 21st-century skills (Jackson, 2016). Social constructivism was 

adopted as the theoretical framework for the current study because collaborative interactions 

within student teams and between student teams and GTAs are central to the learning 
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environment in the project-based general chemistry labs where this research was conducted 

(Carmel et al., 2017).  

Methods 

Methodological Framework 

Data collection and analysis focused on use of qualitative methods, through conducting 

interviews and engaging in thematic analysis (Creswell, 2013). Qualitative analysis was rooted in 

a transcendental phenomenological methodological approach, which aims to investigate a 

phenomenon (e.g., career preparation and skill development as an instructor for the general 

chemistry laboratory courses) through showcasing participant experiences surrounding the 

“what” and “how” (e.g., what skills were developed and how participants experienced 

development)(Creswell, 2013). Researchers identified personal experiences or biases in relation 

to the phenomenon under study in order to set them aside to observe the data with an unburdened 

or new perspective (Moustakas, 1994). This act of acknowledging one’s place within the study is 

known as epoché and is addressed in the researcher bias statement below.  

Researcher Bias Statement 

To provide transparency, it is imperative to acknowledge each author’s experiences in the 

project-based general chemistry laboratory courses investigated. The lead researcher who led 

data collection and analysis, BE, served as a GTA for four semesters directly facilitating the 

work of student teams. For one semester, BE was appointed as a senior GTA responsible for 

supervising undergraduate learning assistants (ULAs) and assisting course coordinators with TA 

training. These experiences led to BE to develop their own perception of what it means to be a 

GTA for these courses.  

To address the influence of potential bias in the results of this study, multiple measures 

were taken. The first was the inclusion of multiple coders and researchers to ensure reliability. 

Author LAP (Lynmarie A. Posey) was not directly involved with these courses and aided in 

analysis and interpretation of results. While author PP-L (Priya Patterson-Lee) was enrolled in 

these courses as an undergraduate student and acted as the second coder, any potential biases 

were addressed during consistently scheduled meetings to make sure the meanings prescribed by 

participants were independent from the author’s own experiences. Because BE held a senior 

GTA position during the semester in which most interviews were conducted, interviews began 

with guaranteeing participant anonymity and explicitly stating that participation would have no 
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impact on their GTA appointment to create a safe environment in which GTA’s could share their 

unfiltered thoughts.  

Course Contexts & TA Training 

The general chemistry laboratory courses from which GTAs were sampled for this study follows 

a cooperative project-based learning pedagogy (Carmel et al., 2017; Cooper, 2012). Teams of 3 

to 4 students work together for the entire semester on multi-week projects. Each project starts 

with a scenario outlining a real-world problem (e.g., determining the best method for dissolution 

of kidney stones) and tasks teams with finding a solution to that problem guided by scaffolded 

planning questions. They are encouraged to ask questions of their GTA or neighboring teams if 

they need help. Teams then carry out their planned procedures, collect and analyze data, and then 

present their methods and make claims supported by experimental evidence and reasoning in a 

written report, poster, or oral presentation.  This format requires GTAs to facilitate student 

learning by answering questions with guiding questions rather than providing direct instruction. 

GTAs must be prepared to help students navigate the project-based learning environment and 

assist students in working through team dynamics.  

Prior to starting their GTA responsibilities, all new graduate students were required to 

attend a university-sponsored one- to two-day professional development workshop covering the 

role of GTAs in undergraduate student success, pedagogical practices, and general codes of 

conduct and ethics in the classroom (The Graduate School at Michigan State University, 2024). 

The chemistry department conducted a week-long orientation with approximately six hours 

dedicated to general GTA training (Duffy & Cooper, 2020). This training covered general 

teaching responsibilities, preparation for the first day of teaching, classroom management, how 

people learn, and best pedagogical practices.  

At the beginning of each semester, GTAs for the general chemistry laboratory 1 (GCL1) 

and 2 (GCL2) courses participated in two days of course-specific training focused on their 

responsibilities as an instructor, the course structure, and the goals of project-based learning. 

During weekly meetings, GTAs worked in groups to plan and carry out project experiments for 

the upcoming week, practiced grading student work, and discussed any challenges from the 

previous week and/or those anticipated for the upcoming week class. When courses were taught 

online during the COVID pandemic (second half of Spring 2020, Fall 2020, and Spring 2021), 

weekly training familiarized GTAs with online resources developed to preserve the key elements 
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of the project-based curriculum. While students could not conduct experiments, they were still 

able to plan investigations. Videos were provided to permit students to make observations, while 

apps allowed students to simulate measurement data using input parameters from their 

experimental plans. Prior to Fall 2021, GTAs were individually responsible for overseeing three 

sections of 20-24 students. Subsequently, two GTAs were assigned to collaboratively facilitate 

the work in three sections of 40 students. Many GTAs sampled in this study either 

collaboratively worked with a co-GTA (n = 8) or were independently in charge of their own 

sections (n = 7) at least once.  

Data Collection 

This research was conducted following Institutional Review Board (IRB) review and approval. 

Gift cards, in the amount of $20, were offered as an incentive to participate. All participants were 

notified of their rights as a participant and were given a brief outline of the study. Signed consent 

was obtained prior to conducting interviews. 

Invitations to participate in interviews were initially extended by email to n = 22 graduate 

students who had taught the general chemistry laboratory courses (either GCL1/GCL2, or a mix 

of both) for more than two semesters and taught in person at least once during the preceding 5-

year period. Unfortunately, this strategy for recruitment was met with a low response rate of only 

14% (n = 3), resulting in a more purposeful selection of participants by reaching out to one 

individual directly.   

After the initial group of four interviews were conducted, n = 31 GTAs who were 

currently appointed to GCL1 or GCL2, after in-person laboratories resumed, were informed of 

the opportunity to participate in interviews during a weekly GTA meeting. This was followed by 

an email asking those who wanted to volunteer to complete an online survey indicating their 

availability. The response rate from this second round of recruitment was 26% (n = 8). A total of 

n = 12 GTAs were interviewed via Zoom in the initial and second phase of data collection.  

Interview Protocol 

Interviews followed a semi-structured format, in which the interviewer followed a set of 

predetermined questions (APPENDIX A.VII.1) but asked follow-up questions to clarify 

participant responses (Herrington & Daubenmire, 2014). Questions explored two areas: a) GTA 

perceptions of career-relevant skills developed by undergraduate students in the general 

chemistry laboratory courses, and b) GTA perceptions of skills they developed as an instructor in 
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the general chemistry laboratory courses that would be beneficial for their career. To guide 

discussion and further questioning, participants were provided with a link to a shared google doc, 

where they could enter answers when asked about skills developed by students or themselves in 

GCL1 or GCL2 (e.g., What skills do you believe students are developing in the general chemistry 

laboratory course that will be beneficial towards success in the workforce? or Focusing on your 

own experience as a general chemistry laboratory TA, what skills did you develop while being a 

TA for CEM [161/162]?). This approach was implemented during the first set of interviews, and 

as a result, 3 participants did not enter responses in the Google documents. During 3 interviews, 

a visual aid containing a list of six previously defined employer-desired competencies 

(EDCs)(A.VII.1) was shared to facilitate further questioning. Participants were also asked to 

share their thoughts on how GTA training could better foster career preparation or skill 

development.  

Qualitative Analysis of Interviews 

Audio recordings, from interviews conducted on Zoom, were transcribed verbatim using 

OTTER.ai. All transcripts and documentation were deidentified with non-binary aliases prior to 

engaging in data analysis. Interviews were analyzed using inductive thematic analysis, where 

codes were generated based on emergent themes within participant responses (Nowell et al., 

2017). First, segments of interest were identified based on the research questions driving this 

study, and initial codes were generated that aimed to capture the essence of the participant’s 

experience. After identifying initial codes, similar codes were merged to create broader 

categories (e.g., instances related to working and coordinating with a co-GTA were condensed 

into the broader category of Collaborating with Co-GTAs), resulting in the first coding scheme. 

Using selected segments of interview transcripts, this coding scheme was applied by two 

independent coders and compared to determine inter-rater reliability (IRR). Iterative revisions of 

the coding scheme continued until Brennan Prediger’s Kappa (𝜅BP) values of 0.80 or greater 

were achieved, values recognized as good to near perfect agreement in the literature ((Landis & 

Koch, 1977; Mabmud, 2012; Sim & Wright, 2005). Once adequate IRR was reached, an 

independent coder coded all remaining transcripts. Coding was carried out using MAXQDA 

(VERBI Software, 2021).  Quotes are used as evidentiary support of themes and those included 

in the results were cleaned to remove filler words (e.g., um, uh, like) for clarity. 
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Findings 

To begin, demographic variables for interview participants will be presented to characterize the 

sample. Next, we will examine GTA perceptions of the skills they developed as instructors that 

will be beneficial for their career goals and how serving as a GTA for GCL1 or GCL2 supported 

development of these skills. Development within the context of this study refers to participant 

experiences where they associated learning and/or applying a skill with specific tasks performed 

as a GTA. Finally, GTA and student perceptions of the career-related skills developed by 

students in these courses will be compared qualitatively to examine the alignment between 

instructor and student beliefs. Since the project-based GCL1 and GCL2 employ the same 

pedagogical practices and the sample is small (n = 12), data are not disaggregated by course. 

Qualitative results presented herein are representative of a theme appearing at least once within a 

participant’s transcript. 

Participant Characteristics & Career Aspirations 

The sample contained a diverse representation of career goals, in which 33% (n = 4) desired 

careers in academia, 25% (n = 3) in industry, and 42% (n = 5) who were undecided in their post-

graduation career path. Most participants, 75% (n = 9), were active GCL1 or GCL2 GTAs when 

the interviews were conducted, while the remaining GTAs had served as an instructor for these 

courses in prior semesters. Experience as a GTA in the general chemistry laboratory courses 

ranged from 1 – 6 semesters with an average of approximately 2 semesters.  

Participants also had a variety of prior teaching experiences before their graduate studies 

at the institution investigated in this study. Four participants served as a either a tutor, teaching 

assistant, or laboratory assistant while undergraduates. Four others had experience as K-12 

teachers or as an instructor in non-academic tutorial centers after obtaining their undergraduate 

degree. Time spent in these positions ranged from 0.5 - 4 years, with an average of 

approximately 2 years. While graduate students at this institution, eight participants were GTAs 

in courses besides GCL1 and GCL2 for 1 – 6 semesters.  

Career Preparation & Skill Development 

GTA participants reported that they developed a variety of skills as an instructor for the general 

chemistry laboratory courses that would be beneficial to their future careers. These skills were 

grouped into seven broader skill sets that included interpersonal (e.g., communication, 

leadership), intrapersonal (e.g., patience, positive attitude), teaching skills & techniques (e.g., 
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grading skills), time management (e.g., punctuality), critical thinking, technical (e.g., laboratory 

skills & techniques), and other (e.g., decision making) skills. Details on the consolidation of 

subskills into the broader skill set categories can be found in Appendix (A.VII.2). One 

participant did not provide information regarding specific skills that were developed as a GTA 

for these courses but provided insight into other areas explored in this chapter.  

Figure 7.1 displays the prevalence of the seven identified skill sets in which it can be 

observed that subskills comprising the interpersonal skill set were identified most frequently, 

with nearly all participants (n = 11, 92%) recognizing these as valuable skills that were gained as 

an instructor for the project-based general chemistry laboratory courses. Unpacking of 

interpersonal skills, revealed that participants believed they were developing communication, 

leadership, teamwork, and social & people skills specifically. Communication (n = 9, 82%) and 

leadership (n = 5, 45%) emerged as the most frequently mentioned subskills within this skill set. 

Communication and leadership were also mentioned by at least one participant from each career 

area (academia, industry, undecided). Interestingly, the other interpersonal skills of teamwork 

and social & people skills were only identified by participants who planned to go into industry. 

Our investigation of how GTAs think they have developed career-relevant skills as an instructor 

will focus on these two subskills. Additional details on the perceived relationships between skill 

development and course elements can be found in Appendix (A.VII.3). Instances of 

development for skills not explored below, accompanied by areas in which GTAs desired further 

development of career-relevant skills, can be found in Appendix.  
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Figure 7.1. Skill sets graduate TAs believed they were building as an instructor for the general 

chemistry laboratory courses (n = 12).  

Two major themes emerged in relating GTA experiences to development of 

communication and leadership skills – 1) learning to convey information to students resulted in 

growth of communication skills (n = 8) and 2) teaching in a collaborative environment where 

GTAs are responsible for guiding and supervising students led to perceived development of both 

communication (n = 7) and leadership skills (n = 5). How these experiences contributed to skill 

development are explored below through the voices of GTAs.  

Theme 1: Conveying information to others led to 

 development of communication skills. 

When GTAs discussed development of communication skills, they predominantly focused on 

aspects of verbal communication, including adapting communication based on the audience, 

presentation and public speaking skills, and answering questions. GTAs reflected on how they 

had to recognize that students enter the course with different knowledge and skills that required 

revising explanations to meet student needs.  
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[. . .] this lab is built, is made up of students from different areas and so they all 

think differently, they all come from different, other courses that expect things 

differently [. . .] I have to kind of convey this to each and every student in a 

different way. [. . .] I just have to take the time and that patience and be like 

“Hmmm, how would you understand this?” (Hickory, Communication Skills) 

[. . .] teaching [GCL1] [. . .] I was able to notice the difference among the 

students. Like, one, there are some students that they [. . .] already know stuff, 

right? And then there, there's some students that [don’t] know in a group [. . .] 

So, for some students, I had to sometimes go over things repeatedly to make 

them understand [. . .] And then I had to [. . .] balance the group. (Kola, 

Communication Skills) 

A different perspective was offered by Pistachio, who spoke of being aware of how they 

communicated with students from a management perspective and learning how to converse 

across various levels of a hierarchical work structure. 

[. . .] I have to learn how to communicate more professionally with [students], 

‘cause they’re not my friends, they’re my students. [. . .] if I join a workplace, I 

think it’ll be a good skill to know, you know people that are equivalent to me, I 

know how to talk to them versus people I might be managing [. . .]. (Pistachio, 

Communication Skills)  

For Almond, the project-based learning environment, where students planned 

experiments, was perceived to contribute to communication skill development because it 

facilitated interactive conversations, which allowed them to build relationships. Through this 

they learned how to engage with a variety of students, an experience that they believed would be 

beneficial for their planned career in academia. These engaging experiences were contrasted to 

large-enrollment lecture courses where one-on-one interactions with students were more limited.  

[. . .] communication with various types of students, would, I’d say be the 

biggest thing I got from, out of that experience. I had a wide range of students 

with different skill sets, different personalities, and so you can’t treat them all 
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with just, the same way. They don’t all respond to the same sort of teaching 

styles. So, I think this is even more so with lab, than the lecture TAing, where 

you get to know your students over the course of the semester. [. . .] in the 

lecture TA, there's so many students you have to look over and you only see 

them once a week in terms of recitation, most of the time, you're just in a big 

lecture hall. [. . .] Whereas with the lab, you actually have to sit down with the 

students and work them through trying to improve their experiments. (Almond, 

Communication Skills)  

One of the tactics Almond employed to facilitate communication skills and get 

accustomed to the variety of students they instructed was “answering questions with questions.” 

This approach was used during the planning of experiments to get students thinking of 

alternative possibilities and to guide them away from possibly deleterious methods.  

[. . .] a tactic that I often relied on a lot was asking what I called DM questions, 

which comes from Dungeon Master, […] how they answer questions is often 

with another question 'cause you don't want to give your players too much 

information. (Almond, Communication Skills) 

Not providing direct answers but instead guiding students to solutions has been met with 

a more favorable perception of GTAs and their role in student learning experiences, as reported 

in the literature (Cooper & Kerns, 2006). Pistachio discussed learning how to answer student 

questions by asking further questions to gain a better understanding of what a student meant or to 

prompt student thinking. Pistachio also felt they became better at providing explanations to 

student questions and recognized the importance of reaching a mutual understanding.  

[. . .] when they ask me a question I try to lead them to what the answer is. Or 

asking them a question back to understand what they're trying to ask me. And 

then learning to answer questions in a way that actually explains [. . .] the 

answer to them [. . .] 'cause [. . .] you might answer a question and then they 

have no idea what you're talking about. So, trying to answer questions in a way 

that the person asking can actually understand you too. [. . .] and I really do 
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enjoy asking them another question, so, they're like, "Um, okay." You know, 

making them think about it. (Pistachio, Communication Skills) 

Each lab session started with a short (~5 min.) presentation during which GTAs 

highlighted anything that students should be aware of as they performed their planned 

experiments, reviewed pertinent safety practices, and reminded students of upcoming 

assignments. Pine believed that being given the chance to present in the course not only built 

communication skills but also built a sense of connection between them and their students when 

contrasted to a more passive teaching assistant position.  

I prefer being the one to present because a lot of times when another person 

was presenting when the professor of record was presenting, the students 

would instead bypass me and go to the professor's office and ask them 

questions. [. . .] so with the way it's currently laid out, it means that students 

are much more responding to me, they actually see me as someone who's there 

to help them instead of seeing me as the person that is just there to make sure 

they're wearing their goggles. (Pine, Communication Skills) 

Although Chestnut felt that experiences prior to instructing the general chemistry 

laboratory course helped contribute to their overall development of public speaking skills, they 

felt that their experiences as an instructor for the general chemistry laboratory courses helped 

them continue to build confidence in these skills, that could further apply to their graduate career 

(e.g., ability to present at conferences). 

So, even at this stage, I have actually developed my public speaking skills in 

the sense that when I talk to the students, sometimes I kind of find myself 

building more confidence and then such that even if I go for conferences that 

are for grad students, I wouldn't find it difficult, because I can actually see 

everybody present in that conference as my students, which I'm supervising. 

So I talk to them basically like my students, and then I feel so free. So through 

that I'm developing my public speaking skills. (Chestnut, Communication 

Skills) 
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Kola expanded upon learning to not depend on the PowerPoint slides provided but 

instead rely on prior experiences teaching the course to supplement additional information and 

provide further explanation.  

[. . .] before [. . .] when I [did] the presentation it was, basically I used to read a 

line, or I would say something, just one sentence more about that statement or 

that [bullet point] in the presentation. But now, it's changed [. . .]. With the 

[bullet point] I can explain more in a way that from my past experience we can 

say "Okay, so these are the [experiences], I had problems previously. So, we 

can improve it." [. . .] I can just give you an example. So, we always have 

some kind of safety requirements at every experiment right? At first, I didn't 

know that why that experiment, that safety is required. So, I just read out. But, 

throughout the experiment, I can understand why it’s stated, even the goggles 

or anything, why it's needed. (Kola, Communication Skills) 

Becoming better at conveying information to students was also seen within Hazelnut’s 

experience developing communication skills, where they found that having to teach multiple 

sections aided them in generating clearer explanations when interacting with students.  

So, I taught [the] same class three times in a week. So [. . .] my last section is 

better than others, because my explanation is better than the first time. So, like 

they can have a chance to [think] about it or hear about my explanation more in 

detail, more like clearly. [. . .] Or so I kind of expect what they are [struggling] 

with [. . .] every time, so I [am] kind of prepared [with] that answer before I go 

to lab. So, like that process helps to improve my skill. (Hazelnut, 

Communication Skills) 

Further, Pecan believed that developing communication skills as an instructor for the 

course would help them in the future when presenting or working in a team environment.  

Well, I think teaching the course helped my communication skills. I'll have to 

do certain presentations and proposals probably for funding, or to 

communicate scientific results for my experiments or for my group. So, I 
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expect that my ability to communicate [. . .] would be helpful for me in the 

future in my career. Typically, we work in teams in science, you have your 

research group. So, communication would help you better with your team. 

(Pecan, Communication Skills) 

Having readily available resources provided by course coordinators seemed to aid 

communication skill development for one participant. When asked how GTA training could 

better prepare Hickory for career preparation and personal growth, they believed that the training 

provided was sufficient and instead elaborated on how the resources provided on the course 

instructor site helped them learn how to communicate with students by saying: 

 I don’t even have any true critiques [. . .] because every time I look in D2L, I 

find my answer. Even down to how to properly communicate with students. 

They offer multiple times, “Well, if you don’t know what to say, you know, 

message us and we’ll help you out. We’ll give you these things, these referrals. 

(Hickory, Communication Skills) 

Theme 2: Guiding & supervising students led to development of communication and leadership 

skills. 

In the project-based general chemistry laboratory courses, GTAs are responsible for guiding and 

supervising the work of student teams, which participants associated with developing both 

communication and leadership skills. Many of the experiences described in the quotes found in 

the previous section on Theme 1 contained elements of guiding students. Participants discussed 

guiding students to improve upon their experimental procedures (Almond), helping students 

work through problems (Hazelnut),  overseeing laboratory safety (Kola), asking questions as a 

method of advising students (Pistachio), and Pine recounting being the primary presenter as 

helping them to feel in a place of being there to help students instead of being a passive observer 

as they had experienced when being a teaching assistant for a course with an instructor of record 

(Pine). Additional experiences included Palm checking in on different teams and providing 

instruction when needed as leading to development of communication skills - a sentiment 

reflected in Kola’s accounts of communication skill development as well.  
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Communication skills, it's important here [. . .] And even we go to the team, 

each of the [teams], and then, some of the stuff we need to teach them, so in a 

way that improves the communication. [. . .] it's more like "Okay," you know, 

asking questions like, "Okay, what should you be doing?","How do you feel 

about this?" (Palm, Communication Skills)  

To adequately supervise students, Pistachio noted the importance of communication with 

their co-GTA to ensure that they had a coordinated message when working with students to 

avoid confusion.  

[. . .] especially with co-TAs, we kind of have to be on the same page when we 

get into lab so that our students aren't confused (Pistachio, Communication 

Skills) 

Specific leadership skills developed through guiding and supervising students included 

mentoring, management, and coordination skills. Almond and Chestnut explicitly mentioned 

mentoring students as they navigated the project-based laboratory environment. Almond related 

their experiences directly to being a professor responsible for managing a research group.   

[. . .] it's sort of like a trial run of being a PI, to an extent, where you're 

overlooking many groups, experiments, and it's your job as a professor to sort 

of nudge them in the right direction to what will work. And so that sort of is 

like training of just like running your own group of just saying, like, how to 

deal with students, and how to help them design their experiments to be more 

successful. So, I think that's another useful skill to get out of it. (Almond, 

Leadership Skills)  

Chestnut saw themselves as a direct supervisor situated between students and the 

laboratory coordinator. They answered questions, managed conflict, and even provided advice 

concerning matters outside the laboratory course (e.g., helping students find undergraduate 

research experiences). Like Almond, Chestnut believed these experiences were valuable to future 

careers as an academic professor overseeing grad students, but Chestnut also expanded on how 

development of these skills would have relevance when managing others in industry.  
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[. . .] developing [mentoring skills] through my interaction with the students I 

am supervising, because I always see myself as someone [closer] to the student 

than the lab coordinator [themselves]. So, if the students have a first question, 

have a question whatsoever, the first person they reach out to is me. [. . .] if I 

figured I have a group, that the team members or there is one or two team 

members, that is not really happy with the group or not, just cooperating with a 

group [. . .] I see myself as a mentor in the sense that I walk up to the student 

that is having issues with the group, talk to the student, and then maybe if I 

have to pull the student out of the group, and talk to him aside, and then bring 

him back, him or her back into the group or address the group generally. [. . .] 

Recently [another] student just walk up to me and say, he's just so confused 

right now about from getting a research group to join in preparation for pre-

med. So, I have to also be able to stand in that place and be able to advise him 

[. . .] looking ahead [. . .] if I end up in academia being a lecturer at several 

points in time, I'm going to be having students, which I'm going to be a PI, too. 

And then being a PI to some students means that I should definitely be able to 

listen to their needs, give them advice, talk to them on what they should do. So, 

and then even in industry, when placed as [a] head, over a group of people, I 

have to be able to guide them in fulfilling the task or achieving the project 

goals that we have at hand. (Chestnut, Leadership Skills)  

Meanwhile, Pistachio felt that remaining observant to ensure student safety and making 

sure students were staying on task contributed to development of the leadership skill of 

management.  

I feel like, kind of a manager sometimes. I have to be watching 20 to 40 people 

to make sure they're not spilling anything or breaking anything/hurting 

themselves. So, you have to be attentive the whole lab session, make sure 

everyone's wearing goggles. So, I think it's really good for gaining 

management skills, because we have to be paying attention all the time and 

making sure that we're answering questions and helping people throughout the 

whole session. (Pistachio, Leadership Skills) 
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Kola provided a rich account of developing leadership skills and the associated subskill 

of coordination. By ensuring each team was progressing through the lab, managing their time 

wisely during experimentation, and being motivated as an instructor to help teams work better 

and more efficiently, these skills were developed.  

So, we have to make sure everyone is [. . .] on the same page or everyone is 

doing the same thing [. . .]. As a TA, I should come and tell them how [. . .] 

how working as a team can be helpful for you [. . .] so that they can work much 

more efficiently. [. . .]. Time management is really important [. . .] we have to 

tell them to how they can manage it. (Kola, Leadership Skills) 

While not all participants explicitly associated their role with mentorship when 

discussing communication and leadership skill development, each of the excerpts explored above 

contained elements of guiding undergraduate students. Other studies have found that GTAs in 

inquiry-based laboratory courses view themselves as mentors and facilitators (Sandi-Urena, 

Cooper, Gatlin, et al., 2011; Sandi-Urena & Gatlin, 2013). The report from an NRC workshop on 

chemistry graduate education notes that newly appointed faculty members desired greater 

exposure to mentoring of undergraduates during their graduate career (National Research 

Council, Division on Earth and Life Sciences, et al., 2012). The structure of the project-based 

laboratory courses such as those in this study, which situates GTAs in the role of mentor, may be 

beneficial towards preparing graduate students for future careers in academia.  

GTA & Student Perceptions of Skills Developed by Students 

During interviews, GTAs were also asked to discuss what career skills, if any, were developed 

by undergraduate students in their general chemistry laboratory sections. Participant responses 

were characterized using the coding scheme found in Appendix (A.VII.5), which consists of 

skill and associated subskill categories. This coding scheme was adapted from a related study 

that investigated student perceptions of career-relevant skills developed in the GCL1 and GCL2 

courses (Chapter IV and accompanying Appendix A.IV.11). 
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Figure 7.2. Skills that GTA participants reported were developed by undergraduate students in 

the project-based general chemistry laboratory courses. 

Figure 7.2 shows the skills that 2 or more GTA participants, in the current study, 

reported as being developed by students in the project-based general chemistry laboratory 

courses. GTA participants most frequently reported that their students built teamwork (n = 9, 

75%), problem-solving & critical thinking (n = 8, 67%), technical (n = 7, 58%), and 

communication (n = 7, 58%) skills. The frequency of occurrence for all the skills mentioned by 

GTA participants are provided in Appendix A.VII.6. These skills overlap with those identified 

by a majority of undergraduate interview participants as both relevant to their future career goals 

and from their perspective developed in the general chemistry laboratory courses in a separate 

study (Chapter IV). Table 7.1 summarizes the number of undergraduate interview participants 

who discussed a particular skill as relevant to their planned career and among those participants 

the number who also explained how they thought they had gained this skill in the general 

chemistry laboratory courses. From this table (Table 7.1) we can see that undergraduate 

interview participants primarily identified problem-solving & critical thinking, communication, 
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teamwork, and prioritization & time management as being developed, with work ethic and 

technical skills being mentioned to a lesser extent.  

Table 7.1. Skills undergraduate interview participants identified as valuable towards future 

career goal and developed within the general chemistry laboratory courses. 

Skill Participants, n 

Valuable for Career, n 

(%) 

Valued & Developed in 

General Chemistry Lab, 

n (%) 

Communication Skills 53 44 (81) 36 (82) 

Teamwork Skills 53 46 (87) 37 (80) 

Work Ethic 53 46 (87) 19 (41) 

Problem-solving & Critical 

Thinking 

53 48 (91) 40 (83) 

Prioritization & Time 

Management 

53 42 (79) 26 (62) 

Technical Skills 53 36 (68) 13 (36) 

The majority of undergraduate students and GTAs interviewed perceived that the project-

based general chemistry laboratory courses supported students in development of problem-

solving & critical thinking, teamwork, and communication skills. However, students and GTA 

instructors had different perspectives regarding prioritization & time management and technical 

skills. A greater percentage of undergraduate student participants pointed to building 

prioritization & time management skills than their GTAs. While time management is an 

inescapable aspect of navigating college for many students, the project-based structure of the 

general chemistry laboratory courses requires students to attend to management of time and 

prioritization of tasks. Tasks must be divided among team members and individuals must 

organize their work both during and outside of lab in order to complete projects within the 

allotted time.  

Conversely, GTAs were more likely to report development of technical skills as a 

learning outcome in these courses. Differences between the interview protocols for GTAs and 

students may have been a contributing factor. GTAs were first asked about the career-relevant 

skills they had developed as instructors; questioning the skills that they thought their students 

had developed followed. Building laboratory skills and gaining experience with techniques are 

often the primary learning goals and outcomes in traditional laboratory instruction from both 

student and instructor perspectives (Bretz et al., 2013; Bruck et al., 2010b). Consequently, some 

GTAs may be predisposed to believing that building technical skills is the primary purpose of 

laboratory courses based on their prior experiences. In contrast, undergraduate interview 
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participants were first asked to identify the skills needed for their future career and subsequently 

relate development of these skills to the general chemistry laboratory courses. Asking the 

undergraduate students to discuss how they may have developed career-related skills after they 

were asked about the skills required for specific career paths may have influenced their 

responses. For example, they may not have viewed technical skills used in the general chemistry 

laboratory as relevant to their planned career.  

The GTAs may also be more aware of the technical skills that their students are gaining 

because they have the perspective of knowing how these skills can be applied in subsequent 

courses and STEM-based careers. For example, Pine related technical skill development to 

research, “[. . .] They had to figure out how to use a calorimeter and understand what a 

calorimeter is, and those are extremely important in a lot of physical chemistry research [. . .].” 

However, other GTAs recognized that most of their students will not pursue careers in chemistry, 

although some of these technical skills may be applicable in other areas. Acorn saw the benefits 

of learning microscale techniques to a variety of careers   

[. . .] even if they end up being some medical expert, or whether they end up in 

some laboratory or stuff, whatever they do, like, if they learn these techniques, 

in whatever they do, they can start with like a [small] amount of the chemicals 

and stuff they are using, and then go on for the more amounts so that if the 

experiment is a failure, they do not end up wasting the resources. (Acorn, 

Technical Skills)  

Almond wanted students to learn more about how the instrumentation used in the labs 

worked but at the same time acknowledged that most students will not pursue careers in 

chemistry. 

So, I mean, this is specifically in reference to [. . .] the Gatorade dye lab, but 

also the plastic lab works similarly. We don't teach them how an IR 

spectrometer works. Which I'm a little disappointed about, but also, a lot of 

these students aren't going to be chemists, a lot of them are from majors across 

various aspects of science, so it's not important for like a kinesiologist to 
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understand how IR spectroscopy works, I suppose. (Almond, Technical 

Skills)   

Additionally, many undergraduate participants may not have made a connection between 

the general chemistry laboratory courses and technical skill development because technical skills 

are not a primary focus in the project-based curriculum. Furthermore, over half of the 

undergraduate participants (n = 30, 57%) took the courses entirely online during the COVID-19 

pandemic. A subsample of these participants (n = 9) recognized technical skills as relevant to 

their planned career but also noted that the online learning environment hampered technical skill 

development.  

Although there were some differences between GTA and undergraduate student perceptions of 

the career-related skills developed by students in the project-based general chemistry laboratory 

courses, there is notable alignment in the perceptions of the two groups. Among the interview 

participants, over half the GTAs and over 80% of the undergraduate students believed that 

students were gaining the following skills highly valued by employers: communication, 

teamwork, and problem-solving & critical thinking.  

Implications  

While this study focused on one component of graduate education in chemistry at one institution, 

a review of the literature and findings herein support the following recommendations.  

Although teaching assistantships provide financial support in the form of a stipend and tuition, 

they have not always been met favorably (Sandi-Urena & Gatlin, 2013).  Framing teaching as a 

professional development activity that helps graduate students build skills needed for workplace 

success may alter perceptions and support more valuable and fulfilling teaching experiences. 

This is especially pertinent, seeing as motivations for learning can be influenced by the value one 

ascribes to an activity or task (National Academies of Sciences Engineering and Medicine, 

Division of Behavioral and Social Sciences and Education, et al., 2018).  

With many graduate students pursuing industry careers (ACS Presidential Commission, 

2012; Julie Gould, 2019) practices and skills associated with teaching may not seem relevant. 

This sentiment is reflected in Pistachio’s comment, “[. . .] I know that [. . .] a few TAs, like, 

aren't in grad school to become a professor, right? So, um, I think that [. . .] not saying, like, 

‘Oh, we need to work on your teaching skills’ because I think that a lot of us, like, you know, we, 

we kind of know how to talk to students [. . .]” Graduate students place value on experiences 
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related to their future career goal (Busby & Harshman, 2021). Consequently, drawing attention 

to skills that can be developed through teaching assignments and are also applicable beyond 

teaching could result in greater value placed on teaching assignments.  

Strong arguments have been advanced for the need to reform graduate education to better 

prepare students for the diversity of career paths pursued STEM graduate degree holders 

(National Academies of Sciences Engineering and Medicine, Committee on Revitalizing 

Graduate STEM Education for the 21st Century, et al., 2018). The graduate teaching experience, 

particularly in laboratory courses, can be intentionally leveraged to promote professional skill 

development. This study has shown that project-based laboratory courses where GTAs 

participate with their students in doing science as mentors can create an environment conducive 

to building valuable workplace skills offers. However, additional support may be required to 

derive maximum benefit from such experiences because there can be a mismatch between what 

GTAs are expected to do in inquiry-based laboratory courses and their perceptions about the 

actions of a “good” GTA (Duffy & Cooper, 2020). For example, integrating a seminar series into 

a graduate program that addresses student learning, evidence-based teaching practices, and 

professional practices can complement and reinforce course-specific training (Lang et al., 2020; 

Nicklow et al., 2007). Providing opportunities for novice GTAs to both observe and be observed 

by experienced GTAs and incorporating reflection can further support the professional growth of 

GTAs and their teaching practices (Lang et al., 2020). Several GTAs in this study also expressed 

an interest in teaching in different course to round out their teaching experience, which 

unfortunately isn’t always practical because of high demand in introductory courses.  

While it has been noted that changes to graduate curricula may be met with resistance 

due to an underlying fear of losing focus on research activities, many have suggested that 

additions can be made to graduate education without sacrificing other areas (National Academies 

of Sciences Engineering and Medicine, Committee on Revitalizing Graduate STEM Education 

for the 21st Century, et al., 2018; National Research Council, Division on Earth and Life 

Sciences, et al., 2012). The literature suggests being more purposeful in providing opportunities 

for graduate students to develop soft skills valued by employers. Teaching assistantships have 

not been fully exploited to prepare students for careers beyond academia.  

When designing activities to develop soft skills, it is important to consider the potential of 

particular environments to elicit development, provide opportunities for reflection, and offer 
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feedback on strengths and areas for improvement (Czajka et al., 2021; Jackson, 2016; Reynders 

et al., 2019). Targeting specific skills that can be gained from different graduate activities, 

integrating them into the graduate curriculum as learning goals, and allowing for instances of 

reflection and feedback may be additional areas that graduate curriculum developers or specific 

course coordinators can pursue. 

Conclusions & Future Directions  

The interpersonal skills of communication and leadership emerged as the most prevalent 

skills that GTAs believed they were developing as an instructor in the project-based general 

chemistry laboratory courses. Interestingly, these skills were among those employers believed 

graduate students to be lacking (National Academies of Sciences Engineering and Medicine, 

Committee on Revitalizing Graduate STEM Education for the 21st Century, et al., 2018), In 

addition, ACS has called for inclusion of more opportunities to develop these skills in chemistry 

graduate curricula (Kuniyoshi et al., 2021). Having these skills among desired learning outcomes 

of graduate education is not a recent development, as these have been recognized for years as 

important skills that graduate students should acquire (Caserio et al., 2004). Further, 

development of communication skills has been defined in the literature as a learning goal for 

GTA positions (Donkor & Harshman, 2023). The results of this study suggest that graduate 

teaching assignments in courses that inquiry-based learning techniques, such as project-based 

learning, show promise in supporting this learning goal. The communication skills that GTA’s 

spoke of developing in the project-based general chemistry laboratory courses were both general 

and teaching-specific. Teaching skills, or the ability to educate and influence others, are reported 

as valuable to both industry and academic careers (National Research Council, Division on Earth 

and Life Sciences, et al., 2012), and the ways in which GTA’s in this study were able to learn 

various methods of communication as instructors may better prepare them for the 21st-century 

workforce.  

Further research could delve deeper into professional development of GTAs through 

incorporation of assessment items into training modules, involving use of self-reflective and peer 

assessment activities to determine if personal beliefs regarding skill proficiency align with those 

of a trained observer. Additionally, follow-up studies with GTAs post-graduation to determine 

what experiences were perceived to influence gainful employment or success in the workforce 

may provide more conclusive profiles of how big or small of an impact the project-based general 
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chemistry course had on professional skill development or what other aspects were perceived to 

be more helpful.  

Over the years, this course has integrated undergraduate learning assistants (ULAs) who 

act as instructors alongside GTAs. A prerequisite for being employed as a ULA is having 

successfully completed least one of the general chemistry laboratory courses offered at this 

school. ULAs have been shown to have sufficient teaching capabilities when compared to GTAs 

(Wheeler et al., 2017). Since they have had experiences from both the student and instructor 

perspectives, an area of further inquiry could be exploration of ULA professional development 

and how experiences as a student and as a instructor shape skill development.  

Limitations  

During the time of data collection, the primary author of this study (BE) served as a senior 

teaching assistant and worked closely with the course administrator for GCL1. This may have 

resulted in a perceived power differential between the interviewer (BE) and interviewees, which 

was acknowledged. Author BE reassured participants that their identities would be protected 

several times and attempted to create an open environment where all thoughts and ideas were 

welcome. Participants were relatively forthcoming, with both positive and negative experiences, 

when speaking of their time as instructors for the course.  

As this is a primarily qualitative study, these results are not generalizable to be beliefs of 

all GTAs who instruct these courses. Further, the findings presented herein do not aim to be 

generalized across inquiry-based learning environments. Additionally, this work does not claim 

to provide a measure for GTA proficiency in the skills they reported developing while serving as 

an instructor for these courses. Further work must be done to adequately measure whether beliefs 

of development and skill competency align.  
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APPENDIX 

A.VII.1. Interview Protocol 

Greeting statement. Hello! Thank you for taking the time to meet with me today.   

Background statement. Today I am going to ask you questions about your experience as a TA 

and what skills you think that students developed while taking the course that will be beneficial 

for their future careers. Then I would like to look at your own professional development as an 

instructor for the course.  

Participation in this interview will not affect your TA appointment and the laboratory 

coordinators will not be notified of your participation.  

This interview will be audio-recorded so that I have an accurate record of what you say.  

During the interview, I may wait to make sure that you have had adequate time to think about 

and respond to a question and that you have finished responding. I may ask follow up questions 

that ask you to elaborate to make sure that I understand what you are saying.   

 

Opening questions. Future career and prior teaching experience 

1. What are you specializing in during your graduate school career here at MSU?   

• Follow up: What interested you in that specialty?  

2. What career plans do you have following graduation?   

3. How long have you been a TA for the general chemistry laboratories at MSU?   

4. Do you have experience TAing other courses at MSU?   

• Follow up: Did you have prior experience TAing classes before attending graduate 

school at MSU? (either undergraduate experience/work experience/ any experience as 

a TA or course assistant).  
 

Graduate TA perception of student experience. Skills students have developed in the course 

and course elements that contributed to development.   

5. What aspects of the general chemistry laboratory courses do you view as beneficial for 

students’ career preparation?   

 

Provide TAs a link via Google documents or teams in which interviewee’s can write live 

responses to the following question asked below.  

6. What skills do you believe students are developing in the general chemistry laboratory course 

that will be beneficial towards success in the workforce?   
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7. What specific aspects of the course contributed to student development of [skills 

mentioned]?   

• Follow up: Walk through each skill mentioned.   

8. What skills do you believe could be more incorporated into the general chemistry laboratory 

curriculum for students?  

9. Are there specific aspects of the course that you believe could be changed to better 

incorporate development of [skills mentioned]?   

 

Graduate TA Perception of Professional Development and Personal Growth. Skills 

developed as an instructor for the course and ways in which their experiences led to 

development.   

Continuing to use the link provided via google documents or teams, participants were asked to 

write their response to the following question below.  

10. Focusing on your own experience as a general chemistry laboratory TA, what skills did you 

develop while being a TA for CEM [161/162]?  

• Follow up: Walk through skills mention and specific examples of development.   

11. What specific aspects of the general chemistry laboratory curriculum contributed to personal 

development of [skill]   

• Side note: Can talk about TA meetings, professional development, the teaching 

environment, etc.   

12. Are there any aspects of the curriculum or professional development that you would change 

to better incorporate skill development for graduate student TAs?   

 

Optional questioning (if time permits). Employer-desired competencies and continuation of 

skills TAs perceive themselves and students to be developing in the course.  

Provide TAs with visual aid containing list of 6 professional skills (Figure 7.3) and continue 

with line of questioning below.  

13. This is a condensed list of skills that employers desire in recent graduates and new hires. Are 

there any skills on here that you would like to expand on, that you did not previously talk 

about, in relation to student development in the general chemistry laboratories at MSU?   

• Follow up: Specific instance of development in course.   
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14. Are there any skills on here that you would like to expand on, that you did not previously talk 

about, in relation to graduate student TA development teaching the general chemistry 

laboratories at MSU?   

15. Are there any skills on here that you believe students should be given more of a chance to 

develop that they you believe they did not get a chance to?   

Follow up: What about for graduate student TAs?   

Stop sharing screen. 
 

End/closing miscellaneous questions (if time or line of questioning permits). 

16. What learning environment did you primarily teach in when you were a general chemistry 

laboratory TA; in-person or online learning?   

17. How can the learning environment influence skill development for students? (Can be 

positive or negative aspects of learning environment.)   

18. How can the teaching environment influence skill development for graduate student TAs? 

(Can be positive or negative aspects of teaching environment.)  

 

Closing statement. In closing, is there anything else that you would like to add about anything 

we have talked about here today?   

Thank you!  

Close.  
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Figure 7.3. Visual aid used in interviews. 
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A.VII.2. Qualitative Coding of Skills Developed as a  

Teaching Assistant for Course 

Coding Scheme - Skills Developed as a TA for the Course  

1. Interpersonal Skills: 

• Teamwork & Collaboration: cooperation between co-instructors in the same 

section, conflict management 

• Communication Skills: includes verbal communication (e.g., public 

speaking/presenting), answering student questions in a style that gets them to 

think, adapting communication style based on student needs, ability to clearly 

convey thoughts/ideas to others, communicating across various levels (e.g., 

instructor-instructor vs instructor-student communication) 

• Leadership Skills: mentoring skills (e.g., learning how to be a professor/principal 

investigator (PI)); coordinating, guiding, and managing students so that every 

team/student successfully and safely completes experiments, are managing time 

properly, and are staying on task, motivating students 

• Social & People Skills: being understanding towards undergraduate student 

perspectives and experiences  

2. Intrapersonal Skills: 

• Personality & Character Traits: patience (e.g., not getting frustrated with students), 

adaptability/flexibility, positive attitude 

3. Teaching-related Skills: 

• Flexibility in Learning & Teaching: having to coordinate back and forth between learning 

concepts again to be able to teach them to students 

• Course Organization: learned how to organize a course  

• Grading Skills: learned how to provide better feedback and read through student 

assignments more carefully  

4. Critical Thinking 

5. Time Management Skills: 

• Punctuality  

6. Technical Skills: 

• Laboratory Techniques & Skills: learning how to use well plates/microscale techniques 
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7. Other Skills: 

• Learned from Experiments that Students were Performing (e.g., learned facts surrounding 

kidney stones such as how many US citizens suffer from this medical issue)  

• Decision-making: having to come up with solutions and make decisions when presented 

with conflicting information or problems arise 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 461 

A.VII.3. Course Elements that Led to Development of Skills as Instructor for Course 

Below are themes found within GTA responses recounting perceived development of skills that 

were viewed as valuable towards participant career goals. Table 7.2 explores themes found for 

subskills of interpersonal skills and Table 7.3 further showcases code occurrences for all other 

skill sets that were less prevalent in GTA responses.  

Beyond the codes of conveying information to others and collaborative environment, that 

were described within the main body of Chapter VII, a few new codes emerged regarding 

development of other skills not previously explored. Bringing a positive attitude to the classroom 

entailed making sure to come to class with a good disposition because of the influence a GTAs 

personality can have on student experiences. Being punctual to class was in regard to showing up 

on time to instruct each laboratory session. Learned laboratory techniques encompassed learning 

new laboratory skills or techniques through instructing the course and learning something new 

(factually) was in reference to learning new facts related to experiments (e.g., prevalence of 

kidney stones in the population) that the GTA was unaware of before. The final code observed in 

GTA responses was learning how to structure a course that encompassed learning how to 

organize a course based on the layout, activities, and resources provided to students in the 

general chemistry laboratory courses. All corresponding tables are located on pages 461 – 462.  

Table 7.2. Course elements that contributed to perceived interpersonal skill development (n). 

 Skill Perceived as Developed as an Instructor for the Course 

Course Element 

that  

Contributed to 

Perceived 

Development  

Communication 

Skills 

(n = 9) 

Leadership 

Skills 

(n = 5) 

Teamwork 

Skills 

(n = 2) 

Social & 

People 

Skills 

(n = 1) 

General 

Interpersonal 

Skills 

(n = 1) 

Conveying 

Information  

to Others 

8 1 — — — 

Collaborative  

Environment 

7 5 2 1 1 
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Table 7.3. Course elements that contributed to perceived skill development of intrapersonal 

skills, teaching skills, critical thinking, time management, technical skills, and other. (n). 

 Skill Perceived as Developed as an Instructor for the Course 

Course 

Element that  

Contributed to 

Perceived 

Development  

Intrapersonal 

Skills 

(n = 3) 

Teaching 

Skills 

(n = 2) 

Critical 

Thinking 

(n = 1) 

Time 

Management 

(n = 2) 

Technical 

Skills 

(n = 1) 

Other 

(n = 2) 

Conveying 

Information  

to Others 

1 2 — — — — 

Collaborative  

Environment 

2 — 1 1 — 1 

Bringing 

Positive Attitude 

to Classroom 

1 — — — — — 

Being Punctual 

to Class 

— — — 1 — — 

Learned 

Laboratory 

Techniques  

— — — — 1 — 

Learning 

Something New 

(Factually) 

— — — — — 1 

Learning How to 

Structure a 

Course  

— 1 — — — — 
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A.VII.4. Skills Desired as an Instructor  

Participants in this study were also asked if there were other skills they would like to further 

develop as GTAs to be included within GTA training. Only 4 participants expressed an interest 

in additional training; the skills mentioned were teaching, communication, and leadership. 

Interest in development and training related to teaching fell into 4 areas, 1) more diverse teaching 

assignments, 2) learning how to better instruct or lecture, 3) grading student assignments, and 4) 

learning new pedagogical approaches applicable to STEM courses.  

To further develop teaching skills, two participants spoke of wanting more diverse 

teaching assignments outside the scope of the general chemistry laboratory courses. Although 

Palm’s future career goal surrounded starting a company in industry, they spoke of wanting to 

learn teaching skills, in particular how to better instruct in what seemed to be more lecture-based 

or traditional laboratory courses that contained pre-laboratory lecture components.  

[. . .] there should be some instruction [course], because I have already taken 

this lab three times. And then [GCL2] twice and then [GCL1] this semester. 

So, I feel I should have some instruction-based course. So, that I can improve, 

like work on my instruction skills and then grow more on the communication 

side. [Later in Interview] I would want it to take it to the next level, with some 

higher-level course, or some courses where more management or more 

instruction is involved [. . .] [Later in interview] like if there is an instruction 

based thing at the starting of the lab that would improve the communication 

skills and instruction activity of the TAs as well. (Palm) 

Palm also felt this would aid in further development of other desired skills such as 

leadership (specifically management) and communication skills. Teaching a wider variety of 

courses at higher levels was also relayed by Almond, a graduate student who desired going into 

academia and expressed a passion for teaching. Almond thought having different teaching 

opportunities would offer them a more well-rounded skill set that surrounded being introduced to 

different problems that students encounter and desiring the ability to teach topics closer to their 

specialty.  
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[. . .] So there's like, one thing doesn't need to teach every skill, right? So I 

think, with regards to that I was satisfied with, I really enjoyed TAing. Because 

I also like [understand] that it's an introductory course, personally, yeah sure 

I'd like to get experience teaching higher level courses [. . .] So, maybe 

allowing [. . .] grad students the opportunity to make sure that like, "Oh, we 

should get you to TA this lab because you've done the gen chem labs, let's 

upgrade you to this one,” so you get this like other kinds of experience. 

(Almond) 

Although providing more diverse teaching assignments is outside of the scope of what 

can be implemented in the general chemistry laboratory course trainings, these perspectives can 

offer an insight to how some GTAs desire a greater variety of teaching opportunities versus 

being placed as an instructor for the same course repeatedly.  

Earlier in their interview, Acorn had talked about learning how to provide better feedback 

to students and read through assignments more carefully as developing the teaching skill of 

getting better at grading student activities. Although this was cited as a source of development, 

Acorn felt that more thorough and robust training was needed to better develop these skills and 

to be more adequately prepared as an instructor for the course. This is an area course 

administrators could further explore to provide more sufficient training to ensure GTAs feel 

adequately prepared to grade and provide feedback on student assignments.  

Macadamia was the only participant who desired more training focused on learning new 

pedagogical approaches. They expressed that being provided additional training that focused on 

learning a variety of teaching methods and techniques to be applied within the context of the 

chemistry laboratory could be beneficial to their professional development.  

Unless there was like [. . .] some of the trainings into like the certificate for 

college teaching or something like that. Where, because a lot of the workshops 

and stuff I go to for those aren't really focused on like teaching chemistry. A 

lot of them are put on and hosted by English teachers/social sciences, where 

they're talking about essays, and I don't know [. . .] I just struggle to bring 

those back to chemistry. So having new, wrapping some of that in with the 

class specific training where "Here's the technique," you know, "Now you get a 
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chance to practice it in the week," might be helpful [. . .] So having 

opportunities to learn and do the professional development. Learning from 

people that [taught] the same subject can be really helpful [. . .]. (Macadamia) 

Being given opportunities to learn specific pedagogical approaches that can be applied 

directly to a GTA’s teaching assignment has been noted as being desired in the literature (Lang 

et al., 2020) and may be an area in which further evolution of the professional development 

provided to GTAs may be explored. 
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A.VII.5. Qualitative Coding of Skills TAs Believed Students were Developing in the Course 

Coding Scheme - Skills Developed as a Student in the Course  

1. Interpersonal Skills: 

• Teamwork & Collaboration: working with people who have a difference of 

opinion, learning to grow as a team player  

• Communication Skills: includes verbal communication (e.g., public 

speaking/presenting skills), written communication (e.g, preparing reports, 

writing professionally in notebooks or reports), learning to ask questions, ability 

to clearly convey thoughts and ideas 

2. Intrapersonal Skills: 

• Work Ethic: being accountable for work 

• Personality & Character Traits: being comfortable asking questions, learning how to be 

independent  

3. Problem-solving & Critical Thinking: 

• Reasoning through connecting findings to scenario/real societal issues 

• Learning to navigate difficult questions  

• Creativity  

4. Time Management Skills: 

• Multi-tasking 

• Punctuality  

• Meeting deadlines 

5. Technical Skills: 

• Laboratory Skills & Techniques: basic/general chemistry lab skills (e.g., vacuum 

filtration, working with laboratory equipment), learning micro scale techniques to save 

resources and chemicals, laboratory safety (e.g., how to safely handle chemicals),  

• Technological/Computer Skills: Microsoft Office skills (e.g., Excel/PowerPoint)  

6. Conceptual Knowledge & Research Skills:  

• Learning new concepts via experimentation 

• Building practical knowledge through connecting theoretical concepts to experimentation  

• Learning how to properly research and identify reliable references  
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7. Education & Learning Skills: 

• Learning & School Skills & Strategies: willingness to learn  
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A.VII.6. Numerical Breakdown of Skills GTAs Reported Students to be Developing within 

the Project-based General Chemistry Laboratory Courses  

Table 7.4. Skills GTAs perceived to be developed as an undergraduate student enrolled in the 

project-based general chemistry laboratory courses. 

Career Relevant Skill 

Participants Who Reported Course Supported Development, 

n (%) 

Communication Skills 7 (58) 

Teamwork/Collaboration 9 (75) 

Misc. Interpersonal 2 (17) 

Work Ethic 1 (8) 

Personality & Character Traits 3 (25) 

Problem Solving and Critical Thinking 8 (67) 

Time Management 4 (33) 

Technical Skills 7 (58) 

Conceptual Knowledge/Research Skills 2 (17) 

Education & Learning Skills & Strategies 1 (8) 
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CHAPTER VIII: CONLUSIONS, IMPLICATIONS, & FUTURE DIRECTIONS 

Conclusions 

Throughout this dissertation, development of employer-desired competencies (EDCs) was 

explored from both the student and instructor perspective. Prior to this work, employers, who 

had experiences with undergraduate students in the College of Natural Science at Michigan State 

University, stated that they felt students were unable to articulate proficiency in skills such as 

communication, teamwork, problem-solving, and critical thinking (Telfor, 2017). Participants 

were sampled from introductory general chemistry laboratory courses to investigate how the 

project-based learning environment, which engages students in the scientific practices, might 

encourage development of EDCs. Using a mixed-methods approach, focusing on qualitative data 

collected through semi-structured interviews, and a social constructivist theoretical framework to 

guide this study, the following key findings emerged.  

Finding 1: Students identified EDCs relevant to their career coal & perceived development of 

EDCs in project-based general chemistry laboratory courses. 

Exploring student ability to articulate prevalent workforce skills was one of the primary goals of 

the research presented herein. Findings from interviews (Chapter IV) and surveys (Chapter VI) 

show that students are not only able to identify valuable EDCs as being relevant to their future 

career, both with and without prompting, but that they were also able to clearly define 

experiences in their general chemistry laboratory courses that supported perceived development. 

Communication, teamwork, work ethic, problem-solving & critical thinking, prioritization & 

time management, and technical skills were highly regarded as valuable career competencies by 

interview participants and align with skills desired by employers throughout the literature 

(Kondo & Fair, 2017; National Association of Colleges and Employers, 2023; National Research 

Council et al., 2011; World Economic Forum & in collaboration with The Boston Consulting 

Group, 2015). These findings were further supported by survey participants who were also able 

to relate many EDCs to success in their future career.  

Further, many interview and survey participants attributed development of these valuable 

21st-century skills to course elements of the project-based general chemistry laboratory courses. 

Emergent in interview participant responses was how the collaborative environment led to 

perceived development of communication, teamwork, work ethic, problem-solving & critical 

thinking, and prioritization & time management skills. Additionally, the open-inquiry nature of 



 471 

the courses – having students design and plan experiments with less explicit guidance from 

instructors – was believed to support problem-solving & critical thinking skill development. 

Many of these themes were further supported by survey participant responses regarding skill 

development. Although we do not offer commentary on the assessment of development of EDCs, 

these results continue to reinforce the benefits of students engaging in a project-based learning 

environment (Bell, 2010; Jollands et al., 2012) and how, when given a chance to reflect on 

development, students are able to pinpoint aspects of the curriculum that contribute to growth.  

Finding 2: Online learning positively & negatively impacted student development of EDCs. 

Online learning was a new format for many students and instructors during the COVID 

pandemic (Means et al., 2020) and was particularly challenging for those administering 

laboratory courses (Sansom, 2020). Investigating how participants believed engaging in an 

online general chemistry laboratory course influenced their ability to gain valuable EDCs 

(Chapter V) was a new area of inquiry that presented itself during data collection for Chapters 

IV and VI. The EDC most affected was technical skills; many interview participants believed 

that learning online was detrimental to skill development due to the loss of in-person and hands-

on experiences. Taking laboratory courses online distanced students from becoming familiar 

with laboratory skills and techniques and did not allow them to engage in their own 

experimentation and data collection. A desire to further develop these skills was reported by both 

interview and survey participants, with many explicitly stating or implying that being online 

prevented them from developing technical skills.  

Participants had contrasting views regarding the influence online learning had on 

development of other EDCs, such as communication, teamwork, work ethic, problem-solving & 

critical thinking, and prioritization & time management. Interview participants were split on 

whether online learning supported, hindered, or had no influence on EDC development. Further, 

interview participant responses indicated that their perception of adapting to the online learning 

environment, either a positive or negative, seemed to influence whether they believed that 

remote learning aided skill development. In contrast, survey participants were more apt to see 

online learning as hindering development of EDCs due to barriers to collaboration and 

communication and a lack of hands-on opportunities. Both interview and survey responses 

indicated an underlying desire to engage in these laboratory courses in-person. However, 

learning to communicate and collaborate remotely, as observed in some student responses, may 
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be beneficial to graduates entering the 21st-century workforce as many careers require 

engagement in collaborative efforts that may be conducted remotely.  

Finding 3: Students value EDCs in various areas of their lives and desire further integration of 

these skills into their college experience. 

EDCs have been recognized in the literature as having value to many areas of a person’s life 

(Binkley et al., 2012; National Research Council et al., 2011; Organisation for Economic Co-

operation and Development, 2019) – a perception shared by interview and survey participants. 

Student participants spoke of how EDCs were applicable to their academic and professional 

careers, along with being seen as general life skills (Chapter IV and VI). Beyond their own 

career pursuits, many participants found these skills to be important to a variety of careers, 

emphasizing how integrating opportunities to develop EDCs in higher education classrooms may 

be advantageous for many areas of a student’s life. Further, survey responses supported 

integration of EDCs into the college classroom with 86% of participants expressing a desire to 

continue learning about these skills during their college career (Chapter VI). With students 

wanting more experiences gaining relevant career competencies and the high value attributed to 

these skills, incorporating skill development into course curricula could provide beneficial 

experiences within classroom environments.   

Finding 4: Graduate teaching assistants perceived development of EDCs as instructors for the 

project-based general chemistry laboratories. 

Much like recent bachelor’s graduates, the skills gap has also been reported for graduates of 

STEM masters and doctoral programs (National Academies of Sciences Engineering and 

Medicine, Committee on Revitalizing Graduate STEM Education for the 21st Century, et al., 

2018), prompting our investigation into how graduate teaching assistants (GTAs) for the project-

based general chemistry laboratory courses perceived development of valuable 21st-century skills 

(Chapter VII). The most prevalent skills that GTAs reported they as an instructor for these 

courses were the interpersonal skills of communication and leadership. By acting as a mentor, 

guiding and supervising undergraduate students in these courses, GTAs developed these skills. 

Communication skill development was further aided by learning how to convey information to 

various types of students and learning how to present. With teaching assignments often viewed 

as unfavorable requirements of a graduate student’s career (Sandi-Urena & Gatlin, 2013), 
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leveraging a project-based laboratory learning environment that encourages development of 21st-

century skills, as observed in this study, may add value to these assignments.   

Implications  

While the four studies presented herein were exploratory, the findings, accompanied by a review 

of the literature, highlight important aspects to consider when integrating 21st-century skill 

development into student learning environments: 

1. Frame learning in career-relevant contexts - assess curriculum and learning goals for 

areas in which 21st-century skill development can be integrated and use evidence-based 

pedagogical practices to implement these goals.  

2. Build awareness of skill development by incorporating opportunities for self-reflection 

and feedback throughout a student’s college career.  

3. Situate teaching assistantships as valuable opportunities for professional development.  

Implication 1: Frame learning in career-relevant contexts. 

Learning can be motivated by an individual’s interests and learning goals or what they hope to 

achieve from engaging in the learning process (National Academies of Sciences Engineering and 

Medicine, Division of Behavioral and Social Sciences and Education, et al., 2018), including 

future career goals. These goals are not stagnant, as supported by the small sample of Fa21 

survey participants in this dissertation (Chapter VI), who reported different career goals at the 

beginning and end of the semester. Further, the literature recognizes how learning environments 

can affect whether students continue toward or change from a particular career goal (Seymour & 

Hunter, 2019).  

One of the first steps in a student’s STEM education are introductory courses, such as 

general chemistry, that cover foundational topics and are often required to advance to more 

major-specific courses. These courses often carry a negative connotation of being used to “weed 

out” low performers and have been met with disinterest, causing students to switch to more 

appealing majors outside of STEM (President’s Council of Advisors on Science and Technology, 

2012;  Seymour & Hunter, 2019). By leveraging student learning goals, such as their future 

careers, to situate learning in relevant contexts, introductory STEM courses may be reframed 

with student interests in mind, resulting in increased engagement and retention in these courses. 

Additionally, integration of 21st-century skills that are believed to be applicable across 
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occupations, may equip students with skills that are valuable to career success, even if their plans 

change.  

Implementing 21st-century skills in the classroom requires careful assessment of the 

learning environment. Reflecting on the curriculum and learning goals in the context of student 

careers may reveal areas in which career preparation is thought to be self-evident but is actually 

lacking. Kerr & Runquist found that when they compared the skills employers desired to their 

science education curriculum, the curriculum focused on careers geared towards academia (Kerr 

& Runquist, 2005). This was a sobering finding as they reported that 75 - 85% of their graduates 

were not aiming for employment in an academic career and emphasized the need to assess how 

course curriculum can be transformed to better serve the futures of the students enrolled. Kerr & 

Runquist’s report points to the importance of identifying student career goals and taking them 

into consideration in curricula to better prepare students for the workforce.  

Much like Kerr & Runquist, taking inventory of one’s classroom can provide useful 

information to guide curriculum development. In the studies reported in this dissertation, 

undergraduate participants primarily desired careers in health and medicine or engineering. They 

identified communication, teamwork, work ethic, problem-solving & critical thinking, and 

prioritization & time management as 21st-century skills that were relevant to their future careers 

and believed to be developed in the general chemistry laboratory courses. These outcomes could 

be used to define learning goals, in course curricula, to bring awareness to additional outcomes 

that may contribute to success in future careers. Use of short surveys could be a valuable tool, for 

any course, to collect and assess general student characteristics and goals (e.g., beginning of 

semester survey to identify what career goals and skills students hope to gain from a course and 

end of semester surveys of what was believed to be gained from a course) that could be used in 

development of learning goals.  

To reach learning goals centered on 21st-century skill development, evidence-based 

pedagogical practices should be used. While results from the studies included in this dissertation 

did not explore use of pedagogical practices beyond project-based learning, this learning 

environment was believed by participants to support development of valuable career 

competencies (Chapter IV and VI). Project-based learning encourages a highly collaborative 

environment (Krajcik & Shin, 2014), and this course element was frequently discussed in student 

responses as contributing to development of highly valued workplace skills, such as 
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communication, teamwork, problem-solving & critical thinking, and prioritization & time 

management. Other course elements that students related to skill development included 

designing experiments, analyzing and interpreting data, and project management. Engaging in 

the scientific practices of designing and carrying out investigations and analyzing and 

interpreting data, which are also components of open inquiry learning, were believed by students 

to enhance their problem-solving & critical thinking skills. Further, students discussed 

developing problem-solving & critical thinking, communication, and teamwork skills by 

collaborating with team members to work through scaffolded planning documents designed to 

guide students through planning experiments. Additionally, being given projects that spanned 

multiple weeks and multiple assignments, were believed to encourage growth of prioritization & 

time management skills. These findings support literature reports that project-based learning can 

encourage development of 21st-century skills (Jollands et al., 2012; Wurdinger, 2016) and 

engaging in the scientific practices can support skills such as student reasoning that was related 

to critical thinking in these studies (Stowe & Cooper, 2017). While it may not be feasible or 

beneficial for skill development and career preparation to be the sole focus of a course’s 

curriculum, implementing a curriculum that incorporates elements of project-based learning and 

scientific practices may be naturally support development of EDCs. 

Implication 2: Build awareness of skill development, allow for self-reflection & feedback, & 

provide continual opportunities to develop skills. 

A key step in progressing toward integration of 21st-century skill development in the classroom, 

is first introducing students to the definitions and applications of these skills. Although EDCs 

often suffer from broad definitions (National Research Council et al., 2011), instructors can 

define specific skills within the context of their courses, draw attention to opportunities for skill 

development, and situate learning in career-relevant contexts. For example, in Sp21 (Chapter 

VI) course materials introduced a list of EDCs that could be developed within the general 

chemistry laboratory courses to build awareness. Integrating short and concise lists, such as the 

one employed in Sp21, into course activities may be beneficial because they require minimal 

time to implement, make use of readily available course materials, and can act as an opportunity 

to provide students with continual exposure to EDCs. 

Beyond familiarizing students with EDCs, allowing opportunities for students to reflect is 

another critical aspect of facilitating skill development. Through reflection, students can a) see 
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the practical application of what was learned, b) recognize areas of success, and c) identify areas 

that need further growth (Helyer, 2015). Integration of short reflective assignments, throughout 

or towards the end of a course, provides students with opportunities to look back upon their 

experiences and relate them to development of prevalent 21st-century skills. These assignments 

could give students practice in articulating skill development that could translate into 

demonstrating proficiency for job interviews. Further, use of reflective assignments could bring 

attention to students’ strengths and weaknesses. Although not referring to the reflective 

assignment itself, some Sp21 survey participants (Chapter VI) felt that being introduced to 

EDCs gave them a chance to not only identify how skills were used and developed within the 

course (GCL1), but also helped them identify areas for improvement. Additionally, a small 

sample of Sp21 survey participants (Chapter VI) explicitly mentioned how beneficial the 

reflective assignments were in helping them recognize growth and development. The literature 

goes one step farther, suggesting a combination of self-reflection and instructor feedback, 

through use of rubrics designed to assess skill development, as beneficial for student growth 

(Czajka et al., 2021; Reynders et al., 2019).   

Exposure to EDCs and instances of development should not be limited to one course but 

rather integrated throughout the undergraduate college career. As recognized in the literature, 

practice is a component of learning and mastery (Koedinger et al., 2023), indicating a need for 

recurring opportunities that go beyond the confines of singular experiences in one classroom. 

The desire for more opportunities was reflected in Fa21 Final Reflective Assignment (FRA) 

survey responses (Chapter VI), where most students in the sample stated that they wanted more 

experiences with valuable workplace competencies during their college career. From this, it can 

be surmised that a sustained effort to include 21st-century skills in higher education may be met 

favorably by students, further emphasizing the importance of providing and maintaining such 

opportunities throughout an undergraduate’s education. Although transformative efforts centered 

around 21st-century skills risk becoming a fad (Rotherham & Willingham, 2010), consistent 

reports that students are not adequately prepared in the skills needed for today’s workforce 

(Carlson, 2022; National Association of Colleges and Employers, 2023) underline the 

importance of continued efforts to include career preparation in the undergraduate curriculum.  
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Implication 3: Use graduate teaching assistantships as opportunities for professional 

development. 

Within the literature, graduate teaching assistantships have been recognized as an area that could 

be leveraged for professional development (Ashby & Maher, 2019); however, this is an aspect of 

graduate education that is often overlooked (Sandi-Urena & Gatlin, 2013). Much like 

Implications 1 and 2, which focused on undergraduate education, the graduate curriculum could 

greatly benefit from situating GTA training and related opportunities for professional 

development within a career-relevant context. This is important given that most chemistry 

graduate students serve as teaching assistants, accompanied by the fact that many will not 

continue to a career in academia (Kuniyoshi et al., 2021). In the studies presented herein 

(Chapter VII), GTAs recognized opportunities to develop valuable career competencies as 

instructors for the project-based general chemistry laboratory courses. These perceived instances 

of development spanned across GTAs who aspired to go into both academic and industry 

careers. Based on the outcomes of this study, using a project-based learning environment and 

placing GTA instructors in a mentor-like position, may provide opportunities for development of 

valuable skills such as communication and leadership.  

Although this study did not investigate how training provided to GTAs was supported 

skill development and instead focused on instructor experiences within the classroom, the 

outcomes from this study can guide future training modules. While GTA study participants were 

able to reflect on specific skill development as an outcome of instructing these courses (Chapter 

VII), opportunities such as these are not typically integrated within GTA training. Like the 

suggestions above for students enrolled in these courses, first drawing attention to valuable 

workplace competencies that can be developed as an instructor and allowing for instances of 

reflection could be a beneficial addition to training sessions. While it is not suggested that GTA 

training focus primarily on career preparation, opportunities for 21st-century skill development 

may already be embedded within their experiences as an instructor (Chapter VII) and it may 

just be necessary to draw attention to them. Calls to explicitly integrate career preparation into 

the graduate curriculum after often met with concerns that will distract from research 

opportunities (National Academies of Sciences Engineering and Medicine, Committee on 

Revitalizing Graduate STEM Education for the 21st Century, et al., 2018). Enhancing the GTA 
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experience to explicitly support development of career-relevant skills would place minimal 

additional demands on graduate students while potentially having a large impact.  

Future Directions 

Higher education institutions are tasked with the daunting feat of continually adapting to an 

evolving workforce and ensuring students are adequately prepared for modern-day careers. 

While there are many education researchers, organizations, and institutions striving to meet 

student and employer needs (Chadwick et al., 2018; Kondo & Fair, 2017; Organisation for 

Economic Co-operation and Development, 2019; Partnership for 21st Century Learning, 2019), 

there is still much work left to be done. The studies reported in this dissertation show that 

students and graduate teaching assistants perceived that they developed EDCs when either 

enrolled in or instructing project-based general chemistry laboratory courses. However, there 

was no control (e.g., sampling participants from a traditional laboratory course) to compare these 

findings against, so we cannot claim that these experiences are solely the product of project-

based learning or are of any higher value than other learning environments. To better assess the 

influence a learning environment (e.g., either traditional or inquiry-based pedagogies) may have 

on EDC development, further work could sample students from a variety of classrooms that 

employ different pedagogical approaches. Through use of items to assess specific skills and 

triangulation with semi-structured interviews to see if student perception of development aligns 

with observed development, pedagogical approaches that may better support skill development 

could be determined. Continuing to track students and GTAs through both their academic and 

professional careers in a longitudinal study could provide further insight into the most relevant 

experiences contributing to perceived career preparation and EDC development.  

Another area to explore focuses on technology used in these courses. One of the pillars of 

project-based learning is recognizing the importance of integrating current technology into 

student projects (Krajcik & Shin, 2014). Artificial intelligence (AI) is proliferating the academic 

sphere (Swaak, 2024). The course coordinators for the project-based general chemistry 

laboratory courses investigated in this dissertation are considering integration of this technology. 

The effects of projects or activities using AI and their influence on EDC development may be 

another interesting area of exploration.  

Additionally, the value that employers place on career preparation achieved within the 

classroom or through work experiences could be explored. With the literature continually 
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underscoring how employers desire higher education institutions to better prepare students in 

21st-century skills (Carlson, 2022; Gardner, 1997; Kerr & Runquist, 2005; National Research 

Council et al., 2011), a study could be designed to investigate whether an employer sees 

experiences derived from college courses on an application as equal to or lesser than work-based 

experiences. Findings could highlight what aspects of college education are relevant to career 

preparation and workplace success.  
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