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ABSTRACT 

INTERROGATING LARGE-SCALE SCIENCE ASSESSMENT:  
EXPOSING EVIDENCE OF NEXT GENERATION SCIENCE STANDARDS DIMENSIONS 

 
By 

Tamara J Heck 

The adoption and implementation of state science standards based on the Next 

Generation Science Standards (NGSS) have posed significant challenges for the development 

and interpretation of science Large-Scale Assessments (LSA); specifically, the extent to which 

the assessment items align with the standards. Previous research has relied on large state or 

national data sets and classroom assessment data, but has yet to consider students’ experiences 

with the LSA. This research uses qualitative methods to analyze cognitive lab data from 

Michigan students in Grades 5 and 8 to find evidence of the intended alignment claims of the 

items designed for the science Michigan Student Test of Educational Progress (M-STEP). The 

findings indicate that the items elicit the use of the dimensions from students and, in some cases, 

discriminate among students who chose the keyed response versus those who did not. The 

evidence of elicitation is often in contrast to the alignment analysis conducted by external 

reviewers through the Task Annotation Project in Science (TAPS). This work highlights 

important tensions with which science assessment developers must wrestle and provides 

recommendations for doing so.  
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CHAPTER 1: INTRODUCTION 

 

In the modern education system, students face multiple assessments throughout the 

school year. The purposes of these assessments include formative assessment data collection, 

programmatic accountability and monitoring, and prediction of success on the collegiate level. 

The No Child Left Behind Act (No Child Left Behind [NCLB], 2002) initiated the placement of 

greater emphasis on the use of assessments to track students’ educational progress and to serve 

as an accountability measure of schools. NCLB required states to create “challenging” standards 

for students at each grade level and assess students from Grades 3 to 8 and once in high school.  

In 2015, President Obama signed the Every Student Succeeds Act (Every Student 

Succeeds Act [ESSA], 2015) into law. With respect to statewide assessments, ESSA continues 

the tradition begun by NCLB by requiring state-level, high-quality student assessments in 

mathematics, reading or language arts, and science (ESSA 2A, p. 24) aligned to the state 

standards and that “provide coherent and timely information about student attainment of such 

standards and whether the student is performing at the student’s grade level” (ESSA 1177-S, pp. 

24–25). While ESSA provides more options for state assessment and accountability, it is still the 

responsibility of the state to endure all students take summative or interim assessments in 

English Language Arts and Mathematics each year from grades three through grade eight and 

once in high school. The law also requires all students participate in a science assessment three 

times in a student’s K-12 experience: in the elementary, middle, and high school grade bands. 

New Science Standards 

In parallel with ESSA, in 2015, Michigan adopted the Michigan K-12 Science Standards 

(MSS), which are based on the Framework for K-12 Science Education (National Research 
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Council [NRC], 2012) and the Next Generation Science Standards (NGSS; NGSS Lead States, 

2013). The NGSS are written in the form of performance expectations, which are the assessable 

statements students should be able to do at specific grade levels. The performance expectations 

were adopted as the MSS with a few Michigan-specific contexts noted throughout the adoption 

document.  

The MSS are three-dimensional (3D), meaning students are required to integrate three 

separate but interdependent competencies. The first dimension, the Science and Engineering 

Practices (SEPs), depict the actions, skills, and performances employed by both scientists and 

engineers in which scientists engage as they investigate and explore the natural and designed 

world (NRC, 2012). The second dimension is the Disciplinary Core Ideas (DCIs), “which have 

the power to focus K–12 science curriculum, instruction, and assessments on the most important 

aspects of science” (nextgenscience.org/three-dimensions). The third dimension, the 

Crosscutting Concepts (CCCs), traverse all domains of science in an effort to provide coherence 

across various scientific ideas. When taught with fidelity, the CCCs can shape scientific literate 

students (NRC, 2012). The amalgamation of these three dimensions promote students’ ability to 

investigate natural phenomena and explore solutions to real-world problems (NRC, 2012; NGSS 

Lead States, 2013).  

Research Questions 

This study examines the alignment of the science item clusters using evidence from 

cognitive labs with 19 students and an external alignment analysis. This study will focus on two 

clusters: one in fifth-grade Life Science and one in eighth-grade Physical Science. The data 

collected was used to analyze the assessment claims the writing teams crafted and determine if 

there is evidence to support using the clusters for large-scale assessments.  
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The research questions guiding this research are as follows:  

1) To what extent do the clusters developed using Michigan Cluster Development process 

align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended 

dimensions? 

A New Science Test 

Until Spring 2017, students in Michigan were assessed in science at Grades 4, 7, and 11 

using the Michigan Standard Test of Educational Progress (M-STEP) science assessment, which 

was implemented in 2015 due to a legislative bill that required online state assessments (House 

Bill No. 5314, 2014). The prior assessments, the Michigan Educational Assessment Program 

(MEAP), was operationalized in 2006 and continued until 2014. The M-STEP and the MEAP 

assessed the Grade Level Content Expectations and the High School Content Expectations which 

were standards that treated science knowledge and inquiry as separate entities.  

To ensure alignment with the new standards, assessment development commenced 

shortly after the adoption of the MSS. To assess the new complex standards, a new assessment 

was designed to interweave the science content, practices, and cross cutting concepts to 

determine what students know and can do in science.1 The new MSS present challenges for the 

design of assessments. For example, because of the three-dimensional nature of the new MSS, it 

is nearly impossible to craft a single assessment item that is aligned to all that is contained within 

a performance expectation. To address this problem, the new State of Michigan science 

assessment uses item clusters, which are groups of five to eight items that are dependent on a 

common stimulus based on a scientific phenomenon or engineering problem (The State 

                                                
1 In this dissertation, I refer to the NGSS performance expectations and the MSS synonymously, often referring to 
both as “the standards.” 
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Assessment Item Collaborative [SAIC], 2015). This process is discussed in more detail in the 

next chapter. 

The Michigan Science Assessment System  

This study focuses on just one point in the assessment system, but to clearly describe the 

conceptual framing for this work, it is important to note that one assessment occasion does not 

provide sufficient data to meet the requirements of ESSA legislation. Designing an assessment 

system must be at the fore of science assessment work (NRC, 2014). Stiggins (2007) discusses 

the importance of an assessment system that includes assessments of learning, those that provide 

a picture of what students learned over a designated period of time, and assessments for learning, 

those designed to help students determine their current understandings in an effort to move 

learning forward. Others discuss the importance of classroom summative and formative 

assessment as an essential part of the assessment system (Black & William, 1998; Brookhart, 

2014; Pellegrino et al., 2001). A vision for a science assessment system (Figure 1.1) illustrates 

the ways in which the State of Michigan’s Balanced Science Assessment System must include 

multiple assessment occasions through which data ought to be collected and used to make data-

driven decisions.  
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 Figure 1.1. Vision for Balanced Assessment System for Michigan K-12 Science Standards. 

It is important to situate this research with respect to other forms and purposes of 

assessment. The large-scale assessment that is the focus of this research resides at the end of the 

assessment system as depicted in Figure 1.1. When examining the entire assessment system for 

the MSS, we must realize that while the state assessment is the focus of this particular research, 

other parts of the assessment system provide much more data on which decisions about students, 

teachers, and schools should be based.  

Nevertheless, the focus of this research is embedded in Michigan’s large-scale 

assessment for science. Therefore, we must examine the forms evidence that ought to be 

gathered to make inferences about the validity of the data gathered for the purpose determined by 

the State of Michigan. For example, the Michigan state legislation regarding teacher evaluation 

mandates that beginning in 2018–2019, 50 percent of teacher evaluations are based on state 
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assessment data (House Bill 4493, Sec. 1249 2a, 2016, i–ii). The evaluation legislation applies to 

all tested content areas and grades. Therefore, teachers are facing numerous reforms that require 

them to shift their practices because of district policies to meet the legislative requirements. As a 

result, some changes in instruction are delayed until the state assessment looks markedly 

different regardless of statements that encourage earlier shifts in curriculum and instruction. 

Clear communication and transparency regarding the processes and decisions about the design 

and implementation of the new state summative science assessment are essential to creating the 

impetus for instructional and curricular change necessary for promoting student academic 

success in science. 

The Board on Testing and Assessment (BOTA) report (NRC, 2014) states that the 

purpose of monitoring assessments can include: determining how much students in a certain 

school system have learned over the course of a year, comparing student performance in one 

school system to another, identifying successful instructional techniques, or ascertaining effects 

of a particular educational policy. The Michigan Department of Education requires that the state 

assessments provide (a) an important snapshot of student achievement at a state, district, and 

building level, (b) valuable information to parents on their child’s academic achievement, and (c) 

important data for teachers, schools, and districts to help guide instruction (Michigan Department 

of Education, 2017). Thus, large-scale assessments can be used in a variety of ways. ESSA 

legislation requires state assessments to use multiple measures of student academic achievement 

(B, iii, p. 25) to determine individual student growth over the course of time.  

Validity of New Science Assessments  

Large-scale assessments used for monitoring and accountability purposes are subject to 

rigorous validity studies to ensure that inferences that can be made from the data match the 
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intended purpose of the test. The Standards for Psychometric Testing (NCME/APA/AERA, 

2014) recommend that validity studies address five different forms of validity evidence: content 

validity, response process validity, internal structure, relations to other variables, and 

consequences of testing. However, large-scale assessment has mainly focused on evidence from 

item response theory (IRT) or other psychometric analyses (e.g., information about item 

difficulty and discrimination scores) rather than on all forms of validity evidence. With these 

new standards (i.e., NGSS and MSS), it is particularly important to construct a validity argument 

that prioritizes evidence based on test content and response processes in order to determine what 

students know and can do in science.  

Michigan has a long history of designing and implementing valid and reliable large-scale 

assessments that meet and exceed the federal and state requirements as determined by peer 

review. In large-scale assessments, validity arguments are essential to convince stakeholders that 

the assessment provides the information for which it was designed. State assessments are subject 

to peer-review processes, in which the U.S. Department of Education conducts an analysis of the 

assessments endorsed by the state to determine if there is alignment between the standards and 

the assessment. This dissertation provides a deep look into the ways in which these assessments 

are designed and iteratively tested.  

My research addresses the need to determine new and valid ways of assessing at a large-

scale these more complex science standards in a manner that meets federal and state assessment 

legislation in addition to providing all students an opportunity to demonstrate what they know 

and can do in science. Additionally, my research is framed in an understanding that a coherent 

assessment system must exist to both use assessment data for the intended purposes and to meet 

the requirements of federal and state legislation.  
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Outline of this Dissertation 

Following this chapter, I have a literature review chapter that synthesizes select literature 

about the Framework for K-12 Science Education (NRC, 2012), on which the MSS were based, 

information about the design of science assessments, and validity of science assessments. In 

Chapter 3, I provide an overview of the Michigan Science Assessment Design Process. I then 

present a findings chapter. I finish with a discussion and conclusion chapter where I summarize 

my findings and discuss the implications of my research.  
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CHAPTER 2: REVIEW OF THE LITERATURE 

 

What are the Next Generation Science Standards? 

The past decade has brought about significant science education reforms. These reforms 

center on moving classroom science from learning about various science constructs and theories 

to providing opportunities for students to figure out natural and observable phenomena (NRC, 

2006). Students are more engaged when science learning focuses on phenomena and 

investigating the way in which the world works (NRC, 2012). The Framework for K-12 Science 

Education (Framework; NRC, 2012), which lead to the development of the NGSS (NGSS Lead 

States, 2013), stresses the fact that children are born investigators and are curious about the 

world around them.  

First, [the Framework] is built on the notion of learning as a developmental 

progression. It is designed to help children continually build on and revise their 

knowledge and abilities, starting from their curiosity about what they see around 

them and their initial conceptions about how the world works. The goal is to 

guide their knowledge toward a more scientifically based and coherent view of 

the sciences and engineering, as well as of the ways in which they are pursued and 

their results can be used. (NRC, 2012, pp. 10–11) 

To investigate phenomena and solve problems, the Framework calls for scientific learning and 

teaching that integrates three dimensions of scientific knowledge and practice: DCIs, CCCs, and 

SEPs (see Table 1.1). Additionally, the Framework spotlights the importance of Engineering, 

Technology and the Applications of Science. The DCIs are a “limited set of core science ideas . . 

. [that] allow for deep exploration” (NRC, 2012, p. 25) in increasingly sophisticated ways across 
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students’ K-12 experience. The criteria for core ideas include topics that are important across 

disciplines, a resource for learning about more sophisticated ideas, relatable to students and 

society, and able to grow in sophistication across grades (NRC, 2012). The DCIs are grouped by 

domains: Physical Science, Life Science, Earth and Space Science, and Engineering.  

The SEPs are key practices that scientists and engineers use to develop and test theories 

about the natural and designed world. Engagement with the SEPs supports students in better 

understanding the way in which scientific knowledge is developed as well as to promote a deeper 

understanding of the DCIs (NRC, 2012). The eight SEPs are listed in Table 1.1. Students often 

use multiple practices together or in succession to make sense of scientific phenomena (Schwarz 

et al., 2017).   

The CCCs are concepts that have broad application across the domains of science (NRC, 

2012). The within instruction, the CCCs are often thought of in the metaphorical sense as lenses, 

bridges, tools, or rules for science (Rivet et al., 2016). The seven CCCs are listed in Table 1.1. 

The three dimensions (SEPs, DCI, and CCCs) are to be seamlessly embedded within instruction 

and assessments to provide students an authentic inquiry experience.  
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Table 1.1 

Next Generation Science Standards (NGSS) Three Dimensions 

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts 
PHYSICAL SCIENCES Asking questions and defining 

problems 
Patterns 

Matter and its interactions Developing and using models Cause and effect 

Motion and stability: Forces and 
interactions 

Planning and carrying out 
investigations 

Scale, proportion, and 
quantity 

Energy Analyzing and interpreting data Systems and system models 

Waves and their applications in 
technologies for information transfer 

Using mathematics and 
computational thinking 

Energy and matter: Flows, 
cycles, and conservation 

LIFE SCIENCES Constructing explanations and 
design solutions 

Structure and function 

From molecules to organisms: Structures 
and processes 

Engaging in argument from 
evidence 

Stability and change 

Ecosystems: Interactions, energy, and 
dynamics 

Obtaining, evaluating, and 
communicating information 

 

Heredity: Inheritance and variation of traits   

Biological evolution: Unity and diversity   

EARTH AND SPACE SCIENCES   

Earth’s place in the universe   

Earth’s systems   

Earth and human activity   
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A Need for New Science Assessments 

In the past, many large-scale science tests included multiple-choice items that assessed 

independent pieces of content (Alonzo & Ke, 2016; Blank & Adams, 2018; Pellegrino, 2014). 

However, to assess the NGSS, assessment tasks must elicit evidence of knowledge-in-use, 

meaning that students apply science content knowledge while utilizing appropriate SEPs (Harris 

et al., 2019) and Program for International Student Assessment (PISA; OECD, 2016). For 

example, students may use modeling (SEP), knowledge of inheritance in organisms (DCI), and 

apply systems understanding (CCC) to explain scientific phenomena such as why some flowers 

of the same species may look different (Pellegrino et al., 2013). This type of assessment will 

look different from most prior assessments (Alonzo & Ke, 2016). Thus, designing assessments to 

provide information about what students know and can do in science with evidence regarding 

three-dimensional thinking requires careful design of assessment systems, clearly articulated 

assessment goals, and innovative assessment design (Gorin & Mislevy, 2013).  

Assessment Design for NGSS  

Assessment is a form of “reasoning from evidence” in which observations of students’ 

actions and artifacts are used to support inferences about what they know and can do (Pellegrino, 

Chudowsky, & Glaser, 2001). Students’ science knowledge and understanding is a construct, 

which cannot be directly observed. With respect to assessments, a construct is used to describe a 

body of content (knowledge, skills, understanding, etc.) that an assessment measures. To develop 

assessments for the NGSS, the BOTA report (NRC, 2014) recommends using a principled design 

approach such as Evidence Centered Design (ECD; Mislevy & Haertel, 2006) to provide a 

framework for developing evidence of construct validity. This design approach has proven to be 

useful in providing a system for developing assessment claims associated with the NGSS, which 
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then can be used to design three-dimensional tasks (Debarger et al., 2016). These assessment 

tasks must elicit knowledge-in-use to bring together the three dimensions to explain specific 

phenomena or solve problems. Previous iterations of science standards have not required this 

complex assessment design prior to the NGSS (Pellegrino et al., 2013). The BOTA report (NRC, 

2014) recommends, “To adequately cover the three dimensions, assessment tasks will need to 

contain multiple components, such as a set of interrelated questions" (Conclusion 2-1, p. 63). 

The SAIC (2015) illustrated this recommendation with sample item cluster prototypes built to 

assess bundles of performance expectations using a phenomenon-based scenario and multiple 

two- and three-dimensional items.  

Knowing What Students Know (Pellegrino et al., 2001) primed the field of science 

assessment by using cognitive science, encouraging assessment developers to consider both 

cognitive learning theory and equity when designing assessments. Building on this work, 

theories of learning such as sociocognitive and sociocultural learning theory have been used to 

inform the ways in which assessments are designed in conjunction with curriculum and 

assessments (Kang & Furtak, 2021; Shepard et al., 2018). While these theories can inform 

assessment design at the local level, Shepard and colleagues (2018) argue that alignment across 

districts and within a state can be challenging because it is impossible for any curriculum to 

cover all the possible intersections of the three dimensions (p. 32). Because the scope of the 

NGSS is both broad and deep, a principled design approach is necessary to ensure the assessment 

is designed to gather the evidence to support the claims supported by the assessment (Harris et 

al., 2019). Assessments also need to foreground sensemaking to provide opportunities for 

students to show what they know and can do with respect to the three dimensions (Achieve, 

2018).  
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Work from other large-scale assessment projects such as the National Assessment of 

Educational Progress (NAEP) has influenced the possibilities for what task formats can and 

should look like. For example, the 2014 NAEP Technology and Engineering Literacy 

Assessment used engaging, interactive tasks providing students an opportunity to demonstrate 

their mastery of engineering practices related to problem-solving. While several examples of 

three-dimensional assessment development for formative and classroom use have been deemed 

successful (e.g., Anderson et al., 2018; Furtak, 2017), the design and implementation of state-

level large-scale science assessment have yet to be the focus of many studies. Nevertheless, the 

NGSS challenge large-scale assessment design in that the integration of SEPs, DCIs, and CCCs 

must be assessed. Additionally, the assessments that are created must provide information that 

can support a validity argument for the stated purposes of the assessment (NRC, 2014). 

Importantly, assessment design requires thoughtful consideration of the test format that 

will give all students the opportunity to demonstrate their ability to integrate the practices, 

crosscutting concepts, and disciplinary core ideas in the context of investigating phenomena and 

designing solutions to problems. Additionally, assessment developers should consider multiple 

student populations with respect to culture, language, ethnicity, gender, and disability to design 

task formats that are as accessible and fair to as many students as possible (NRC, 2014). Still, 

considerations for the engagement of diverse populations of students and the variance in their 

opportunities to learn science present further challenges (Penuel et al., 2019). The complexity of 

the NGSS requires that we draw on the testing technology used for various testing programs 

while considering the diverse populations we serve. This challenging task will require that 

evidence is gathered and synthesized to convince stakeholders that this new assessment design 

produces a valid and reliable assessment.  
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Alignment in Large-Scale Science Assessments 

The structure of the NGSS makes it difficult to define alignment on large-scale 

assessments. In the past, large-scale assessments were designed so that one item would assess 

one standard (NRC, 2014). This one-to-one design provided a simple alignment argument. If a 

student answered the item correctly, the claim could be made that the student understood the 

standard to which the item was aligned. NGSS requires the three dimensions be assessed 

together. Creating an alignment argument becomes more difficult because the assessment no 

longer has a one-to-one design but requires several items across a cluster to provide alignment to 

the bundle of standards (Alonzo & Ke, 2016). Therefore, defining alignment for the purpose of 

large-scale science assessment was a necessary component of this study.  

In this study, I define item alignment as the item’s ability to elicit evidence that students 

used the intended dimensions and to discriminate between students who chose the correct 

response versus those who chose the incorrect response. The intentional design of high-quality 

state science assessments requires assessments that “assess state science standards in order to 

provide evidence to support, refute, or qualify state specific claims about students’ achievement 

in science” (Achieve, 2018).  

Alignment between a set of content standards and large-scale assessment is integral to the 

content validity argument that is necessary for an overall validity argument 

(AERA/APA/NCME, 1999; Ananda, 2003; Impara, 2001; Resnick et al., 2003; Webb, 1997b; 

Zucker, 2008). Making a claim that the items are representative of the defined construct serves as 

evidence of students’ understanding of the construct (Pellegrino et al., 2001). In other words, the 

assessment items serve as a structured argument for what students know and can do in science. 
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The assessment items are designed to elicit evidence from students and that evidence is used to 

support a claim about the students’ knowledge and ability in science. 

Validity for NGSS-Aligned Assessments 

In 1974, APA standards presented the notion that “validation is a comprehensive effort 

requiring multiple sources of evidence that support the use of a test for a specific purpose” 

(Sireci, 2009). Following, the APA (1985) purported, “No test is valid for all purposes or in all 

situations or for all groups of individuals” (p. 31). To date, Kane’s (1992) proposition of an 

argument-based approach to validation remains in which the validator builds an argument that 

focuses on defending the use of a test for a particular purpose and is based on empirical evidence 

to support the particular use. In modern psychometric theory, construct validity—the degree to 

which a test measures what it claims to measure—serves as an overarching frame for evaluating 

the strength of assessment arguments (Messick, 1995).  

The Current Standards for Educational and Psychological Testing (NCME/APA/AERA, 

2014) state, “Validity refers to the degree to which evidence and theory support the 

interpretations of test scores for proposed uses of tests…. It is the interpretations of test scores 

for proposed uses that are evaluated, not the test itself…. It is incorrect to use the unqualified 

phrase ‘the validity of the test’” (p. 11). For any assessment, there are five sources of validity 

evidence: (a) validity evidence based on test content, (b) validity evidence based on response 

processes, (c) validity evidence based on internal structure, (d) validity evidence based on 

relationships to other variables, and (e) validity evidence based on consequences of testing 

(NCME/APA/AERA, 2014). Additionally, multiple forms of validity are necessary to create a 

validity argument for an assessment, however, in practice the content and response process 

validity evidence often takes a second seat to psychometric forms of validity evidence if the 
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items do not fall within the pre-determined statistical guideposts (NCME/APA/AERA, 2014). 

For example, the psychometrics team may determine the P-value of items included on an 

assessment has to fall between 0.8 and 0.3 to include an item on an assessment blueprint. Rarely 

can the content team argue to include the item due to its content validity evidence alone (Council 

of Chief State School Officers (CCSSO) Science Collaborative, personal communication, 2018). 

Historically, large-scale assessments have relied heavily on psychometric sources and less on 

evidence based on test content and responses processes (Anderson, personal communication, 

2019). Because of the complex nature of the NGSS, it is imperative that both content and 

response process validity evidence are brought to the fore and carefully examined. The NGSS 

are three-dimensional, more complex, and require higher levels of cognition to meet the 

performance expectations. Therefore, the traditional data used to validate large-scale assessments 

will not provide the evidence necessary to create a validity argument about what students know 

and can do in science. 

Evidence Based on Test Content  

“For educational achievement tests...validity evidence based on test content validity will 

represent the foundation of any validity argument” (Sireci & Faulkner-Bond, 2014, p. 106). To 

gather validity evidence based on test content, the relationship between the knowledge, skills, 

and abilities being measured and the content of a test must be analyzed. In this case, the 

construct measured by the State of Michigan science assessment is students’ knowledge and 

abilities related to the Michigan K-12 Science Standards. I am defining content validity as the 

degree to which the content of a test is congruent with testing purposes. Within validity evidence 

based on test content, there are four types.  
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First, the domain definition provides a bridge between the theoretical construct and the 

concrete content of a domain (Sireci, 1998). In Michigan, a modified Evidence Centered Design 

(Mislevy & Haertel, 2003) approach was used to define the domain and gain external consensus 

from a group of independent experts in the field to help develop and evaluate the test 

specifications (Sireci & Faulkner-Bond, 2014). Second, subject matter experts are employed to 

determine the extent to which the assessment fully and sufficiently represents the targeted 

domain. Third, subject matter experts are asked to rate the degree of alignment or the extent to 

which test items are relevant to aspects of the test specifications. Fourth, the appropriateness of 

the test development process is considered (Sireci & Faulkner-Bond, 2014).  

Evidence Based on Response Process  

For any assessment argument of student learning, assessors need data on student actions, 

such as their response to tasks, to judge the strength of the claim (Pellegrino et al., 2001). This 

calls for theoretical and empirical analyses of the response processes of the test taker. These 

analyses can provide evidence concerning the fit between the construct and the detailed nature of 

the performance or response engaged in by test takers and can be extended to include judges or 

observers of the test.  

Response process data comes from analyses of individual responses. Asking a diverse 

group of test-takers about their performance strategies or responses to items can provide data to 

enrich the definition of the construct. Response process information can influence the 

interpretation of test scores for subgroups. Because assessments often rely on observers or 

administrators, evidence about the extent to which the processes of observers or judges are 

consistent with the intended interpretation of scores is important (NCME/APA/AERA, 2014). 
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Justification for this Research 

Given the need for valid large-scale NGSS-aligned assessments, the research presented 

here focuses on the following research questions: 

1) To what extent do the clusters developed using Michigan Cluster Development 

Process align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended 

dimensions? 

What follows in this dissertation includes an overview of the process used in Michigan to 

develop the science clusters used for this research, the methods used to collect and analyze data, 

the findings of said data analysis, and a discussion of these findings, including implications for 

the science assessment field.  
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CHAPTER 3: MICHIGAN CLUSTER DEVELOPMENT PROCESS 

 

In this section, I describe the decisions made leading to the structure of the new Michigan 

science assessment. I address the process for forming cluster writing teams, and the decisions 

leading to the development of clusters for the 2017 Michigan Science Pilot Test. Two of these 

clusters are the subject of this research project.  

Topic Bundles  

To determine the blueprint and specifications of the new science assessment for 

Michigan, the Michigan Science Assessment Advisory Committee (Advisory Committee) was 

formed. This group, consisting of science education researchers, state assessment specialists, and 

assessment contractors, was gathered to determine the goals and structure of the new science 

assessment for the State of Michigan. Researchers brought forward empirical studies regarding 

assessment design and implementation and state assessment specialists discussed considerations 

with respect to testing time, budget, and political considerations. The Advisory Committee 

decided to utilize the “cluster” structure as recommended by the SAIC Assessment Framework 

(CCSSO, 2015). The idea of clusters builds on the recommendations of the BOTA Report (NRC, 

2013) to group items together to coherently assess the complex performance expectations in a 

manner that forefronts phenomena. Each cluster includes set of five to eight items based on a 

common stimulus that is written to assess all dimensions of the selected standards.  

Assessment contractors discussed the implications of using cluster as the base unit for 

assessments. The initial focus of the meeting was to determine how the NGSS performance 

expectations, which Michigan adopted as the Michigan K-12 Science Standards (MSS) would be 

assessed (example Figure 2.1). It was quickly determined that creating a group of items to assess 
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each performance expectation would result in too many clusters for a once-a-year state 

summative assessment. The Advisory Committee agreed that the performance expectations 

should be “bundled” to facilitate assessment via a single natural phenomenon or engineering 

problem that is presented within a stimulus (SAIC, 2015). The SAIC (2015) suggested that one 

approach is bundling the performance expectations to intentionally utilize one of the three 

dimensions that crossed different performance expectations. For example, performance 

expectations could be bundled by common Science and Engineering Practices (SEPs). Therefore, 

two performance expectations with Developing and Using Models as the SEP would be bundled 

leaving differences in Disciplinary Core Ideas (DCIs) and Cross Cutting Concepts (CCCs). The 

rationale for this approach was to leverage common dimensions to lessen the task requirements 

for the students. Similarly, suggestions to bundle performance expectations by DCIs or CCCs 

were considered.  
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Figure 2.1. Example of Performance Expectation from nextgenscience.org. 

Ultimately, the Advisory Committee decided to utilize the structure of topic bundles as 

presented in the MSS for the state assessment. The MSS is structured using the “topic” format of 

the NGSS (2013). Each topic bundle consists of multiple performance expectations, which are 

grouped together based on a particular science topic. For example, in middle school, one topic 

bundle, Energy, is categorized in the Physical Science domain and includes five PEs (Figure 

2.2). 
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Figure 2.2. Middle School Energy Topic Bundle. 

Utilizing the topic bundle structure posed promises and challenges. By bundling multiple 

performance expectations, the shared dimensions could be leveraged to reduce the number of 

tasks required to assess the whole of the topic bundle. Additionally, utilizing the existing 

structure of the adopted document for the MSS did not require clarification to stakeholders 

regarding bundling of performance expectations for the state assessment. The most daunting 

challenge, however, was determining a process to ensure all the dimensions included in a topic 

bundle were assessed within a single cluster. Table 2.1 outlines all the dimensions that are part of 

the middle school Energy topic bundle to illustrate this point. Within this topic bundle there are 

no common SEPs. However, all the performance expectations include the DCI PS3.A, three 

performance expectations contain PS3.B, and one instance each of PS3.C and ETS1A-B. 

Moreover, two of the CCCs are represented in two different performance expectations. 

Therefore, when this cluster is reduced to only one of each unique dimension, there are twelve 

unique components instead of fifteen. Leveraging this reduction of unique assessable dimensions 

or elements of dimensions in a large-scale assessment context provides the opportunity to assess 

more efficiently on various components of the performance expectations. In Michigan, we 
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consider The Framework, the NGSS performance expectations, the assessment boundaries and 

clarification statements found in the NGSS, and the learning progression information found in 

Appendices E, F, and G of the NGSS.  

Figure 2.3 illustrates how the dimensions of each performance expectation are assessed in 

the items of a cluster. Each of the SEPs, DCIs, and CCCs are integrated with one another 

regardless of the structure of the original performance expectation. For example, item three 

integrates PS3.A, SEP 6, and CCC 3 in a three-dimensional assessment item. However, none of 

the performance expectations are written with those three dimensions together. The flexibility in 

this assessment design allows for the MSS to stay true to The Framework (NRC, 2012) which 

intends for all the practices and crosscutting concepts to be applied to any core idea depending 

on the phenomena or problem in question.  
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Table 2.1 

Example Topic Bundle: Middle School Energy 

Standard Science and Engineering 
Practice 

Disciplinary Core Idea Cross Cutting Concept 

MS-PS3-1 4. Analyzing and interpreting 
data 

PS3.A 3. Scale, proportion, and 
quantity 

MS-PS3-2 2. Developing and using 
models 

PS3.A; PS3.C; 
ETS1.A-B 

4. System and System 
Models 

MS-PS3-3 6. Constructing explanations 
and designing solutions 

PS3.A; PS3.B 5. Energy and Matter 

MS-PS3-4 3. Planning and carrying out 
investigations 

PS3.A; PS3.B 3. Scale, proportion, and 
quantity 

MS-PS3-5 7. Engaging in argument from 
evidence 

PS3.A; PS3.B 5. Energy and Matter 

 

 

Figure 2.3. Example Topic Bundle to Cluster Map. 

Cluster Writer Recruitment  

After deciding on the structure of the assessment, we needed to determine a way to 

recruit qualified writers to develop the clusters. First, the concept of research-practice 

partnerships (Coburn et al., 2013) influenced the decision for both practitioners and researchers 
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to be involved in the Michigan cluster writing process. For the clusters to represent the true 

nature of the Framework (NRC, 2012), teachers are needed to understand the implications of 

assessment tasks on students in varying grade levels and contexts. Therefore, practitioner 

expertise is a crucial element of the process. Additionally, the foundational research and 

theoretical knowledge possessed by educational researchers is essential to bring forward the 

intricacies and intent of the Framework (NRC, 2012). By pairing these professionals throughout 

the process, a wealth of knowledge can be shared and utilized to develop meaningful clusters. 

Teachers (active classroom science teachers or science curriculum consultants) and researchers 

(science education graduate students or professors of science education) interested in becoming 

cluster writers were screened using an application to determine their teaching experience and 

exposure to NGSS professional development opportunities. The purpose of the screening was to 

ensure that all participants had prior knowledge of the NGSS and were familiar with the structure 

of the standards. After screening, teachers and researchers were surveyed to determine their area 

of expertise (i.e., Earth Science, Physical Science, Life Science, and Engineering) and grade 

level to determine which topic bundle would best fit their knowledge and expertise.  

Following, one teacher and one researcher were paired to create a cluster writing team 

(writers). Writers were grouped by grade level (Grades 5 and 8) and each grade level group 

learned how to design one cluster over the course of one week. Table 2.2 summarizes the cluster 

writer participants and the number of topic bundles addressed during the five 2016 Cluster 

Workshops. It was intended for teachers and researchers to be paired in every instance, however, 

over time, the pool of researchers available was less than the number of teachers available. In 

some cases, teachers who had participated in the cluster workshops during a previous week 

returned and were paired with a new teacher to act as the mentor. Many of the researchers 
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participated in multiple weeks of the workshop thereby adding to the percent returning noted in 

Table 2.2.  

Table 2.2 

2016 Cluster Writing Participants 

Grade Level Teachers Researchers % Returning Topic Bundles Addressed 
Grade 5 10 8 17% 9 
Grade 8 12 8 25% 11 
Grade 11 21 9 47% 15 

 

Structure of Cluster Writing  

Much of the initial thinking around training teachers and researchers to write clusters for 

the state stemmed from collaboration with the State of Washington. After contacting many states 

that had adopted the NGSS, Washington was one of the few states where teachers were involved 

in all aspects of the item development. Educator involvement is an important part of how 

Michigan designs their assessments as well. After observing Washington’s cluster writing 

process, many of the tools and resources were adopted to suit the needs in Michigan. The 

Washington State Science Assessment Consultants paved the way for Michigan to engage in 

developing new science assessments by sharing their work.  

Each cluster writing workshop occurred over the course of one week consisting of five 

days of intense cluster design work (Appendix A). The overall goals were to train teachers and 

researchers to unpack the NGSS topic bundles to determine what evidence students should be 

able to provide that would substantiate a claim about what they know and can do in science. The 

teacher-researcher teams completed one cluster that contained tasks designed to elicit evidence 

of students three-dimensional thinking centered on investigating phenomenon and designing 

solutions to problems.  
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Resources Available to Cluster Writing Teams 

In order to develop the clusters, we provided writers with several different resources: an 

item pool, unpacking process and documents, the Framework (NRC, 2012), the NGSS and 

supporting documentation, and ample feedback loops. Next, I describe each of the resources and 

processes. 

Item Pool  

Working together with the Advisory Committee, we offered writers access to item pools 

from various research projects that developed two- or three-dimensional items in various science 

domains. The item pool was collected and organized by a team of graduate and undergraduate 

students and then made available to the cluster writer teams for reference and use in the 

development process. The item pool was a crucial tool in determining what two- and three-

dimensional items look like along with providing examples of phenomena. 

Unpacking Process 

Understanding all that is contained in the NGSS poses challenges for teachers and 

researchers. One of the resources utilized to help writing teams think through the information 

contained in the topic bundles was the unpacking process developed the Next Generation 

Science Assessment Project (NGSA, 2016; Appendix B). Built on the principles of ECD 

(Mislevy & Haertel, 2017), the prompts encourage science educators to unpack the content to 

understand all the complexities involved with a particular topic bundle. Writing teams described 

evidence one might need from a student to support a claim that the student could demonstrate 

their understanding of a topic bundle or parts of it. This way, when writing teams developed the 

tasks, they had the target evidence in mind. This process helps to support a claim about what the 

ability of the item to elicit specific aspects of what a student knows and can do with respect to a 
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topic bundle. The writing teams worked through documents that pushed them to think about the 

underlying elements in each of the three-dimensions, what previous knowledge students may 

possess, specific vocabulary that is necessary for communication of understanding, the 

progression of learning that would occur overtime, and more. Such documents included the 

Framework for K-12 Science Education (NRC, 2011), the Next Generation Science Standards 

(States, 2013) including Appendices E, F, and G, the American Association for the Advancement 

of Science Project 2061 Science Assessment Topics (AAAS, 2017), and STEM Teaching Tools 

(Research and Practice Collaboratory, 2016).  

While the unpacking process can seem tedious and overwhelming, especially when 

unpacking an entire topic bundle, the process offers teachers and researchers the time and tools 

needed to really dig into the NGSS and understand their complexity. The unpacking process is an 

essential step in the item writing process because ideas about instruction and assessment stem 

from understanding what the NGSS entail.  

Role of Phenomenon and Stimulus  

Defining a phenomenon is a difficult endeavor. Several scholars and researchers have 

attempted to define a phenomenon for instruction for the three-dimensional science standards. 

Creating a working definition of phenomenon was an essential part of cluster design. In 

Michigan, we began with the generalized definition: “a natural event that is observable and 

repeatable” (Krajcik, personal communication, 2016). However, even this simplistic definition 

was difficult for teachers and researchers to grasp when it came to microscopic phenomena that 

are not always directly “observable” or behaviors that are not always “repeatable” due to 

uncontrollable variables. Therefore, the working definition of phenomenon that grew out of the 

cluster development process is “something someone can observe and wonder how or why it 
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happens” (Policy capturing process, Summer 2016). After using the unpacking process, writing 

teams would brainstorm four to six phenomenon that would apply to their topic bundle. These 

phenomena were shared among the larger group where discussion would weed out the 

phenomena that may not be as strong as others. Content and assessment specialists provided 

feedback on phenomena that may pose equity, bias, or sensitivity issues on a large-scale 

assessment. Eventually, after collaborative discussion, the writing teams decided on one 

phenomenon that would best suit their topic bundle. 

After deciding the phenomena, writing teams determined the manner in which the 

phenomenon could be presented to students on a large-scale assessment so that all students 

would have access to the phenomenon. One way that the writing teams discussed doing this was 

to identify the phenomenon and then begin with “Once upon a time, students were….” This 

“story lining” process helped writing teams develop several contexts or stimuli that were 

relatable and interesting for students. Again, through collaborative feedback and careful 

consideration, the writing teams determined which stimulus held the most promise for the 

development of a full cluster.  

Item / Task Types  

An essential part of large-scale assessment writing is understanding the item types 

available for the assessment as well as common equity issues developers observe. The state 

contractor, Data Recognition Corporation (DRC), is currently responsible for training Michigan 

item writers on “bias and sensitivity” and the item types available within their system. The DRC 

science consultant led the description of these item types while describing the affordances and 

constraints of each item type. This was especially important when demonstrating technology-

enhanced (TE) item types, which are different from the typical, multiple choice or constructed 
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response item types that many assessments utilize. Technology-enhanced item types range from 

multi-select items, where students must choose more than one correct answer to a question, to 

drag and drop items, where students move graphics or text into a predetermined space to respond 

to a question.   

The equity portion of the training focused on bias and sensitivity issues and Universal 

Design features that must be considered on large-scale assessments. Writing teams were taught 

to look for issues around race, gender, regionalism, religion, socioeconomic status, physical 

disability, and others. Additionally, writing teams were made aware of ways they can 

intentionally design tasks to be inclusive of all students using common, relatable phenomenon 

and by including engineering tasks. Writing teams were actively challenged from the beginning 

of the week to think about how to give students similar experiences through the crafting of the 

stimulus that does not advantage one child over another. 

Draft Stimulus Share  

Throughout the week, several opportunities were given for writing teams to discuss the 

development of the stimuli prepared for the clusters with peers and consultants. The feedback 

offered within and among teams provided writing teams the opportunity to reflect on the 

engagement, vocabulary, equity, and necessity of the information within the stimuli.  

Item Templates and Alignment Tools  

Once the writing teams were ready to write the individual tasks within the cluster, item 

templates were used and adapted to help guide their process. The item templates included the 

specifics of task ordering, dimension alignment, and the assessment claim provided by the task 

design that would supports claims about students understanding of the stated dimensions. The 

assessment claims written by the writing teams are essential to verifying the alignment of each 
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cluster. Additionally, writing teams developed their own tools to track alignment. During the 

second week of writing, one group designed a matrix used to map the items within the cluster 

and the elements of the dimensions to which they aligned (Appendix C). This Cluster Mapping 

Tool was utilized by every writing team moving forward as a verification of assessment and 

alignment for all dimensions of the topic bundle.  

Research and Practice Collaboratory Tools  

The Research and Practice Collaboratory (Penuel, Bell, et al., 2016) offered many 

resources and insights for the Michigan item development process. The STEM teaching tools 

developed by the Research and Practice Collaboratory were also utilized in the process. STEM 

Teaching Tool #41 – Prompts for integrating Crosscutting Concepts into Assessment and 

Instruction (Penuel & Van Horne, 2016) and STEM Teaching Tool # 30 - Integrating Science 

Practices into Assessment Tasks (Van Horne et al., 2016) were valuable resources as the writing 

teams worked to craft tasks for the clusters. These resources were used both as a reference and as 

a way to ensure that the SEPs and CCCs were being explicitly assessed.  

Peer and Content Review  

Built into the initial week of cluster development is dedicated time and protocol for both 

small and large group content review. After working on their clusters for two and a half days, 

writing teams would be paired with another team with similar content focus (i.e., the teams 

working on life science topic bundles would be paired). The writing teams shared their cluster 

and receive feedback from their partner group. This early feedback session gave writing teams 

the opportunity to “try out” their stimulus and tasks with another group to determine if there 

were flaws in either the content or storyline of the cluster. Each group was given one hour to 

present their work and receive feedback. Specific protocol was followed which allowed for 
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groups to focus on grade appropriate content, engaging phenomenon, and task alignment to the 

NGSS. After the peer feedback was received, the writing teams revised their clusters. The 

following day, the revised clusters were then presented by a facilitator (science education 

assessment consultant) and reviewed by a larger group. In this content review, a similar protocol 

was followed as with the peer review by all participants. After feedback was gathered by all 

writing teams, the teams revised their clusters to prepare for submission.  

Policy Capturing Process  

A policy capturing process (a method used by researchers to assess how decision makers 

use information when making evaluative judgements – Zedeck & Kafry, 1977) was utilized to 

collect data and determine some of the item specifications and requirements for the grade levels 

and clusters (Aiman-Smith et al., 2002). Throughout the process of cluster design, the writing 

teams encountered questions that puzzled or stumped them. These questions were added to the 

“Questions / Decisions” board for later discussion. At the end of each day, the whole group 

discussed the “Questions / Decisions” made for the day. On the last day of the week, any 

remaining “Questions / Decisions” were discussed and recorded. For example, the grade 11 

writing teams learned that there were several different opinions in the group regarding the use of 

calculators and formulas. While some writing teams thought that fundamental mathematical 

equations were fair for the science assessment, applicable under the SEP of Computational and 

Mathematical Thinking, others expressed their concern for the focus on memorization of a 

formula at the expense of conceptual understanding. These discussions helped the Michigan 

Department of Education (MDE) determine some of the item specifications for the new science 

assessments. 
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Cluster Refinement 

Internal Revisions and Graphics  

After the clusters were submitted by the writing teams, the content specialists (state and 

vendor), worked through each cluster line by line to prepare the clusters for the test engine. 

Graphic artists from MDE utilized the graphic descriptions provided by the writing teams to 

create original graphics for the clusters. Once the cluster was prepared in the test engine, a live 

version of the cluster could be reviewed and interacted with online. 

Committee Review Process 

Fully developed clusters are required to be reviewed by educator committees with diverse 

membership that may include state education agency staff, state educators, trained assessment 

specialists (e.g., district administrators or test coordinators), content specialists, and curriculum 

developers. Review panels should consider cluster length, readability, format/style, typography, 

content, vocabulary, sentence complexity, concept load or density, and cohesiveness (SAIC, 

2016).  

To heed the advice of the SAIC, equity (bias and sensitivity) experts were chosen based 

on their areas of expertise in visual impairments, English language learners, hearing 

impairments, urban school settings, and other special education learning situations. For each of 

the grade levels 5, 8 and 11, five Equity Review Committee members reviewed the three 

interactive clusters. One goal of equity review is to allow the committee members to see and 

interact with the cluster as if they were the student. Therefore, student facing clusters were 

presented through the contractor’s test engine in the same manner as the students’ experience. 

First, the Equity Review Committee engaged with the cluster as if they were a student. Next, 

each member presented written comments as feedback regarding each stimulus and item in the 
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cluster. All the comments populated a spreadsheet in which the facilitator (science education 

assessment consultant) could read and review all the feedback. Finally, the facilitator reviewed 

the feedback with the Equity Review Committee members as a whole and documented 

consensus notes. Over the course of a day, the Equity Review Committee provided feedback 

regarding any biases or sensitivity issues identified within the clusters. These consensus notes 

were then used to make revisions on the clusters following the review process. 

The Content Review Committee worked in a similar manner. Science education experts 

(researchers, teachers, and curriculum coordinators) worked in groups of six to review the three 

(Grade 5, 8, and 11) grade-level specific clusters in the online test engine. Like the Equity 

Review Committee, the Content Review Committee engaged with the clusters as if they were 

students, provided written feedback, and engaged in discourse about the feedback as a whole 

group with the guidance of a facilitator. Because of the in-depth nature of the three-dimensional 

clusters, Content Review Committee occurred over the course of two days. The consensus notes 

from the Content Review Committee also influenced revisions to clusters following the review 

process.  

Internal Revisions 

Following the committee reviews, the clusters were sent back to the content specialists 

(state and vendor) for revisions. These revisions reflected the comments provided by both 

committees. Graphics, wording, and task types were revised based on the feedback from the 

committees. Following, the clusters were once more rendered the interactive test engine. 

Internal Review  

The final layer of review for the clusters was an internal review by the state’s English 

Language Learner specialist, English Language Arts specialists, Mathematics consultants, and 
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assessment editors. Here, fine grain edits were made to each item within the clusters to ensure 

accessibility to the largest group of students possible. Following this final review, the clusters 

were moved to production in the testing engine enabling students to participate in the pilot test. 

In summary, the process used by the State of Michigan to develop clusters for the large-

scale science assessment provides important contextual information to better understand the 

research presented here. Next, I present the methods used to gather evidence about the extent to 

which two of the clusters developed through this process were aligned with the claims of the 

writers.  
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CHAPTER 4: RESEARCH DESIGN AND METHODS 

 

Study Overview 

The purpose of this qualitative dissertation study is to answer the following research 

questions: 

1) To what extent do the clusters developed using Michigan Cluster Development 

Process align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended 

dimensions? 

These research questions are important because ultimately, for the Michigan State Science 

Assessment, the goal is to provide students opportunities to demonstrate their proficiency in 

three-dimensional science. Exploring what dimensions of science understanding students draw 

on to respond to specific items will help to better understand what the items are measuring and 

what claims can be made about students’ science proficiency. In addition, using evidence of 

students’ engagement with the items can allow insights into how design decisions translate (or 

not) into the ability to elicit two- and three-dimensional science understanding from students in a 

state-level science assessment. 

Study Design 

This is a qualitative study in which I used think-aloud interviews (also called cognitive 

labs) to understand the extent to which participants used the three dimensions (i.e., disciplinary 

core ideas, science and engineering practices, and crosscutting concepts) to respond to the items 

designed using the process described in Chapter 3. I compared an external review of the cluster 
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alignment (Task Annotation Project in Science [TAPS], described below) with the outcomes 

from cognitive lab data analysis and the analysis of the text.  

Participants 

Participants for the cognitive labs were identified via convenience sampling (Gall et al., 

2007). I used both professional and social networks to seek volunteers for the study. A parental 

consent form was used (Appendix F) to obtain parental/guardian consent for each participant. 

This process yielded ten students in Grade 5 and nine students in Grade 8. The students were in 

the western, central, and eastern areas of southern Michigan (Table 4.1). 

Table 4.1 

Demographic Characteristics of Grades 5 and 8 Participant Sample 

Characteristics Grade 5 Sample Grade 8 Sample 

  n % n % 

  Female 5 50 5 56 

  Male 5 50 4 44 

Grade Level         

  Grade 5 3 30 - - 

  Grade 6 7 70 - - 

  Grade 8 - - 3 33 

  Grade 9  - - 6 67 

Race/Ethnicity         

  African American 6 60 2 22 

  Asian - - 1 11 

  Haitian - - 1 11 

  Hispanic - - 1 11 

  Hispanic/Indian 1 10 - - 
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Table 4.1 (cont’d) 

  Mixed Race 1 10 - - 

  Caucasian 2 20 4 44 

Language         

  ELL - - 3 33 

  Non-ELL 10 100 6 67 

Region         

  Southern east 4 40 - - 

  Southern central 6 60 2 22 

  Southern west - - 7 78 

 

Data Collection  

The methods used for this study stem from the work of protocol analysis by Ericsson and 

Simon (1993) and verbal analysis from Chi (1997). Think-aloud protocols for cognitive labs 

(Conrad et al., n.d.) were a critical part of the data collection and were developed for this 

research in conjunction with the MDE as part of the validation efforts for the new state-wide 

science assessment: the Science M-STEP. Think-alouds, or verbal protocols, are a research tool 

in which participants are asked to complete a task while verbalizing their thinking out loud. The 

focus that verbal analysis has on learning is appropriate for the context of this research. Chi 

(1997) argues: 

the goal of the method here is to attempt to figure out what a learner knows (on the basis 

of what a learner says, does, or manifests in some way, such as pointing or gesturing) and 

how that knowledge influences the way the learner reasons and solves problems, whether 

correctly or incorrectly. Thus, the trick is to analyze the learner's utterances (in the case of 
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verbal data) to capture the knowledge that might underlie those utterances and do so in a 

way that is not subjective; therefore, it needs to be quantifiable in some ways. (p. 3) 

Think-alouds will never include every thought of the participant but do provide some insight into 

their processes for solving tasks (Ericsson & Simon, 1993). The think-aloud protocols that I used 

in this study (Appendix D) were designed with some additions to the typical think-aloud process 

to elicit students’ explanations for their answers and their associated reasoning. For example, the 

think-aloud protocols asked the participants to verbalize their responses but then the researcher 

asked, “Why did you answer that way?” or “Tell me more about your response.” While 

interview-like interjections can change performance on the assessment (Beatty & Willis, 2007), 

in order to get the most information about how students interacted with the clusters, fusing 

protocol analysis with verbal analysis was appropriate. 

The cognitive lab data were collected between May and October 2019. Of the nine 

clusters developed for the 2017 M-STEP Science Pilot, one Life Science cluster in Grade 5 and 

one Physical Science cluster in Grade 8 were chosen as the focus of this dissertation. The 

clusters were initially written in the summer of 2016 and developed for the Spring 2017 test 

administration period. However, both clusters used for this study were released to the public as 

sample clusters, which is why they were chosen for this study. Data collection took place in 

schools in three regions of the state (see Table 4.1). Within each, the participants and I were 

provided a semi-private location where each participant could focus on the task with little 

distraction. For each cognitive lab, the protocol was used as a guide; however, deviations from 

the protocol occurred when I thought that more information from the participant was necessary, 

resulting in a hybrid procedure between a think-aloud and an interview. I gained permission from 
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each participant to begin audio recording the cognitive lab and took field notes during the 

cognitive lab. 

Data Processing 

The cognitive lab data was stored in password protected digital format. To process the 

data, I initially transcribed each cognitive lab using speech-to-text software. I did a second round 

of listening to audio files and made modifications to the transcripts to ensure accuracy of the 

transcription. Each transcription file was filed by grade level and participant code. 

Coding 

I used Chi’s (1997) steps for verbal analysis in coding and analyzing the data. 

Specifically, the transcripts were segmented by item and then by utterance, making the utterance 

the unit of analysis. I am defining an utterance as an idea unit that includes a full idea verbalized 

by the student.  

Each item was designed to be aligned to two or more dimensions of the NGSS. Thus, I 

examined student responses for evidence of students’ using or not using the intended dimensions. 

To develop codes, I first used the unpacking documents from the Next Generation Science 

Assessment project (NGSA; Krajcik, n.d.) to clearly define what evidence of each of the 

dimensions might look like. The rationale for using these unpacking documents stems from the 

initial design of the items. In Chapter 3, I described the cluster development process, which 

included unpacking using the resources adapted from the NGSA project, as described in Harris 

and colleagues (2019). Using the last table in the unpacking documents, Evidence for Each 

Component of the Practice / Cross Cutting Concept, I adapted this verbiage for coding the 

components of DCIs, SEPs, and CCCs found in the students’ responses.   
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I then engaged in iterative rounds of developing, applying, and refining my coding 

scheme. I looked for patterns in the ways students were engaging with the dimensions and 

worked to refine the codes to capture and represent these patterns. In the final round of codes, I 

developed a coding rule for each SEP and CCC present in the items. These coding rules cut 

across items and informed how I coded any item aligned with the SEPs or CCCs (Table 4.2). 

These coding rules allowed me to make claims about dimensions overall rather than having 

idiosyncratic definitions of dimensions for each item. I used the rules to ensure that the codes 

were orthogonal, meaning that they were not dependent on each other. For example, a student 

could get a code for a CCC even if the DCI was not evident in their response. The overarching 

rules for the SEPs and CCCs are shown in Table 4.2. 

Table 4.2 

Overarching Coding Rules 

Dimension Overarching Rule 

CCC Cause and Effect Student states a relationship between two occurrences where one occurrence 
leads to the other (or needs the other to occur). The language should include 
linking words such as “because,” “and then” (but just having a linking word is 
not sufficient to get a code of “present” - the linking words have to link the 
occurrences). If there is a sequence of intermediate events that link the cause and 
effect, the student states some intermediate events. 

SEP  Modeling Grade 5: 
Student state connections/interactions between components of the model (where 
all components are given). For this item, the “arrows” are what is counted as 
“modeling” because the arrows represent mechanisms by which ….So language 
for “arrows” could include “leads to” “causes” “and then” .... 
The description of what the arrow means does not have to be scientifically 
accurate (e.g., does not need to say “reflect”) 
 
Grade 8: 
The limitations portion of the question (Part B) is the focus of the modeling SEP 
in this item.  
 
Limitations: 
Students must say more than the limitation option they picked. They must 
explain what is missing in the model that would cause the limitation to be valid 
or explain why they chose the limitation. 
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Table 4.2 (cont’d) 

SEP Argumentation Evidence: Students must indicate that they are using (1) evidence given in the 
item, (2) evidence from prior knowledge or (3) information from other sources 
within the item cluster. The evidence does not need to be correct.  
 
Reasoning: Students must indicate that they are explaining connections between 
the evidence and the claim. The reasoning does not need to be scientifically 
accurate, but it must be clear that they are attempting to make a connection 

SEP Analyzing and 
Interpreting Data 

Students state patterns and relationships in the data and describe why they are 
meaningful to the investigation question.  
Language indicating patterns or relationships could include: 

● Quantitative or qualitative description of change presented in data (just 
indicating a “change” happened is not enough) 

Language for describing why the data is meaningful could include: 
● Identifies relationships: Students analyze the data to identify patterns 

(i.e., similarities and differences), including the changes 
● Interpret the data about the changes 
● Students use data to determine whether a change occurred 
● Students support their interpretation of the data by describing that the 

change  

SEPa Constructing 
Explanations 
and  
Engaging in 
Argument from 
Evidence 

Evidence: Students must indicate that they are using (1) evidence given in the 
item, (2) evidence from prior knowledge or (3) information from other sources 
within the item cluster. The evidence does not need to be correct.  
 
Reasoning: Students must indicate that they are making connections between the 
evidence and the claim. The reasoning does not need to be scientifically 
accurate, but must be clear that they are attempting to make a connection 
NOTE: Same as Argument from Evidence in Grade 5 Item 5 

aDue to the Claim, Evidence, Reasoning item format used for questions assessing these 
SEPs, the overarching coding rule was also the same. 

 

For the DCIs, I defined how the DCI would be coded item-by-item. Table 4.3 shows 

some examples of how I defined the DCI codes. See Appendix E for a complete list of codes. 
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Table 4.3  

DCI Coding Definitions 

 
DCI: PS4.B: An object can be seen when light reflected from its surface enters the eyes. 

How the DCI is coded in this item: Student states that light must be present for the plant to be seen AND that light must 
reflect off the plant (Ref) AND that light must enter the eye after reflecting off the plant (Eye).  
The language for “reflect” can include 

●  “directs,”  
● “bounces off of,”  
● “goes back,” 
●  etc 

Code as 0: 
● If only the flashlight and seeing the plant is mentioned  
● If the order or causal mechanism are incorrect 

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

DCI: LS1.D: Different sense receptors are specialized for particular kinds of information, which may be then 
processed by the animal’s brain. 

How the DCI is coded in this item: Student states the eyes are sense receptors that take in light information (Sns) AND 
that light information taken in by the eyes is processed in the brain (Brn).  
The language for “sense” can include 

●  “feel,”  
● “take in,”  
● “notice” 
●  etc 

Code as 0 when.  
● If only the eyes are mentioned.  
● If the order or causal mechanism are incorrect.  

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

DCI: LS1.A: Plants and animals have both internal and external structures that serve various functions in growth, 
survival, behavior, and reproduction. 

How the DCI is coded in this item: Student states that the pupil regulates the amount of light entering the eye as a function 
to promote growth, survival, behavior, and reproduction. In this item, this is only seen with some phrases that indicate the 
function of the pupil is to regulate light due to the body’s response system. 

● For example: “eyes hurt when the lights come on” 
● “The muscles in the eyes make the change…”  
● “Pupil needs to open to process light” 
● “The pupil’s diameter doesn’t have to open” 

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

DCI: PS1.B.2: The total number of each type of atom is conserved, and thus the mass does not change.  

How the DCI is coded in this item: The student must reference to the number of atoms in the final substance 
Non-codable:  

● If the student repeats the answer options or the prompt verbatim  
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When creating orthogonal coding rules for some items, it was difficult to separate out the 

dimensions because of the overlap in wording or meaning of the paired dimensions. For 

example, when the SEP Analyzing and Interpreting Data was paired with the CCC Patterns, there 

was no way to code the students’ responses for one of these dimensions without coding for the 

other. Therefore, I made the decision to make a combined SEP/CCC code. This happened for 

three items in Grade 5 Items 1, 3 and 4) and 3 items in Grade 8 (Items 3, 4, and 5). (See 

Appendix E for full codebook).  

Coding Examples 

Table 4.4 provides an example of the codebook for a single item that was aligned with a 

DCI and CCC (see Appendix E for the full codebook). The DCI for this item (PS4.B: An object 

can be seen when light reflected from its surface enters the eyes) had two potential codes 

indicating that: (a) a student mentioned reflection and (b) that students mentioned that light has 

to enter the eyes for something to be seen. In the example student responses, I crossed out the 

part of the transcript when students just read part of the item. In bold, I include the part of the 

transcript that provides evidence for the component of the DCI. For example, for the reflection 

code, the student said, “Because if you shine light on something from a flashlight, it’s going to 

reflect off the plant…” indicating they were using their understanding of reflection to answer the 

question.  

For the crosscutting concept of cause and effect, there were also two potential codes: (a) 

students explicitly linked between a cause and effect and (b) students explicitly provided an 

intermediate step between the cause and the effect. An example of a student response coded for a 

link between a cause and effect is, “the students are able to see where the plant is because of the 
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flashlight” indicating evidence that the student was linking the flashlight as the cause for being 

able to see (the effect). 
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Table 4.4 

Grade 5 Item 1 Codebook Sample 

 
DCI: PS4.B: An object can be seen when light reflected from its surface enters the eyes. 

Code Definition Example 

Ref Reflection of light off the 
surface of an object. States that 
light must be present for the 
plant to be seen and the light 
must reflect off the plant 

(510) P: Student reads option A - no I don’t think so 
P: Student reads option B and C 
P: Student reads option D. Well I think that is right. Do I just 
click…. 
R: Why do you think D is the right answer? 
P: Because if you shine a light on something from a flashlight, 
It's going to reflect off the plant... Well the thing. And then you 
can see it. 

Eye Light enters the eyes for 
objects to be seen. States that 
light must enter the eye after 
reflecting off plant for plant to 
be seen 

(53) P: I think they're able to see the plants now because the light 
is reflecting off of their eyes To the plant so they can see it. “Once 
the plant produces its own light the students can observe for the 
plant. Once the plant absorbs all the light from the flash light the 
students can observe the plant. The light from the flash light is 
reflected off the student eyes and then back to the plant. The light 
from the flash light is reflected off the plant and then enters the 
student eyes.” I'm going to say D.  
R: D? Can you tell me why you answered that way? 
P: The light reflects into their eyes and then they can see the 
plant.  

CCC: Cause and Effect: Cause and effect relationships are routinely identified 

Code Definition Example 

Lnk Includes a link between a 
cause and an effect  

(52) I think it’s D because while she’s pointing at the plant there’s 
a flashlight pointing at the plant. And the students are able to see 
where the plant is because of the flashlight. 

Seq 
 

Includes Lnk code and a 
sequence of intermediate 
events that link the cause and 
effect  

(51) The light hits the plants and it directs to your eyes. So I think 
it would be D because the plants into the student’s eye because of 
the flashlight’s light that is given to the plant. It can direct to 
your eye. 

 

A science education expert with knowledge of NGSS was recruited to participate in 

interrater reliability. Early versions of coding had 75% agreement for all items. For all 



 

48 
 

disagreements, coders met and came to a decision for all the codes and adjusted the codebook to 

reflect the final agreements. For the final version of coding, 20% of responses were double 

coded. Interrater reliability was calculated by looking for agreement for coding of present or 

absent for all codes relevant for a given item. The final interrater reliability was 92.6%. All 

disagreements were discussed and adjudicated, and examples were entered in the codebook to 

clarify decisions.  
Cognitive Lab Data Analysis 

Verbal analysis as defined by Chi (1997) “is a methodology for quantifying the 

subjective or qualitative coding of the contents of verbal utterances. In verbal analysis, one 

tabulates, counts, and draws relations between the occurrences of different kinds of utterances to 

reduce the subjectiveness of qualitative coding” (p. 2). In applying verbal analysis, I first used an 

analysis question to find and make sense of the patterns within and across items. Which items are 

discriminating students who chose the correct response from students who chose the incorrect 

response as evidenced by having codes for specific dimensions? I constructed frequency tables 

for each item - looking for patterns in codes both within and across dimensions based on whether 

students selected the correct response. I looked for evidence of elicitation of each dimension. I 

defined elicitation as the item’s ability to provide opportunity for students to use knowledge of a 

dimension regardless of whether they choose the correct or incorrect response. From the coding 

pattern indicating elicitation is that the majority of students have a code for the dimension 

independent of their answer choice or that students who got the answer correct have codes for the 

dimension while the students who chose the incorrect response did not, linking elicitation and 

discrimination. 
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Additionally, the items were examined for discrimination—“an index of an item’s 

effectiveness at discriminating those who know the content from those who do not” (Tobin, 

2018). In this study, I defined discrimination as the item’s ability to separate students who know 

a particular dimension by choosing the correct answer from those who do not know that 

dimension evidenced by choosing the wrong answer. From the coding perspective, the pattern in 

codes is that students who got the item correct were more likely to have the code for that 

dimension than student who got the item incorrect. For example, if all students who selected the 

correct response had codes for a DCI, while students who did not get the item right did not have 

codes of the DCI, this data supports the claim that the item discriminated for the DCI. Therefore, 

an item was said to discriminate for a particular dimension when the students who chose the 

keyed response demonstrated evidence of using the targeted dimension and those who chose a 

non-keyed response did not provide evidence of the targeted dimensions or used a dimension 

incorrectly. While patterns are not always as neat as this—I looked for trends in the codes to 

make final claims about elicitation and discrimination by determining that if the majority of 

students (51% or more) had a code for a particular dimension, then the item elicited or elicited 

and discriminated based on the definitions described above. Finally, I looked across items to 

identify characteristics of items that discriminated students who chose the correct response from 

students who chose the incorrect response as evidenced by having codes for specific dimensions 

to determine if patterns arose throughout the clusters.  

In the findings chapter, I provide information for Grade 5, Items 1–5 and Grade 8, Items 

1–5. I did not include Grade 8, Items 6 and 7, because the claims I could make from those items 

did not add to my evidence due to the items’ inability to elicit or discriminate based on any 

dimension. 
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TAPS Data Analysis 

The data from the Task Annotation Project in Science (TAPS; Achieve, 2019) was used 

as a secondary data source to provide information about whether items elicited and discriminated 

for specific dimensions. TAPS employed a diverse set of experts to identify features of three-

dimensional assessment tasks across multiple domains and grade levels. Part of the TAPS project 

was to analyze released state science items and tasks using the Science Task Screener (Achieve, 

2018) developed for the project. The Task Screener contains four criteria: (a) Tasks are driven by 

high-quality scenarios that focus on phenomena or problems, (b) Tasks require sense-making 

using the three dimensions, (c) Tasks are fair and equitable, and (d) Tasks support their intended 

targets and purpose. Using the TAPS methodology, released sample statewide summative 

assessment items from 8 states were reviewed and annotated (Appendix H). Both the Grade 5 

and Grade 8 clusters from Michigan were reviewed. Each of the clusters was reviewed by 3 

expert reviewers using the Task Screener and facilitated group consensus conversations. 

The item-level TAPS information was used as the secondary piece of alignment data. Each item 

was evaluated by the TAPS reviewers regarding the necessity of the claimed dimensions, the 

extent to which those dimensions were represented in the item, and the role of the dimensions 

and the item in sensemaking about the phenomenon. (See full list of questions in Appendix I).  

The TAPS analysis data came in the form of a spreadsheet that included sections for 

evaluations of the scenario, individual questions, and the task overall. I focused on the section for 

the individual questions. Within this section there are three categories: Category A: High-quality 

phenomena and problem driven; Category B: Sense-making using the three dimensions; and 

Category C: Connection to assessment purpose. Within each of the categories, several indicators 
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are applied to the item. For this research, I focused on the indicators in Category B but included 

information from Category A and C for context (Appendix G).  

Category B is divided into four groups of indicators: B1) The task requires students to 

demonstrate grade appropriate SEP element(s); B2) The task requires students to demonstrate 

grade appropriate DCI element(s); B3) The task requires students to demonstrate grade 

appropriate CCC element(s); and B4) The task requires students to integrate multiple dimensions 

in service of sense-making and problem solving. For each indicator question, the reviewers 

responded with Yes, No, or N/A and were provided the opportunity to explain their rationale.  

The document containing the consensus information was used for this research. After 

synthesizing the TAPS data, I crafted summary tables for each item (Appendix I) to analyze in 

comparison to the cognitive lab findings. Each table contained a column labeled Strengths to 

highlight the assets of the item found by the TAPS reviewers and a column labeled Opportunities 

for improvement. These tables were compared to the findings of the cognitive labs for each item. 

For example, for Grade 5, Item 1, the cognitive lab findings indicated evidence of both the DCI 

and the CCC. However, the TAPS analysis concluded that the DCI was required by the item, but 

the CCC was not. In instances where the cognitive lab data and the TAPS data do not agree, I 

explore the findings to determine why there is disagreement. 

Researcher Stance 

I come to this work as a white female from the U.S. I was raised in a conservative 

religious family and was afforded the opportunity to attend parochial schools throughout my K-

12 education, including boarding school for my high school years. While education and love of 

learning has always been fostered within my family, my passion for teaching first manifested 

through the arts, as a dance teacher. My experiences in traditional classroom education began as 
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a second career as I moved from the Food and Beverage Industry to Education for familial 

purposes as a single mother. I moved into my science education career through South Carolina’s 

transition to teaching program, Program of Alternative Certification for Educators (PACE). This 

program allowed me to maintain full-time employment as a middle school science teacher while 

earning my teaching credentials in the state of South Carolina.  

My teaching context was a small sea island school, which has a rich history in the Civil 

Rights Movement. As a new teacher, I struggled to connect with my predominately African 

American students and parents. Over time, I realized that my struggles were due to my lack of 

awareness about the cultural contexts in which my students were embedded. Over the years, I 

began to center my students in the classroom and value their voices, experiences, and culture. 

When I left classroom teaching to pursue a PhD in education, my research interest was to 

develop effective ways to bridge the research–practice gap. I learned that one way to bridge the 

research-practice gap is through assessment literacy. Assessment literacy is defined as 

understanding the process of gathering information about diverse student learning to inform 

education-related decisions (National Task Force on Assessment Education for Teachers, 2016). 

For teachers to better understand assessment design decisions, purposes, and intent of various 

assessments, assessment literacy is necessary for educators. Therefore, by empowering teachers 

to understand and take part in assessment decisions in Michigan, research regarding assessment 

becomes available to teachers.  

My role as a researcher in this study was that of a participant observer—a researcher who 

is also an active part of the research context. During cluster development and cognitive labs, I 

was the primary facilitator of the work. During my research, I was employed by the Michigan 

Department of Education to develop a state assessment for the new Michigan K-12 Science 
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Standards that met validity, usability, and budget constraints. Therefore, the need to produce a 

specific type of assessment product could have influenced design decisions, iterations, timing, 

and other factors that impact this research. The clusters, which are the focus of this research, 

were among the first set of those designed for state-level testing in Michigan and across the 

nation. Because of these uncharted waters, these items were part of that learning endeavor. 

Therefore, I acknowledge that I was an integral part of the learning community, and I cannot 

separate myself from the research context and must be conscious of the benefits and drawbacks 

of engaging as a participant observer throughout the course of the research. I may have made 

decisions that are good for the assessments but may not have been beneficial to my research 

agenda. As my aim was to build three-dimensionally aligned clusters that provide an opportunity 

for all students to demonstrate their understanding of the standards, I acted accordingly. 

In the following chapter, I present the findings for the Grade 5 and Grade 8 item clusters 

using the methods described here. 

 

 

  



 

54 
 

CHAPTER 5: FINDINGS 

 

This chapter contains the findings based on the methods and data analysis described in 

Chapter 4. These findings will seek to answer my research questions: 

1) To what extent do the clusters developed using Michigan Cluster Development Process 

align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended 

dimensions? 

In this chapter, I will discuss the Grade 5 and Grade 8 clusters. As described in Chapter 3, the 

cluster consists of a stimulus, in one or more parts, and a set of five to eight items associated 

with the stimulus. The clusters were designed to assess one NGSS topic bundle (a group of 

performance expectations). I use the cognitive lab data as the primary source of data to discuss 

item discrimination and elicitation of one or more dimensions and compare these results with the 

TAPS analysis as a secondary data source. To view the full clusters discussed in this chapter, 

please see Appendix D. First, I present items that elicited and discriminated students who chose 

the correct response from students who chose the incorrect response as evidenced by having 

codes for specific dimensions. Next, I present the items that did not discriminate students who 

chose the correct response from those who did not. Finally, I present a summary of the coding 

results for the Grade 5 and Grade 8 clusters respectively. 

Elicitation and Discrimination 

In this section, I describe the items in the Grade 5 and Grade 8 clusters that elicited 

knowledge of one or more dimensions and discriminated between students who chose the correct 

response versus those who chose the incorrect response. There were two items in the Grade 5 
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cluster (Items 1 and 3) and one item in the Grade 8 cluster (Item 5) that clearly elicited 

dimensions and discriminated based on one dimension.  

 
Figure 5.1. Grade 5 Item 1. 

Item 1 (Figure 5.1) asks students to consider the mechanism for the plant to be seen after 

the teacher shined a flashlight on it. Each of the distractors provides common misconceptions 

students may have about this mechanism. The correct response, option D, taps into the concepts 

of reflection of light and light entering the eyes. This item was designed to assess the DCI, 

PS4.B, and the CCC of Cause and Effect. 

There were four codes developed for this item (see Table 4.2 and Appendix E). The DCI 

codes focused on two components of the DCI: (a) Light must be reflected off of an object to be 

seen, and (b) light must enter the eyes for the object to be seen. Examples of the application of 

these codes can be seen in Table 4.2. The bolded phrases indicate the section of the transcript 

that was considered the utterance for the code. The two CCC codes focused on two components 

of cause-and-effect relationships: (a) any indication linking a cause and effect or (b) indication 

that the student included an intermediate event between the cause and effect. These codes were 

used regardless of whether the cause-and-effect reasoning was scientifically correct.  
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Table 5.1 

Grade 5 Item 1 Coding Patterns 

Studenta DCI 
 

CCC 

 Ref Eye Lnk Seq 

51 X X X X 

52   X  

53  X X X 

56 X X X X 

59   X  

510 X  X X 

54   X X 

55     

57   X  

58     
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Table 5.1 shows the overall coding patterns for student responses to Item 1. All the 

students who answered the question correctly provided a response that was coded for one or both 

aspects of cause and effect. Additionally, four of six students who chose the correct response 

demonstrated their knowledge of one or more aspects of the DCI in their response. Conversely, 

only two of four students who answered incorrectly had a response that was coded for cause and 

effect, and none of these students’ responses indicated an understanding of the DCI. Based on 

my criteria for elicitation described in the methods chapter, this item elicits students’ 

understanding of the DCI as is evidenced by codes for the DCI for students who answered the 

item correctly. The item also elicited evidence of students’ cause and effect reasoning shown by 
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students’ responses having codes for cause and effect for all students who answered correctly 

and two of the four who did not.  

Table 5.2  

Grade 5 Item 1: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI is required to answer 
the question and is grade appropriate. The DCI is used 
in service of sensemaking.  

The information in the scenario is not necessary to 
answer the question. The stated CCC is not measured 
in the item and very little reasoning is required. 
Overall, the item does not assess what it is intended to 
assess.  

 

Based on my criteria for discrimination, these findings show that this item discriminates 

for the DCI because the majority of the students who answered correctly provided evidence of at 

least one portion of the DCI. The item elicits but does not discriminate based on the CCC 

because while all the students who answered correctly provided evidence of the CCC, half of the 

students who answered incorrectly also provided evidence of the CCC. Overall, the patterns 

suggest that the item elicits and discriminates based on the DCI dimension. 

The TAPS analysis agrees with the cognitive lab findings about the DCI, concluding that 

a substantial part of the DCI is required to answer the question. However, the TAPS analysis 

concluded that the CCC was not necessary to answer the question (Table 5.2), while my analysis 

suggests that the CCC is necessary to answer the item correctly (i.e., all students who got the 

item correct had codes for the CCC) but it is not sufficient to answer the item correctly (i.e., 

some students who had codes for the CCC without the DCI answered the question incorrectly).  
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Figure 5.2. Grade 5 Item 3. 

Item 2 (Figure 5.2) asks students to model the path of light that would allow the plant to 

be seen. The students are provided all the components of the model and must select and move 

each component into the appropriate box. The correct response, plant - eye - brain, taps into the 

concepts that light reflects off of objects and then enters the eyes, and then information is 

processed by the brain in order for us to see. This item was designed to assess all three 

dimensions: (a) DCI: PS4.B and LS1.D; (b) SEP: Developing and Using Models; and (c) CCC: 

Systems and System Models. 

There were seven codes developed for this item (Table 5.3). The four DCI codes were: 

(a) light must be reflected off of an object to be seen; (b) light must enter the eyes for the object 

to be seen; (c) eyes are sense receptors specialized for light information; and (4) information is 

processed by an animal’s brain. The three SEP codes for modeling indicate the number of arrows 

the student explained in their verbal response. Because the model provided all of the 

components, the coding focused on the students’ explanation of the arrows between the 

components of the model. Examples of the application of these codes can be seen in Table 5.3. 

The brackets indicate parts of the student response that were coded for an arrow. As explained in 
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the Chapter 4, it was not possible to build a unique code for the CCC Systems and System 

Models that was separate from the SEP Developing and Using Models. Therefore, a single 

SEP/CCC code was used.  

Table 5.3 

Codes for Grade 5 Item 3 

DCI: PS4.B: An object can be seen when light reflected from its surface enters the eyes. 

Code Definition Example 

Ref Reflection of light off the 
surface of an object. 
States that light must be 
present for the plant to be 
seen AND the light must 
reflect off the plant. 

(56) P: First the flashlight goes to the plant and the light bounces off the 
plant into the eyes and then it goes up to the brain so it can process the 
information. 
 

Eye Light enters the eyes for 
objects to be seen. States 
that light must enter the 
eye after reflecting off 
plant for plant to be seen. 

(59)P: Well to see the plant you have to have a plant. 
P: and then once the flashlight turns on, your eyes see it next and then to 
actually process what it is it goes... Like what's happening in your brain. 
Because you can't really see stuff when it's in your brain because you 
can't go through your whole body. 
R: Okay say more about that 
P: if you turn on a flashlight it's not going to go into your skin and like 
through your head into your brain. It has to go through your eyes 
because they're open and they're easier to get into. And then that tracks 
into your brain so that's why I would say like that it goes before the 
brain.  

DCI: LS1.D: Different sense receptors are specialized for particular kinds of information, which may be 
then processed by the animal’s brain. 

Code Definition Example 

Sns Sense receptors 
specialized for 
information. States that 
the eyes are sense 
receptors that take in 
light information 

No examples in student responses  
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Table 5.3 (cont’d) 

Brn Information is processed 
by the animal's brain. 
States that the light 
information taken in by 
the eyes is processed in 
the brain 

(57) P: Because the teacher is trying to reflect the light off the plant and 
then it got into the students’ eyes. And then the brain now tries to 
process it so that it can be looked at in the brain and then you can see  
 
 

SEP: Modeling + CCC: Systems and Systems Modeling 

Students have to explain the arrows, not just point to them. Modeling should not just be pointing to the pictures in 
order because that isn’t evidence that the student is explaining what the arrow represents.  

Code Definition Example (note that brackets indicate what was coded as one arrow) 

1 Includes what one arrow 
represents in the model 

No examples 

2 Includes what two arrows 
represents in the model 

(54)P: So basically you see it with your eyes [and then it goes to your 
brain]/ [and then you see the plant]. I don’t know. Is it the other way 
around? I don’t know if it is the other way around between the eyes and 
the brain 
R: ok so what is make you question that 
P: In order..to like see...cause your brain allows you to see stuff. If your 
blind you basically can’t see stuff. So then something is wrong with your 
brain and you can’t see.  
R: So you are saying that if you are blind there is something wrong with 
your brain? 
P: Isn’t there like some parts...cause your [eyeball is connected to your 
brain]. I think it is the other way around 
Eye, brain, plant 
 
NOTE: Eyeball is connected to your brain is the same “arrow” as “you 
see it with your eyes and then it goes to your brain” 

3 Includes what three 
arrows represents in the 
model 

(56) P: First the [flashlight goes to the plant] and the [light bounces off 
the plant into the eyes] and [then it goes up to the brain so it can 
process the information] 
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Table 5.4  

Grade 5 Item 3 Coding Patterns 

Studenta DCI 
 

SEP/CCC 

 Re
f 

E
y
e 

Sns Brn 1 2 3 

52 X X     X 

55 X X  X   X 

56 X X  X   X 

57 X X  X   X 

59  X  X  X  

510    X  X  

51       X 

53      X  

54      X  

58      X  

a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Table 5.4 shows the overall coding patterns for student responses to Item 3. All the 

students who answered the question correctly provided a response that was coded for one or 

more aspects of the DCI, while none of the students who answered incorrectly provided evidence 

of the DCI. All students provided some information regarding the SEP/CCC; however, the 

students who answered correctly explained more of the connections (arrows) in the model than 

most of the students who answered incorrectly. Based on my criteria for elicitation, these 
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findings show that this item elicits students’ understanding for the DCIs because all the students 

who answered correctly provided evidence of two or more elements of the DCIs. The item also 

elicited evidence of students’ modeling, illustrated by students having codes for modeling for 

students who answered the item correctly.  

Table 5.5 

Grade 5 Item 3: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI is required to answer 
the question and is grade appropriate. The DCI is used 
in service of sensemaking.  

The information in the scenario is not necessary to 
answer the question. The SEP is not measured.  
The stated CCC is not measured. The item requires a 
visualization of the DCI but does not assess the SEP. 
Overall, the item does not assess what it is intended to 
assess. 

 

Based on my criteria for discrimination, these findings show that this item discriminates 

for the DCIs because all the students who answered the item correctly provided evidence of the 

DCIs, while students who answered the item incorrectly provided no evidence of the DCIs. 

However, one element of the DCIs, “different sense receptors specialized for particular kinds of 

information,” was not mentioned in any of the students’ responses. Moreover, the item did not 

meet the criteria for discriminating based on the SEP/CCC because, while all the students who 

answered correctly provided evidence of the SEP/CCC, all students who answered incorrectly 

also provided some evidence of the SEP/CCC. Overall, the patterns suggest that the item elicits 

and discriminates based on the DCI. 

The TAPS findings indicated that neither the SEP nor the CCC is required in this item 

(Table 5.5). However, the cognitive lab data shows that all the students did provide evidence of 

using the SEP/CCC in their responses. Thus, while it is not possible to distinguish students’ use 
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of the SEP from the CCC, my results suggest that students did use modeling (SEP/CCC) when 

responding to the item.  

 

 

 
Figure 5.3. Grade 8 Item 5. 

Item 5 (Figure 5.3) asks students to choose a claim, evidence, and reasoning that best 

explain the temperature pattern seen in the stimulus graph (Appendix D). The students must 

select and move one claim statement, one evidence statement, and one reasoning statement into 

the boxes to construct their response. The correct response is Claim: Energy is transferred from 

each system to the thermometers; Evidence: The temperature was higher at 50 minutes than at 0 

minutes; and Reasoning: Energy was released when iron reacted with the oxygen in the air. The 

distractors provide options for students to choose responses that are not consistent with the given 

data but still provide a logical argument. This item was designed to assess all three dimensions: 

(a) DCI: PS1.B.3; (b) SEP: Constructing Explanations; and (c) CCC: Energy and Matter. 
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There were three codes developed for this item (Table 5.6). The DCI code focused on one 

aspect of the DCI PS1.B.3: Some chemical reactions release energy, others store energy. The two 

SEP codes focus on the evidence and reasoning provided in the students’ verbal response. It was 

not possible to build a unique code for the CCC Energy and Matter that was different from the 

DCI, so a DCI/CCC code was used. Examples of the application of these codes can be seen in 

Table 5.6.  
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Table 5.6 

Coding for Grade 8 Item 5 

DCI: PS1.B.3: Some chemical reactions release energy, others store energy + CCC: Energy and Matter 

Code Definition Example 

Re Students identify that energy is 
released form the system in the form of 
heat 

(87) the claim that I chose is that the energy is transferred from each 
system to the two thermometers and now I'm just trying to think of 
which of the other statements lines up with that. the temperature 
was higher at 50 minutes and it was a zero so that means it took 
longer like in 50 minutes for the temperature to go up.(Re). 

SEP: Constructing Explanations 

Code Definition Example 

Ev Evidence from item cluster: Students 
are drawing on the given data in the 
stimulus or ideas from prior items or 
prior experiences/knowledge to support 
their claim/answer the question. 

(85) Evidence statements. Temperature was higher at 50 minutes 
than at 0 minutes. In which one? There’s two bags. Actually, 50 
minutes it is like 90 degrees. 0 minutes it is like 70 degrees. So 
yeah, that’s not true. That is not true either. 

Rsn Reasoning: students explain how the 
evidence they stated or chose supports 
the claim they stated or chose. (the 
reasoning must go beyond stating that a 
relationship to the evidence exists but 
must attempt to explain the relationship 
(the “why”) 

(83) the energy was released when the hand warmer package was 
opened because the oxygen gets to it as you open the package 
which allows it to kind of heat up and make that chemical 
reaction. 
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Table 5.7 

Grade 5 Item 5 Coding Patterns 

Studenta DCI/CCC 
 

SEP 

 Ce Ev Rsn 

83 X X X 

87 X X X 

81    

82  X X 

84  X X 

85  X  

86    

88  X  

89    
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Table 5.7 shows the overall coding patterns for student responses to Item 5. The two 

students who answered the question correctly provided responses in the cognitive labs that were 

coded for the DCI/CCC, while none of the students who answered incorrectly provided 

DCI/CCC evidence. All the students who answered correctly provided information regarding 

both aspects of the SEP; however, some of the students who answered incorrectly also used the 

SEP. Based on my criteria for elicitation, these findings show that this item elicits students’ 

understanding of the DCI/CCC, shown by the codes for students who selected the correct 

responses. The item also elicited evidence of students’ constructing explanations as is evidenced 

by codes for the SEP for students who answered the item correctly and those who did not. 
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Table 5.8  

Grade 5 Item 5: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer the 
item. A substantial portion of the SEP and DCI is 
required to answer the question and is used in service of 
sensemaking. Multiple dimensions are used together and 
sensemaking or problem solving is required. 

The stated SEP is not measured with the item, rather 
the reviewers suggested Analyzing and Interpreting 
Data was being assessed. They argued that selecting 
options for a CER is not engaging in the cited SEP. 
The stated CCC is not measured. Overall, the item 
does assess what it is intended to assess. 

 

Based on my criteria for discrimination, these findings show that this item discriminates 

for the DCI/CCC because all the students who answered the item correctly provided evidence of 

the DCI/CCC, while students who answered the item incorrectly provided no evidence of the 

DCI/CCC. The item does not meet the criteria for discriminating based on the SEP because while 

all students who answered correctly provided evidence of the SEP, some of the students who 

answered incorrectly also provided some evidence of the SEP. Overall, the patterns suggest that 

the item elicits and discriminates based on the DCI/CCC. 

The TAPS findings indicated that the targeted SEP was not required by the item (Table 

5.8). While there is evidence from the cognitive lab that students were engaging with Claim, 

Evidence, and Reasoning structures, the item type forces students to do so. However, the TAPS 

analysis found that an additional SEP was elicited by the item: Analyzing and Interpreting Data. 

The TAPS findings indicate that the DCI is required by the item. The cognitive lab data also 

supports this finding. The TAPS analysis determined the CCC was not measured whereas the 

cognitive labs were coded such that the DCI and CCC were indistinguishable.  

For these three items (Grade 5, Items 1 and 3; Grade 8, Item 5), the cognitive lab data 

provides evidence that the items were able to elicit students’ understandings or abilities related to 
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the intended dimensions. In addition, the items were able to discriminate between students who 

answered correctly versus those who did not based on the DCI or DCI/CCC dimension. While 

evidence of the SEP and CCC was found in the cognitive lab data, there was not clear 

discrimination on these dimensions between students who answered the items correctly and those 

who did not. Therefore, I cannot claim that the items discriminated on any dimension other than 

the DCI or DCI/CCC.  

Non-Discriminating Items 

Evidence from the cognitive lab data for Grade 5, Items 2, 4, and 5 suggests that these 

items elicited some dimensions but did not discriminate on any dimension.  

Items that did not elicit evidence of the DCI  

Item 2 

 
Figure 5.4. Grade 5 Item 2. 
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Table 5.9 

Grade 5 Item 2 Coding Patterns 

Item 2 

Studenta DCI 
 

CCC 

 Sns Brn Lnk Seq 

54     

55     

56   X X 

58     

51   X  

52   X  

53   X X 

57   X X 

59   X  

510   X  
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 2 (Figure 5.4) elicited but did not discriminate for the CCC based on my criteria for 

elicitation and discrimination. The keyed response, D, foregrounds the eyes as sense receptors 

that allow light information to be processed by the brain. The cognitive labs showed no evidence 

of use of the DCI, and only one of four students who chose the correct response provided 

evidence of the CCC. All of the students who chose the incorrect response (N=6) provided 

evidence of using the CCC. Some of the students’ responses provided insight into their 

misunderstanding of the term “sense” in the keyed answer option. Two examples from students 

who chose the correct response are as follows: “I don’t really think that your eyes can sense 
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light. But if light is processed in your eyes that I feel like it would... I think it would more be B 

because you can’t really sense light. You can’t sense when the light is going to turn on and when 

it’s going to turn off” (p. 59) and “shut your eyes are probably sensed what the thing is or either 

knows” (p. 52). These students used the word sense to mean predict or know, which likely 

informed their choice of an incorrect answer option.  

The four students who answered correctly referenced “everything goes to your brains” (p. 

54); “my teacher showed an example” (p. 55); “it [brain] produces a picture and then sends it to 

the eyes” (p. 56); and “you always see things right away” (p. 58). However, these responses 

provide little insight into the students’ understanding of the DCI. 

Table 5.10 

Grade 5 Item 2: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI is required to answer 
the question and is grade appropriate.  

The information in the scenario is not necessary to 
answer the question. The DCI is not used in service of 
sensemaking.  
The stated CCC is not measured in the item and very 
little reasoning is required. The item did not require 
sensemaking because the response is very close to the 
DCI and could be rote. Overall, the item does not 
assess what it is intended to assess.  

 

TAPS analysis (Table 5.10) concluded that the DCI is required to answer the question, 

whereas the cognitive labs found no evidence of the DCI. Additionally, the TAPS analysis 

concluded that the CCC is not required, where the cognitive labs provided inconclusive data. 



 

71 
 

Item 4 

 
Figure 5.5. Grade 5 Item 4. 
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Table 5.11 

Grade 5 Item 4 Coding Patterns 

Item 4 

Studenta DCI SEP CCC 

 Stf Ev Rsn Lnk 

52  X  X 

54  X  X 

55  X  X 

56 X  X X 

58 X X  X 

59 X X X X 

51    X 

53   X X 

57 X X  X 

510 X  X X 
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 4 (Figure 5.5) elicited but did not discriminate for the DCI, the SEP and the CCC 

based on my criteria for elicitation and discrimination. The item was an evidence-based selected 

response item designed for students to choose a response in Part A and then choose a response in 

Part B that supports their choice in Part A. All of the students’ responses to Item 4 provided 

evidence of the cause-and-effect code for linking, so, based on my criteria for elicitation, I can 

claim that the item elicits, but does not discriminate on the basis of, the CCC. It also does not 

discriminate based on the DCI or the SEP because half of students who answered the item 

correctly and half of those who did not provided evidence of the DCI. Additionally, all but one 
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student provided evidence of the SEP Because the codes for the SEPs and CCCs were designed 

to be independent of the DCI, students could use evidence from the item or previous knowledge 

or experiences regardless of the connection of the evidence to the item stem. Further, if the 

students linked their reasoning statement to the evidence they provided, this was coded as 

reasoning for the SEP. Only two students chose the incorrect response for both Part A and Part 

B. Therefore, a different item type may have provided the opportunity for some students to gain 

more credit for their knowledge. If the items were designed to provide students with partial credit 

for Part A and Part B or designed in a way to be two separate items, we would better be able to 

capture what aspects of the items students are successful with Additionally, four of six students 

whose response was coded for “SEP-evidence” used prior knowledge or experiences as their 

evidence instead of the data given in the stimulus. The item was able to elicit of the CCC Cause 

and Effect. It did not elicit or discriminate for the DCI or SEP. 
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Table 5.12  

Grade 5 Item 4: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer 
the item. A substantial portion of the SEP is required to 
answer the question.  

The SEP is different from the identified SEP. It is 
measured below grade-level and is not used in service 
of sensemaking because students are expected to read 
the graph but do not have to apply any ideas from it. 
The stated DCI is not measured. The stated CCC is not 
measured. Overall, the item does not assess what it is 
intended to assess. 

 

The TAPS analysis (Table 5.12) concluded that Analyzing and Interpreting Data was the 

SEP that was assessed in this item but that it was assessed below grade level. The TAPS analysis 

does not support any claims about the intended SEP Arguing from Evidence. The TAPS findings 

also show that the DCI and CCC is not measured by the item. The cognitive lab findings about 

this item are inconclusive, however, they do suggest that this item elicits (but does not 

discriminate) for the CCC and the SEP.  
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Item 5 

 
Figure 5.6. Grade 5 Item 5. 
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Table 5.13 

Grade 5 Item 5 Coding Patterns 

Item 5 

Studenta DCI SEP CCC 

 Stf Ev Rsn Lnk 

51    X 

52     

56 X  X X 

57     

58 X  X X 

59  X X X 

53    X 

54  X X X 

55     

510    X 
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 5 (Figure 5.6) elicited but did not discriminate for the CCC and did not elicit for the 

DCI or the SEP based on my criteria for elicitation and discrimination. The item used a drag and 

drop functionality and required the students to choose two evidence statements and one 

reasoning statement to support a given claim. Of the four students who answered incorrectly, two 

of them chose both correct evidence statements but the incorrect reasoning statement. The other 

two students who answered incorrectly choose one correct evidence statement. Like Item 4, a 

different item type may have provided students the opportunity to gain more credit for their 
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knowledge. The CCC code is present across most students’ responses but does not clearly 

delineate students who chose the keyed response from those who did not.  

Table 5.14  

Grade 5 Item 5: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer the 
item. A substantial portion of the SEP is required to 
answer the question. A substantial portion of the DCI is 
required to answer the question and is grade appropriate. 
The DCI is used in service of sensemaking. The students 
must connect the data and their understanding that light is 
needed to see. Multiple dimensions are used together. The 
item measures what is intended.  

The SEP is measured below grade-level. The CCC is 
not measured.  

 

The TAPS analysis concluded that the SEP and DCI were required to answer the 

question. However, the SEP was measured below grade level. Additionally, the TAPS findings 

showed that the CCC was not required by the item. The TAPS findings conflict with the findings 

from the cognitive labs. The TAPS findings concluded that the DCI was needed for students to 

respond to the item. The cognitive lab evidence does not support this claim in that only two 

students provided responses coded for the DCI. Furthermore, there is cognitive lab evidence that 

the CCC is elicited by the item.  

Grade 8 

The evidence from the cognitive lab data for Grade 8, Items 1, 2, 3, and 4 suggests that 

these items elicited some dimensions but did not discriminate on any dimension.  
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Item 1  

 
Figure 5.7. Grade 8 Item 1. 
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Table 5.15 

Grade 8 Item 1 Coding Patterns 

Item 1 

Studenta DCI 
 

SEP/CCC 

 Chp 1 2 

83 X X X 

89    

81    

82  X X 

84  X X 

85  X X 

86    

87  X X 

88  X  
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 1 (Figure 5.7) elicited but did not discriminate for the SEP/CCC and did not elicit 

the DCI based on my criteria for elicitation and discrimination. The item was designed as a two-

part item in the form of an evidence-based selected response. Part A requires students to choose 

from two drop down menus to complete the statement correctly. Part B requires students to 

choose the properties that would support their response in Part A. The keyed response, A, is 

supported by the table provided in the stimulus. This item provided cognitive lab data that is hard 

to make sense of because only two students chose the correct response and one displayed 

knowledge of the SEP/CCC and the DCI, while the other student provided no evidence of 



 

80 
 

knowledge of either dimension. The majority of students who got the item wrong used the 

SEP/CCC.  

Table 5.16 

Grade 8 Item 1: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer the item. A 
substantial portion of the SEP and DCI is required to answer the 
question and is used in service of sensemaking. Multiple dimensions 
are used together and sensemaking or problem solving is required. 
Overall, the item does assess what it is intended to assess. 

The stated CCC is not measured. 

 

The TAPS analysis indicated both the DCI and SEP were necessary to respond to the 

item (Table 5.15), but the item does not assess the SEP element at grade level. The TAPS 

analysis concluded that the CCC was not required. This is in contrast with the cognitive lab 

findings that the suggest the DCI was not elicited. Because the coding for students’ responses did 

not distinguish between the SEP and CCC it is difficult to determine whether the cognitive lab 

data and the TAPS data are in agreement. 

  



 

81 
 

Item 2 

 
Figure 5.8. Grade 8 Item 2. 

 

Table 5.17  

Grade 8 Item 2 Coding Patterns 

Item 2 

Studenta DCI 
 

SEP/CCC 

 C 1 2 

81  X  

82  X  

83  X X 

84  X X 

85  X  

86  X  

87  X  

89  X  

88    
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
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Item 2 (Figure 5.8) elicited but did not discriminate for the SEP/CCC and did not elicit 

the DCI based on my criteria for elicitation and discrimination. The item requires students to 

choose from options in two drop down menus to explain the result of the experiment presented in 

the stimulus. All students who answered the item correctly provided some evidence of SEP/CCC 

knowledge, and the student who answered the item incorrectly did not. While this could be 

considered clear data to support that the item discriminates on the SEP/CCC dimension, only one 

student chose the incorrect response. Therefore, there is not enough data to determine if the item 

discriminates on that dimension.  

Table 5.18  

Grade 8 Item 2: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer 
the item. A substantial portion of the DCI is required to 
answer the question and is used in service of 
sensemaking. Multiple dimensions are used together 
and sensemaking or problem solving is required, 
however not at grade level. Overall, the item does 
assess what it is intended to assess. 

The SEP is not engaged at grade level. The stated CCC 
is not measured. 

 

The TAPS findings disagree with the cognitive lab findings. The TAPS findings 

concluded that a substantial portion of the DCI was required to answer the question. 

Additionally, TAPS found that the CCC is not needed to answer the question. 
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Item 3  

 

 
Figure 5.9. Grade 8 Item 3. 
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Table 5.19 

Grade 8 Item 3 Coding Patterns 

Item 3 

Studenta DCI/CCC 
 

SEP 

 Atc Lim 

81 X  

82 X X 

85 X X 

86 X  

87 X X 

88 X X 

83 X  

84  X 

89 X  
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 3 (Figure 5.9) elicited but did not discriminate for the DCI/CCC and SEP based on 

my criteria for elicitation and discrimination. Part A of Item 3 uses a drag and drop item type to 

allow students to complete an atomic-level model of the chemical reaction taking place between 

iron and oxygen. Part B requires students to think about modeling as a practice and choose a 

limitation of the model they completed in Part A. Students who chose the correct response used 

the DCI and CCC. Students who chose the incorrect response also provided some evidence of 

DCI or CCC knowledge.  
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Table 5.20 

Grade 5 Item 3: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer 
the item. A substantial portion of the SEP and DCI is 
required to answer the question and is used in service 
of sensemaking. Multiple dimensions are used together 
and sensemaking or problem solving is required. 
Overall, the item does assess what it is intended to 
assess. 

The application of the DCI is at a low level. The stated 
CCC is not measured. 

 

The TAPS findings indicate that the DCI is required by the item but at a low level (Table 

5.17). Additionally, the TAPS determined that the SEP was required to answer the question, 

however, the CCC is not measured by the item. 

Item 4 

 
Figure 5.10. Grade 8 Item 4. 
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Table 5.21  

Grade 8 Item 4 Coding Patterns 

Item 4 

Studenta DCI 
 

SEP/CCC 

 E 1 2 

81  X  

82    

83 X X X 

85  X X 

86  X  

88  X  

89  X  

84  X  

87  X  
a White shading indicates students who chose the correct response. Grey shading indicates 
students who chose the incorrect response. 
 

Item 4 (Figure 5.10) elicited but did not discriminate for the SEP/CCC and did not elicit 

the DCI based on my criteria for elicitation and discrimination. The item is a hot spot item type. 

Here, the students select two sentences from the similarities column and two from the differences 

column to compare the data provided in the stimulus. All but one student provided evidence of 

the SEP/CCC regardless of whether they chose the correct response or the incorrect response. 

Additionally, only one student provided any knowledge of the DCI.  
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Table 5.22 

Grade 8 Item 4: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer 
the item. The SEP and CCC are both engaged in this 
item. Multiple dimensions are used together and 
sensemaking or problem solving is required. 

The SEP and CCC are not engaged at the appropriate 
grade level. The DCI is not measured. Overall, the item 
does not assess what it is intended to assess. 

 

The lack of DCI evidence in the cognitive labs is aligned with the TAPS findings (Table 

5.20). While the TAPS analysis found that both the SEP and the CCC were measured by the 

item, they were assessed below grade level. 

The pattern tables created for each item provided an overarching look at how the 

students’ verbalized thinking was mapped onto the dimensions intended to be assessed. Many of 

the patterns were hard to make sense of and provided no clear pattern for what dimensions 

students were using to choose the correct response versus the incorrect response. Therefore, it is 

not possible to determine if the items discussed in this section are providing the intended 

discrimination. There may be some factors that impacted the items’ ability to discriminate among 

students. These factors will be discussed in the next section and the next chapter.  
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Item Cluster Analysis 

Table 5.23 

Grade 5 Summary Table 

  Item 1 Item 2 Item 3 Item 4 Item 5 

PS4.B  E/D - E/D - - 

LS1.D  - - E/D - - 

LS1.A -  - - E - 

Modeling 
(SEP/CCC) 

 - - E - - 

Argumentation - - - E - 

Cause and Effect  E - - E E 

E = Elicits, D = Discriminates, - = no evidence 
 

The cluster writing team was given the task to write a cluster that assessed each element 

of the Life Science topic bundle “Structure, Function, and Information Processing” (NGSS, Lead 

State, 2013) at Grade 4. Some of the requirements for this cluster were that each item was to be 

two-dimensionally aligned and at least one item was to be three-dimensionally aligned.  

For the Grade 5 cluster, all the targeted DCIs across the cluster were elicited and 

discriminated by at least 1 item. Additionally, all the SEPs and CCCs were elicited but did not 

discriminate among students who answered correctly and those who did not. There was also 

evidence of embedded dimensions in three of the five items (Table 5.23). 
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Table 5.24 

Grade 8 Summary Table 

  Item 1 Item 2 Item 3 Item 4 Item 5 

PS1.B.1  - - - - - 

PS1.B.2  - - E - - 

PS1.B.3 -  - - E E/D 

ETS1.B - - - - - 

ETS1.C.1 - - - - - 

Analyzing Data E E/D - E - 

Modeling 
(SEP/CCC) 

 - - E - - 

Constructing 
Explanations 

- - - E E 

Designing Solutions - - - - - 

Patterns -  - - E E 

Energy and Matter - - - - - 

E = Elicits, D = Discriminates, - = no evidence 
 

For the Grade 8 cluster, only one of the targeted DCIs was elicited and discriminated 

between students got the item correct and those who did not. Additionally, only one SEP was 

elicited and discriminated between students who got the item correct and those who did not. All 
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other targeted dimensions, with the exception of DCI PS1.B.1, were elicited but did not 

discriminate among students who answered correctly and those who did not.  

Summary 

The data and analysis presented in this chapter serve to answer the research questions: 

1) To what extent do the clusters developed using Michigan Cluster Development 

Process align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended dimensions? 

As noted in Chapter 4, I defined elicitation as the item’s ability to provide opportunity for 

students to use knowledge of a dimension regardless of whether they choose the correct or 

incorrect response. From the coding pattern indicating elicitation is that the majority of students 

have a code for the dimension independent of their answer choice or that students who got the 

answer correct have codes for the dimension while the students who chose the incorrect response 

did not, linking elicitation and discrimination. I defined discrimination as the item’s ability to 

separate students who know a particular dimension by choosing the correct answer from those 

who do not know that dimension evidenced by choosing the wrong answer. From the coding 

perspective, the pattern in codes is that students who got the item correct were more likely to 

have the code for that dimension than student who got the item incorrect.  

The Grade 5 and Grade 8 Item Clusters proved to have some value for eliciting and 

discriminating students based on the DCI dimensions. Three of twelve total items provided clear 

cognitive lab data to support this claim. Other items across the clusters were able to elicit 

students’ knowledge of the three dimensions but did not meet the discrimination criteria.  

  



 

91 
 

CHAPTER 6: DISCUSSION AND CONCLUSION  

 

Discussion of Findings 

The purpose of this research was to determine the extent to which the State of Michigan 

science item clusters elicit evidence of each of the three dimensions of the Michigan K-12 

Science Standards. This chapter includes a discussion of major findings related to the Grade 5 

and 8 clusters, including how alignment is defined for NGSS and how grade-level sophistication 

is considered. Also included is a discussion of the exclusion of the Grade 11 data. This chapter 

concludes with limitations of the study, implications for large-scale assessment, areas for future 

research, and a summary. 

This chapter contains discussion and future research possibilities to help answer the 

research questions: 

1) To what extent do the clusters developed using Michigan Cluster Development process 

align with the Michigan K-12 Science Standards?  

1a) To what extent do these items elicit and discriminate for the intended 

dimensions? 

Overall Findings 

The Grade 5 cluster findings revealed that all of the intended dimensions were elicited 

across the items in the cluster. As seen in Table 5.5, most of the elements were elicited in some 

way. However, only two of the items (Items 1 and 3) discriminated based on the intended DCI 

alignment. The Grade 8 cluster findings (Table 5.18) revealed that all but one DCI were elicited 

by the items. Two items, Item 4 and Item 5, failed to elicit the DCI. One item (Item 5) 

discriminated based on the DCI. 
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Overall, across Grade 5 and Grade 8, items seemed to be most able to elicit DCIs. Items 

that elicited CCCs had closely related DCIs or SEPs, making it difficult to tease them apart and 

make claims about discrimination based on CCCs. Because of this close alignment, items also 

were not able to discriminate based on the SEPs or CCCs between students who chose the 

correct response from those who did not. Based on these overall findings, I will now examine 

three discussion points: (a) Tensions associated with alignment for NGSS large-scale 

assessments; (b) Challenges of large-scale assessment of high school NGSS and rationale for 

excluding Grade 11 data in this study; (c) Limitations of this study; and (d) The implications of 

this study for various aspects of large-scale assessment processes. 

Alignment Tensions 

As a reminder, I define item alignment as the item’s ability to elicit evidence that students 

used the intended dimensions and to discriminate between students who chose the correct 

response versus those who chose the incorrect response. There are two main alignment tensions 

that were identified in this research: embedded dimensions and dimensional density. The 

following sections will describe each tension, summarize the evidence of the tension found in the 

data analysis, and provide considerations and recommendations for dealing with the tensions 

from a large-scale assessment development perspective.  

Tension 1: Embedded Dimensions 

In this section, I present the first main tension that arose when analyzing these items, 

which I have termed embedded dimensions. I define embedded dimensions as a set of 

dimensions used together in the development of an item where two dimensions are so closely 

related it is difficult to separate them out when examining students’ responses to the items. This 

idea of embedded dimensions came up in two main ways: (a) in the cognitive lab data; and (b) in 
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the structure of the codes. After discussing each of these instances, I make sense of these two 

categories by examining the actual language of the dimensions and by using the TAPS analysis. I 

will describe each of these ways that have been revealed through this study and then discuss 

potential reasons. 

Embedded Dimensions in Cognitive Lab Data 

For several items in Grade 5, the cognitive lab data illuminated the issue of embedded 

dimensions. This was evident because every time a students’ response was coded for one 

dimension it was also coded for another dimension – suggesting that the two dimensions were 

correlated in some way. For example, in Grade 5, Item 1, when a student’s response was coded 

for one more aspect of the DCI, it was also coded for both aspects of the CCC. This suggests that 

there was some type of relationship between the DCI and CCC. This pattern also occurred for 

Grade 5, Item 3, where students’ responses that were coded for a DCI also were coded with the 

SEP/CCC code and for Grade 5, Items 4 and 5, where students responses that were coded for the 

DCI were also coded with the SEP and the CCC. These patterns indicate some dependency 

among the dimensions when students were answering the questions. I suggest that these patterns 

may be explained using the concept of embedded dimensions. However, these patterns were not 

present in the Grade 8 data. One reason that I may have found these patterns of embeddedness in 

Grade 5, but not in Grade 8 is because of the way in which dimensions were chosen during item 

design. I discuss this possibility after examining how embeddedness occurred in the coding 

structure. 

Embedded Dimensions in Coding Structure 

The other place where issues of embeddedness occurred was when attempting to develop 

a coding scheme for examining the cognitive lab data. As described in my methods chapter, I 
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attempted to develop codes for each dimension that were orthogonal to each other, meaning that 

coding for one dimension was independent from coding for the other dimensions. However, 

there were two instances when this orthogonal coding was not possible because two dimensions 

were indistinguishable and required a combined code. One example was in Grade 5, Item 3 

which was designed to assess a DCI, the SEP of “Developing and Using Models” and the CCC 

“Systems and System Models.” When working to unpack these two dimensions (see Table 6.1), 

it became clear that any evidence that a student would provide of the SEP would also count as 

evidence for the CCC. There was no way to disentangle these dimensions and thus, I coded 

student responses as either having both the SEP and CCC (i.e., SEP/CCC code) or neither of the 

two. This is evidence of embedded dimensions because it was impossible to separate out the 

dimensions when looking at students’ response. 

Table 6.1 

Grade 5 Item 3: Embedded Dimensions 

SEP: Developing and Using Models: 
Develop and/or use models to describe 
and/or predict phenomena. 

CCC: Systems and System Models: Describe a 
system in terms of its components and their 
interactions. 

Develop and/or use a model to describe Describe a system 

The components (i.e., images) in the model 
(as presented in the item) 

Components (given in the item) 

The arrows in the model (as presented in the 
item) 

Interactions (the arrows in the item) 

 

Embedded Dimensions in Language of the Dimensions 

In this section, I look at the language of the dimensions to help explain embedded 

dimensions and examine how the external analysis (TAPS) was unable to capture embeddedness 
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in their review of the items. As described above, there were instances when both students’ 

responses to certain items and the coding of certain items revealed a relationship between certain 

dimensions to which items were aligned. To further examine this phenomenon of the embedded 

dimensions trends, I examined the language of the dimensions to look for relationships between 

the dimensions to which the items were aligned. As discussed above, patterns in student 

responses to Grade 5, Item 1 appeared to show embeddedness. For this item, the intended 

alignment is to DCI: PS4.B: An object can be seen when light reflected from its surface enters 

the eyes; and CCC: Cause and Effect: Cause and effect relationships are routinely identified. I 

looked for a relationship in the language of these two dimensions (see Table 6.2). In this 

example, I found that the language of the DCI included cause and effect relationships intended 

by the CCC. The DCI states, “An object can be seen when light reflected from its surface enters 

the eyes.” Closer examination of this DCI reveals that [An object can be seen] is the effect, 

[when light is reflected from its surface] is the cause, and [enters the eyes] is an intermediate 

event. This analysis assisted me in determining the relationship between the intended alignment, 

the item design, and the responses that students may provide. Therefore, when students answered 

the item correctly, it was difficult to tease apart students’ use of cause-and-effect thinking as 

separate from the cause-and-effect relationship set forth in the DCI.  

  



 

96 
 

Table 6.2 

Grade 5 Item 1: Embedded Dimensions 

DCI: PS4.B: An object can be seen when 
light reflected from its surface enters the 
eyes. 

CCC: Cause and Effect: Cause and effect 
relationships are routinely identified 

An object can be seen Effect 

when light reflected from its surface Cause 

enters the eyes  Sequence of Events 

 

TAPS Analysis and Embedded Dimensions 

When comparing the TAPS reviews (see Appendix H and the findings chapter) for items 

that I claim have include embedded dimensions, it is clear that there were different perspectives 

on alignment determinations. This relationship between dimensions (i.e., embeddedness) is likely 

the cause of the disagreement between the cognitive lab findings and the TAPS conclusions 

(Appendix H). For example, returning to Grade 5, Item 1, which I found elicited both the DCI 

and CCC (but only discriminated on the DCI), the TAPS analysis found that the DCI was 

required to answer the question but that the CCC was not. These results seem to disagree with a 

portion of the cognitive lab data in that the CCC was coded for every student who answered the 

item correctly. One reason why the TAPS review may have made this determination is because 

of the embedded nature of the CCC within the DCI. To answer the item correctly, there is no 

indicator of cause-and-effect reasoning separate from DCI understanding, the knowledge that the 

item elicits is the same for the DCI and CCC. Therefore, distinguishing the CCC from the DCI is 

impossible. As a result, we would not expect to see unique evidence of the CCC and DCI in 
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students’ correct responses. However, if we consider students’ incorrect responses, there were 

instances where the CCC was elicited, indicating that while this dimension did not discriminate 

students who got the item correct from those who did not, the item did provide students the 

opportunity to use the CCC (i.e., cause and effect reasoning) when interacting with the item. 

There were several other instances where the TAPS analysis found that an item was not 

aligned to one dimension, but I found that, in fact, the item elicited that dimension, but that it 

was embedded in another dimension. Thus, it is important to clarify the role of embedded 

dimensions in large-scale assessment development. 

Discussion of Embedded Dimensions 

When there are embedded dimensions, determining whether an item is eliciting unique 

evidence for both dimensions is difficult. As mentioned earlier, traditional large-scale assessment 

items only had to measure one idea at a time—science content was often assessed separate from 

“inquiry skills” like analyzing data (Alonzo & Ke, 2016). The NGSS requires multiple 

dimensions be used together to figure out phenomena and solve problems. So, an item that 

claims to measure two dimensions but provides the same evidence for both dimensions may be 

problematic to validate. So, in the case of Grade 5, Item 1, which is designed to measure a DCI 

that includes a cause-and-effect statement and the CCC of cause and effect, how do you know if 

the student is using the DCI, the CCC, or both?  

Alonzo and Ke (2016) point out: 

Thus, it is not enough to ask whether a particular assessment includes NGSS content and 

practices (i.e., to match up the assessment framework and/or items from a particular 

assessment with the disciplinary core ideas and practices from the NGSS). Unless 
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students are asked to coordinate the two in explicit and meaningful ways, the assessment 

does not integrate content and practices as intended by the Framework/NGSS” (p. 137).  

This demonstrates the conundrum with NGSS-aligned large-scale assessment. We do not want to 

claim that a test is aligned just by checking off the dimensions used and not considering the way 

in which the dimensions are coordinated. However, when dimensions that perhaps “should” be 

used together in responding to an item have an embedded nature, the validation of the items is 

challenging. 

There are two ways of dealing with this tension of embedded dimensions. On one side of 

the tension, alignment on large-scale science assessment could be defined to mean that each item 

can claim alignment to multiple dimensions even if the dimensions are so closely related the 

evidence is indistinguishable. In this study, item writers did not consider issues of embeddedness 

and the thought that they were able to develop multidimensional items even though the evidence 

for each dimension was not different. Because this was the first round of item writing with the 

MSS, the issue of embedded dimensions was not yet illuminated for writers to consider. If large-

scale assessment were to come down on this side of the tension, it would allow large-scale 

assessment developers to design items that are multidimensional without concern for the 

embeddedness of those dimensions.  

On the other side of the tension, alignment on large-scale science assessment could be 

defined to mean that claims about students’ achievement on the basis of the items should be 

supported with unique evidence for each dimension. If the same evidence counts for multiple 

dimensions, then the item cannot claim to be multidimensional. This appears to be the approach 

taken by the external content reviewers conducting the TAPS analysis. The tension was apparent 

in the disagreement between the results of my data analysis and the TAPS analysis. For example, 
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Grade 5 item 1 was designed to be aligned with both the DCI and the CCC and I found that it 

elicited both dimensions, but only discriminated for the DCI. However, the TAPS analysis 

concluded that the CCC was not assessed by this item.  

The findings of this research illustrate some of the ways item evidence can “count” for 

more than one dimension. For example, some students were engaged in cause and effect thinking 

but, due to the embedded dimensions of the CCC and the DCI, it is difficult to make a claim 

about each dimension separately. On large-scale assessments, developing items with unique 

evidence of each of the dimensions may require the development of more sophisticated item 

types. For example, using constructed response (CR) items could provide opportunities for 

students to demonstrate how and when they are intertwining the dimensions. The drawback is 

that scoring CR items takes human, temporal, and financial resources that are not often allocated 

to state science assessments. Therefore, until the resource allocation changes, large-scale 

assessment developers must partner with psychometricians to develop validity arguments that 

support alignment to multiple dimensions even if the dimensions are so closely related the 

evidence is indistinguishable.  

Recommendations 

While this may not cohere with the assessment philosophy of some developers, my 

recommendation is to reduce the footprint of large-scale assessments and provide more resources 

to develop other parts of the assessment system that can more readily accommodate assessment 

items that provide unique evidence of multiple dimensions and build teachers’ capacity for 

assessment development, analysis, and the associated instructional shifts to build on students’ 

undeveloped scientific understandings. If the ultimate goal remains to improve student learning 

outcomes, then spending precious resources on the classroom and formative assessment end of 
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the Balanced Assessment System for Science (Figure 1.1) would be most beneficial (e.g.; Black 

& Wiliam, 1998; Decristan, et al., 2015). 

Tension 2: Dimensional Density  

The second alignment tension focuses on dimensional density, which I define as the 

complexity of each of the dimensions and the extent to which that complexity can be measured 

in state-level assessments. Because each of the dimensions is distinct, dimensional density can be 

thought of separately for each of the dimensions. It became clear through the cognitive labs, 

examining the language of the dimensions, and comparison to the TAPS analysis that there are 

features of the NGSS and MSS that are difficult to assess within the constraints of large-scale 

assessment. Specifically, there are considerations in each of the dimensions (SEP, DCI, and 

CCC) that may pose difficulties for large-scale assessment. In this concept of dimensional 

density, I think of the SEPs and the DCIs as adding “mass” to the assessment challenge. The 

CCCs add “volume” to the assessment challenge. Therefore, in the following sections, I am 

using the concept of dimensional density to describe these features and discuss their implications 

for science assessment.  

Dimensional Density of SEPs 

 The items did not always reflect the sophistication in SEPs that was expected according 

to the standards. For example, Grade 8 Item 2 was aligned with Analyzing and Interpreting Data, 

which at this grade level means students should be interacting with large data sets, using data to 

identify causal and correlational relationships, or look across data sets to determine similarities 

and differences in findings (Appendix F, NGSS Lead States, 2012). However, in this assessment, 

students only needed to determine that the value provided for the mass of the substance 

increased.  
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The NGSS were developed based on learning progressions (NRC, 2012), which indicate 

the how the sophistication of the SEPs grows throughout the K-12 educational experience. In the 

Grades 5 and 8 cluster, many of the items were determined to be “below grade-level” by the 

TAPs analysis. For example, the TAPS analysis found the SEP, Analyzing and Interpreting Data, 

in both Item 2 and Item 4 in Grade 8 to be below grade level. Ideally, each item would elicit and 

discriminate based on the level of knowledge, skills, and abilities aligned with expectations for 

their grade level. However, designing a forced choice assessment item to meet these criteria is 

considerably more challenging than creating items with lower SEP sophistication. This adds 

“mass” to the assessment design challenge.  

If assessment items are not crafted to elicit the SEPs at the appropriate grade-level 

sophistication, students do not have the opportunity to demonstrate what they know and can do 

in science, and the assessment cannot support the claims about students’ SEPs. While it is not 

impossible, building and scoring items that measure complex reasoning using SEPs will require 

more research and resources than is available at the state level.  

Dimensional Density of DCIs 

The DCIs in the NGSS were crafted with varied depth and breadth. Some DCIs are very 

specific and narrow. For example, PS4.B: An object can be seen when light reflected from its 

surface enters the eyes, is very specific in nature and only applies to a few phenomena. On the 

other hand, LS1.A: Plants and animals have both internal and external structures that serve 

various functions in growth, survival, behavior, and reproduction, is a very broad DCI that can 

be applied to any number of organisms and phenomena. This aspect of dimensional density also 

adds “mass” when crafting assessment items. These two DCIs are very different in grain size but 

may receive the same amount of attention on an assessment. Therefore, a question like Grade 5 
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Item 1 may be able to elicit and discriminate information about the DCI (PS4.B), but a question 

like Grade 5 Item 4 cannot cover all aspects of the DCI (LS1.A).  

This same issue was also present when examining the macro to micro mechanistic 

reasoning that is required by the DCIs in the middle school chemical reactions topic bundle. The 

Framework calls for students in middle school to be able “to relate patterns to the nature of 

microscopic and atomic-level structure – for example, they may note that chemical molecules 

contain particular ratios of different atoms” (NRC, 2011, p. 86). While the options in the force-

choice responses included the word, “atoms,” there is no clear indication that the students 

understood that the atomic make-up of substances determined their characteristic properties as is 

required by the DCI. For example, Student 83 said there was “more stuff inside of there” and 

Student 84 said “because then if it combines with matter, it could possibly get heavier.” Both 

students illustrate that their thinking is still on the macroscopic level, and they are not providing 

evidence of relating to microscopic or atomic-level structures. Therefore, the items analyzed for 

Grade 8 provided little to no opportunity for the students to engage with this DCI at grade level.  

Dimensional Density of CCCs 

The ubiquitous nature of the CCCs produces challenges for capturing students’ 

knowledge and use of CCCs on large-scale assessments. The CCCs are to be woven throughout 

science learning and have been described as a bridge across disciplines, a lens to investigate 

phenomena, the “grammar rules” for science, and many other metaphors (Fick, 2017). While the 

usefulness of the CCCs is not in question, our ability to measure students’ use of CCCs is. The 

“volume” at which the CCCs play a role in developing science assessments presents the third 

aspect of dimensional density. In this study, even without canonical scientific understanding, 
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students were able to use the CCCs. However, using the CCCs and choosing the wrong answer 

was not information that this large-scale assessment could capture outside of the cognitive labs.  

For example, the Grade 8 cluster analysis revealed while Scale, Proportion, and Quantity 

is not identified as a CCC in the Chemical Reactions topic bundle (Grade 8), understanding this 

CCC is important when moving between macroscopic observations of bulk quantities of 

substances and explaining their properties using microscopic reasoning with respect to atomic 

make-up (Chesnutt et al., 2018). Therefore, there seems to be at least one CCC (and I would 

assume there are more) that are essential for students to know and understand to succeed in 

science that are not identified as part of the assessed topic bundle. This poses a challenge for 

large-scale assessment as the construct needs to be defined to measure it. 

Recommendations for Dealing with Dimensional Density 

Developers need to wrestle with whether all dimensions need to be at grade-level or 

whether certain dimensions be below grade level to either highlight another dimension or to 

serve as an on-ramp for students’ interaction with the task. If an entire assessment or cluster is 

too difficult for a portion of the student population, then the assessment or cluster is useless in 

providing information about what students know and can do in science. Using on-ramp items at 

the beginning of clusters can provide access to a larger number of students. Designers may also 

choose to use a less sophisticated form of an SEP to foreground another dimension in an item, 

such as a DCI, so that the evidence elicited by the item is focused on the DCI. These can be 

considered legitimate reasons for lowering the sophistication of one or more dimensions. One 

consequence of this may be that students do not have the opportunity to show the sophistication 

of their knowledge on SEPs across the assessment, yet the assessment designers can still make 

claims about students’ ability to do the SEPs in their specific grade band. Another stance might 
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be that SEPs provide opportunities for students at all levels. Therefore, if scaffolding is needed to 

provide a range of difficulty on a large-scale assessment, the sophistication of the DCI or CCC 

should be varied, not the SEPs. Since the SEPs are written to mirror the practices that scientists 

and engineers do in their professions, it is very difficult to develop forced choice items that 

require students to engage in the complex processes involved with the Science and Engineering 

Practices. Both on-ramping items and foregrounding dimensions in some items are legitimate 

reasons to design an item with below grade level dimensions. 

One consideration for the “on grade-level argument” is the number of items across a task 

that have to be considered “on grade level” for the task to be deemed so. The Achieve Criterion 

indicates the “vast majority of items need to be grade level appropriate” (Achieve, 2017). 

Therefore, assessment developers are required to make a judgement call regarding the number of 

items across an assessment that require “on grade-level” knowledge and skills within the 

multidimensional argument they are making.  

Yet another consideration is the scaffolded nature of the items and tasks. The idea of 

scaffolding comes into play when thinking about the cognitive complexity of the task (Achieve, 

2019). Highly scaffolded items and tasks reduce the extent to which students are “doing 

science.” For example, the items designed to elicit evidence of the SEPs Arguing from Evidence 

and Constructing a Scientific Explanation. Item 5 in both grades were designed to support claim, 

evidence, and reasoning responses from students. However, many of the students interacted with 

the statements as if they were interacting with a multi-select item type or true/false interactions 

instead of using the given phrases to create a scientific explanation. Even though the evidence 

from the cognitive lab found that both of these items elicit and discriminate for their respective 

DCIs, the TAPs findings indicated that the SEPs were below grade level. Therefore, what level 
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of scaffolding is appropriate for large-scale assessments for these SEPs to be considered “on 

grade level?” With the constraints of technology enhanced item types, there may be little more 

designers can do. However, this again highlights a need for constructed response items. 

Constructed response items can provide students the opportunity to show their abilities when it 

comes to both Arguing from Evidence and Constructing Scientific Explanations. Without 

constructed response items, the nature of technology-enhanced item types makes grade level 

appropriate SEPs difficult to attain.  

Assessment developers could argue that the high school DCIs are so complex that it is 

impossible to assess them on a large-scale assessment. Therefore, assessment designers need to 

determine which portions of the DCIs will serve as a proxy for all the standards. This 

determination would provide a more focused set of ideas which the items could assess given the 

restrictions of large-scale assessment.  

Another stance may be that determining which pieces of the DCIs should be assessed on 

large-scale assessment is akin to reducing the standards or choosing priority standards, which is a 

slippery slope and should be avoided at all costs. Indirectly narrowing the curriculum due to 

messaging from the large-scale assessment can have dire consequences for classroom instruction.  

Exclusion of Grade 11 

This research study was originally designed to examine cognitive lab data from Grades 5, 

8 and 11. The data were collected for all three grade levels. After preliminary analysis was 

complete, three main issues, two of which relate to dimensional density, came to light with 

respect to the Grade 11 data, resulting in the decision to exclude the full analysis from this study: 

(a) The DCIs were so complex that the design of the forced choice items provided no evidence of 

DCI elicitation; (b) The restrictive nature of the available item types and design resulted in all 
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SEPs eliciting below-grade level sophistication; and (c) All the participants reported they had 

never had the opportunity to learn Earth Science in their high school coursework. 

The DCIs become increasingly sophisticated throughout the K-12 progression. While this 

sophistication is important for students to understand the major disciplinary ideas in science, the 

depth of the DCIs poses a problem for large-scale assessment design and implementation. The 

grade 11 topic bundle initially examined was Earth Systems, which contains eight DCI elements. 

An example of one element is as follows: 

ESS2.C: The abundance of liquid water on Earth’s surface and its unique combination of 

physical and chemical properties are central to the planet’s dynamics. These properties 

include water’s exceptional capacity to absorb, store, and release large amounts of 

energy, transmit sunlight, and expand upon freezing, dissolve and transport materials, and 

lower the viscosities and melting points of rocks. (NGSS Lead States, 2013) 

Constructing one or two forced choice items to provide adequate evidence of students’ 

understanding of this DCI is difficult, let alone for eight of these DCIs paired with two more 

dimensions. The preliminary cognitive lab data analysis revealed that none of the students 

(N=11) provided evidence of engaging any of the DCIs when responding to the items. Appendix 

I shows the full Grade 11 Cluster.  

Like Grades 5 and 8, the Grade 11 cluster resulted in restrictive item types that did not 

provide students the opportunity to engage with the SEPs at grade level. Within the cluster, 

students are required to use the following SEPs: Developing and using Models, Planning and 

Carrying Out Investigations, Analyzing and Interpreting Data, and Engaging in Argument from 

Evidence. As is the case with the DCIs, the SEPs are expected to grow in sophistication 
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throughout the K-12 science experience. One example of how students are required to engage in 

an SEP is as follows: 

Planning and Carrying Out Investigations: Plan and conduct an investigation individually 

and collaboratively to produce data to serve as the basis for evidence and in the design: 

decide on types, how much, and accuracy of data needed to produce reliable 

measurements and consider limitations on the precision of the data (e.g., number of trials, 

cost, risk, time), and refine the design accordingly. (NGSS Lead States, 2013) 

It is nearly impossible to construct an item, or a series of items, that allows students to 

demonstrate this practice given the current time and technology constraints on large scale 

assessment programs. Small pieces of the practice could be included on forced-choice 

assessments, which is what the item writers attempted to develop for this cluster. However, the 

cognitive lab data revealed that the students were not provided the opportunity to use this or any 

of the three other SEPs at a high school level. 

The third issue presented in the Grade 11 data was that of Opportunity to Learn (Moss et 

al., 2008). At the end of each student’s interview, I asked them a series of questions related to 

their high school science pathway (Appendix I). Among these were questions to learn which 

science courses they had been offered and which courses they had taken or planned to take 

throughout their high school career. All eleven students reported that they had not taken an Earth 

Science course, while only three of them reported having learned about the phenomenon related 

to Atmospheric Changes Over Time in any science course. This poses a problem for the 

reliability of the cognitive lab data. Without a range of learning experience with the science 

content, the data collected can be called into question. 
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As a result of this research, my recommendation is once again that we decrease the 

footprint of large-scale assessment, move valuable resources and assets into building teachers’ 

capacity to build classroom assessment systems that allow for students to dig deeply into the 

NGSS dimensions and provide opportunities for teachers to analyze those assessment to build on 

students’ existing knowledge. Additionally, the opportunity to learn Earth Science specifically in 

high school is something that Michigan schools need to continue to improve. In the recent past, 

most schools offered Biology, Chemistry, and Physics as the main science courses. Now, with 

the adoption of the MSS, schools are starting to weave Earth Science into more traditional high 

school science courses. Without the opportunity to learn Earth Science, the participants fell short 

of standards and assessment expectations, and this lack of knowledge and skills will affect their 

ability to be consumers of scientific information throughout their lives.  

Limitations of the Study 

The clusters used for this study were among those that resulted from the first year of 

development in 2016. Since then, the field of science assessment has grown with a wealth of 

information, tools, research, and criteria to help assessment developers better create science 

assessments (e.g., Achieve, 2018; Campbell et al., 2020; Clark, et al., 2017; Harris et al., 2019; 

Penuel et al., 2019). As these clusters are now five years old, many of the processes used to 

develop them have been iteratively improved over time. Additionally, due to the security of the 

state assessment, the only clusters allowed to be used for this study were those that were released 

to the public. A study that focused on operational (and therefore secure) clusters, may have 

different outcomes due to the layers of iteration the operational clusters undergo. 

Another limitation of this work was the way the cognitive lab data was collected. 

Initially, the study was designed to mimic the cognitive lab protocols used by the Office of 
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Assessment and Accountability at the Michigan Department of Education (Appendix D). Using 

these protocols provided a structure for the researcher to collect the data; however, the data 

collection could have been enhanced if, instead of just using audio recording and field notes to 

document the cognitive lab, the researcher would have recorded the on-screen interactions 

between the student and the cluster along with the students’ gestures and body language. This 

would have provided useful data regarding how students changed their answers throughout the 

interaction, what parts of the screen the students were paying attention to, and more in depth 

understanding of their explanations as is provided by gestures. Collecting this type of data would 

have provided information regarding the cognitive moves students were making as they were 

interacting with the assessment, the range of ways students communicate their understanding, 

and the extent to which the large-scale assessment captures that understanding. 

Additionally, this research did not focus on the clusters holistically; rather, each item was 

analyzed individually. Further research is warranted to determine if there are advantages to using 

a holistic approach versus a disaggregated approach (Deverel-Rico & Furtak, 2021). The quality 

of the phenomenon was not considered in this study, but we know that the quality of the 

phenomenon and a task’s ability to elicit multidimensional thinking from students relies heavily 

on the extent to which the phenomenon is problematized and presented in a way that elicits 

uncertainty from the students (Achieve, 2018). 

Implications 

The implications for this research center around the ways in which large-scale 

assessments are designed and implemented. There are three areas where large-scale assessment 

can learn from this research: (a) Design processes; (b) Products; and (c) Interpretation. 
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Large-scale Assessment Design Processes 

A principled design approach, like the one used in Michigan, offers opportunities to 

design assessment tasks that elicit what students know and can do in science (DeBarger et al., 

2016; Harris et al., 2019). However, these design processes have proven to be most effective in 

the design of classroom formative and summative assessments for NGSS. While large-scale 

assessment designers can borrow from these processes, there seem to be some unique features of 

large-scale assessment for NGSS that need to be considered. First, at any level of assessment, 

capturing and interpreting students’ reasoning and sensemaking is difficult (Alonzo & Ke, 2016, 

Herman et al., 2007; Pellegrino, 2014). Add to that the constraints of large-scale assessment, 

including testing time, limited item type availability, and overwhelming number of students 

participating, designing an assessment for the NGSS three-dimensional standards becomes quite 

a challenge. 

However, the findings from this research may provide more insight to inform design 

processes. First, one of the major findings supports an in-depth look at the tensions of embedded 

dimensions and dimensional density. The unpacking process used for the development of this 

assessment, derived from Harris et al. (2019), did not include consideration of what counts as 

evidence of dimensions when instances of embedded dimensions occur. One recommendation is 

to provide a scaffolded set of questions that would encourage cluster writers to carefully consider 

the pairings of dimensions chosen for each item and implications of the evidence provided by the 

item with respect to embedded dimensions. Finally, policy-capturing conversations (Aiman-

Smith et al., 2002) must occur to determine how much of each dimension needs to be addressed 

in an item for it to serve as proxy for the whole dimension to account for grade-level 

determinations. 
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Large-scale Assessment Products 

Clusters were thought to be the optimal way to assess the NGSS (NRC, 2014; National 

Academies of Sciences, 2017; SAIC, 2015). However, this research revealed that as the 

sophistication of core ideas and practices grow across the grade-levels, the format of the items 

within clusters provide less evidence of students’ understanding of the ideas set forth in the 

standards. The practices require for students to “do” something, while force choice clusters only 

provide the opportunity for students to “choose” something. These two actions are not equal. 

Additionally, the cluster format requires a great amount of scripting in order for the stimulus and 

items to be accessible for all students. The degree to which scripting occurs impacts the cognitive 

complexity of the cluster and thereby impacts the opportunities for students to “do science” 

(Achieve, 2019). One recommendation would be to change the item type availability for large-

scale assessments like those used in Michigan. Examples of innovations in large-scale 

assessment can be found in the NAEP-TEL and the PISA where students are required to engage 

in reasoning with science ideas as described in the Framework (Pellegrino, 2013). By designing 

item types that include simulations, animations, multimedia-based tasks, and open-ended 

response options, the large-scale assessment product can provide more opportunities to capture 

students’ knowledge and abilities in science. 

Large-scale Assessment Interpretation 

It has been clearly stated that assessments must be designed and implemented only when 

a clear purpose for the assessment has been set forth (NCME/APA/AERA, 2014). When 

considering the implications for interpretation of large-scale assessment data, we must consider 

the extent to which the assessment design and resulting product provide an opportunity for those 

analyzing the data to draw conclusions about what students know and can do in science and what 
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that means for science programmatic implementation. Essentially, the assessment provides an 

argument that should be supported by the resulting data. Therefore, can an assessment, like the 

one presented in this research, provide the evidence necessary to support claims about what 

students know and can do in relation to the MSS/NGSS? One recommendation is to decrease the 

dependency on large-scale assessment data by increasing efforts to develop and use NGSS-

aligned assessments throughout the assessment system. This recommendation is aligned with the 

BOTA report (NRC, 2013) 

Conclusion 

This research set out to determine the extent to which large-scale assessment clusters 

aligned with the NGSS standards in Michigan by collecting cognitive lab data from students 

interacting with the large-scale assessment. The findings indicate that clusters can elicit the three 

dimensions; however, the extent to which the clusters elicit dimensions is dependent on the 

pairings of dimensions, the available large-scale assessment item types, and the scaffolding 

designed into the cluster. The implications for this work include changes to design processes to 

include careful pairings of dimensions, and ensuring students have the opportunity to interact 

with constructed response item types to show their abilities. Future work stemming from this 

research can include scaling up of cognitive labs to determine if the findings in this study are 

generalizable across student populations and states, in-depth studies regarding which large-scale 

assessment item types are better suited to elicit evidence of the dimensions, and studies regarding 

the design processes for large-scale assessment.  
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APPENDIX A: CLUSTER WRITING WORKSHOP AGENDA 

 

Day Activity Description Learning Goal for ICW teams 
Monday Training 

 
Michigan Assessment Update Understand the history and 

process of the State of Michigan 
Science Assessment and the 
implementation timeline for the 
new science assessment. 

New Michigan K-12 Science  Understand that the new 
Michigan K-12 Science 
Standards are the performance 
expectations from the NGSS 
formatted in the Nov. 2015 
adoption document. 

Standards Structure Review the three-dimensional 
nature of the performance 
expectations. 

Evidence Centered Design Understand the rationale of using 
ECD to inform the overarching 
process for developing claims for 
the assessment.  

Topic Bundles Understand the structure of the 
performance expectations being 
used for the state assessment. 

Clusters Understand the structure of 
assessment tasks they will be 
designing. 

Item Pool Utilize existing assessment items 
as models for three-dimensional 
questions. 

Unpacking Begin a domain analysis of the 
topic bundle to understand the 
Disciplinary Core Ideas that 
must be assessed. 

Writing Phenomenon Brainstorm Understand the characteristics of 
an anchoring phenomenon for 
use on large-scale assessments 
and determine several options for 
phenomena that can be explained 
by the content of their assigned 
topic bundle. 

Stimulus Draft Understand the relationship 
between phenomenon and 
stimulus and the characteristics 
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of a good stimulus. Create a 
stimulus to drive the cluster. 

Tuesday Training Bias and Sensitivity Training Understand the equity issues 
associated with large-scale 
assessment and determine ways 
of developing items that are fair 
for the targeted population of 
students. 

Item Type Training Understand how to utilize the 
various item types in order to 
elicit evidence from students in 
the task design process.  

Writing Unpacking Continue a domain analysis of 
the topic bundle to understand all 
of the elements that must be 
assessed. 

Cluster Outline Begin development of the cluster 
including the story line, the 
stimulus, and item types 
designed to assess the topic 
bundle. 

Item Templates Understand how to use to the 
item templates to present item 
types and make alignment of the 
item explicit while stating the 
evidence that the task elicits to 
support a claim about what 
students know and can do in 
science.  

Wednesda
y 

Writing Cluster writing Continue development of the 
cluster including the story line, 
the stimulus, and item types 
designed to assess the topic 
bundle. 

Peer 
Review 

View and provide feedback on 
one cluster developed in same 
domain 

Exchange feedback with another 
ICW team to gain perspective on 
the extent to which the cluster 
assessed the intended topic 
bundle. 

Thursday Writing Incorporate feedback from peer 
review into cluster 

Utilize feedback from peer 
review to enhance and further 
develop cluster. 

Content 
Review 

View and provide feedback on 
all clusters in domain 

Exchange feedback with other 
ICW teams to gain perspective 
on the extent to which the cluster 
assessed the intended topic 
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bundle. Make policy-capturing 
decisions to influence future 
cluster development and item 
specifications. 

Friday Revise Make revisions to cluster  Utilize feedback from content 
review to enhance and complete 
development of cluster. 

Submit Submit final draft of all stimuli 
and items to MDE 

Complete a cluster for use on 
Michigan Science Assessment. 
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APPENDIX B: UNPACKING DOCUMENT TEMPLATES 

 

Unpacking the Disciplinary Core Idea 

 1. Select the Disciplinary Core Idea 
 
 

 
 
 

2.  What are the main ideas that are 
present in the grade band endpoints? 
 

 
 
 
 
 
 

3. What are the main ideas that are 
present in each element?  

 
 
 

What additional ideas are critical for the 
learner to understand? 
 
 
 
 
Element = the bullets in the foundation 
boxes 

 
 
 
 
 
 
 
 
 
 

4. What	is	the	intended	meaning	of	
each	element	of	the	core	idea? 

	
	
	

• Is	there	one	idea	or	several	
separate	ideas	in	the	statement?	
	
	
	

• What	terminology	is	explicitly	used	
in	the	core	idea?	
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Unpacking the Core Idea 

5. Define Boundary condition 
 
 
• What	peripheral	ideas	or	terms	are	

not	essential	for	understanding	the	
core	idea?	

 

 
 
 
 
 
 
 

6. Describe Prior-Knowledge 
 
• What	other	knowledge	and	skills	

(both	from	this	topic	and	from	other	
topics)	do	students	need	in	order	to	
achieve	an	understanding	of	this	core	
idea? 

 

 
 
 
 
 
 
 

7. Describe Student Challenges 
 
• Are	there	any	commonly-held	ideas	

that	differ	in	important	ways	from	the	
scientifically	accepted	understanding?	
	
	
	

• What	methods	can	be	used	to	
determine	students’	current	
understandings?	
 

 
 
 
 
 
 
 
 
 
 
 
 

8. Brainstorm Phenomena 
 
• What	phenomena	would	provide	an	

example	of	this	disciplinary	core	
idea?	

 

 
 
 
 
 
 

Adapted from: The Next Generation Science Assessment project is a collaboration among Michigan State 
University, SRI International and the University of Illinois Chicago with Concord Consortium and is funded by the 
National Science Foundation under Grants 1316903, 1316908, and 1316874. Any opinions, findings, and 
conclusions or recommendations expressed in this document are those of the author(s) and do not necessarily reflect 
the views of the National Science Foundation. 
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Unpacking of Science and Engineering Practices 

1. Describe the Science and Engineering 
Practice. 

 
What are the essential components of 
this practice?  
 
 
 
 
What possible intersections might there 
be with other practices? 
 
 
 
Components = Bullets in Foundation 
Boxes 

Science and Engineering Practice: 
 
 
 
Components of the SEP: 
 
 
 
 
Intersections with other Practices: 
 
 
 

2.  List the knowledge and skills needed 
by students in order to successfully 
perform the practice. 

 
What knowledge and skills do students 
need to use in order to show that they 
can perform the practice? 
 
 

Knowledge and Skills for Performing the Practice: 
 

3. Identify the evidence that you would 
expect to see for each component of 
the practice. 

 
What is a high level of performance that 
you would expect to see for each 
component? 
 
 
 
What are the different levels of 
performance for each component? 

Evidence for each Component of the Practice: 
  
 
 
 
 
 
 
 
 
 
 
 

Adapted from: The Next Generation Science Assessment project is a collaboration among Michigan State University, SRI International and the 
University of Illinois Chicago with Concord Consortium and is funded by the National Science Foundation under Grants 1316903, 1316908, and 
1316874. Any opinions, findings, and conclusions or recommendations expressed in this document are those of the author(s) and do not 
necessarily reflect the views of the National Science Foundation. 
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Unpacking of Crosscutting Concept 

2. Describe the Crosscutting concept.  
 

What are the essential components of this 
crosscutting concept? 
 
 
 
What explanatory value does this 
crosscutting concept have? (i.e. how might 
this help a student/teacher explain a 
phenomenon?) 
 
 
Components = Bullets in Foundation Boxes 

Crosscutting concept: 
 
 
 
 
 
Components of the CCC: 
 
 
 
 
 
 
Intersections with other Crosscutting concepts: 

3.  Identify intersections with science and 
engineering practices and disciplinary 
core ideas  

 
 
Which SEPs provide meaningful 
connections with this crosscutting 
concept? 
 
What are some concepts and/or contexts 
in life, earth, and physical science that 
would provide good opportunities for 
students to explore this crosscutting 
concept? 
  

Interactions with SEPs and DCIs: 
 

4. Identify the evidence that you would 
expect to see for each component of 
the crosscutting concept. 

 
What is a high level of performance that 
you would expect to see for each 
component? 
 
What are the different levels of 
performance for each component? 
 
How might a student’s understanding of 
this crosscutting concept grow over time? 

Evidence for the crosscutting concept: 
  
 
 
 
 
 
 
 
 
 
 

Adapted from: The Next Generation Science Assessment project is a collaboration among Michigan State University, SRI International and the 
University of Illinois Chicago with Concord Consortium and is funded by the National Science Foundation under Grants 1316903, 1316908, and 
1316874. Any opinions, findings, and conclusions or recommendations expressed in this document are those of the author(s) and do not 
necessarily reflect the views of the National Science Foundation. 
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APPENDIX C: EXAMPLE CLUSTER MAPPING TOOL 
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APPENDIX D: GRADES 5 AND 8 THINK ALOUD PROTOCOLS 
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APPENDIX E: CODEBOOK 

 

Grade 5 

Item 1 

 

 
Item SEP DCI CCC 
1 n/a PS4.B: An object can be seen when light reflected from its surface 

enters the eyes. 
Cause and 

Effect 
Key:  D  

 
Item 1 Coding Rules 

 
DCI: PS4.B: An object can be seen when light reflected from its surface enters the eyes. 

How the DCI is coded in this item: Student states that light must be present for the plant to be 
seen AND that light must reflect off the plant (Ref) AND that light must enter the eye after 
reflecting off the plant (Eye).  
The language for “reflect” can include 
●  “directs,”  
● “bounces off of,”  
● “goes back,” 
●  etc 

Code as 0 when 
● If only the flashlight and seeing the plant is mentioned 
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● If the order or causal mechanism are incorrect 
Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Ref Reflection of light 
off the surface of an 
object. States that 
light must be present 
for the plant to be 
seen and the light 
must reflect off the 
plant 

(510) P: Student reads option A - no I don’t think so 
P: Student reads option B and C 
P: Student reads option D. Well I think that is right. Do I just click…. 
R: Why do you think D is the right answer? 
P: Because if you shine a light on something from a flashlight, It's going 
to reflect off the plant... Well the thing. And then you can see it. 

Eye Light enters the eyes 
for objects to be 
seen. States that light 
must enter the eye 
after reflecting off 
plant for plant to be 
seen 

(53) P: I think they're able to see the plants now because the light is 
reflecting off of their eyes To the plant so they can see it. “Once the plant 
produces its own light the students can observe for the plant. Once the 
plant absorbs all the light from the flash light the students can observe the 
plant. The light from the flash light is reflected off the student eyes and 
then back to the plant. The light from the flash light is reflected off the 
plant and then enters the student eyes.” I'm going to say D.  
R: D? Can you tell me why you answered that way? 
P: The light reflects into their eyes and then they can see the plant.  

 
 
 
CCC: Cause and Effect 

Overarching Rule for Cause and Effect: Student states a relationship between two 
occurrences where one occurrence leads to the other (or needs the other to occur). The language 
should include linking words such as “because,” “ and then” (but just having a linking word is 
not sufficient to get a code of “present” - the linking words have to link the occurrences). If 
there is a sequence of intermediate events that link the cause and effect, the student states some 
intermediate events. 

Code Definition Example 

Lnk Includes a link 
between a cause and 
an effect (the light 
is needed for the 
plant to be seen) 

(52) I think it's D because while she's pointing at the plant there's a 
flashlight pointing at the plant. And the students are able to see where the 
plant is because of the flashlight. 
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Seq 
 

Includes code 1 and 
a sequence of 
intermediate events 
that link the cause 
and effect, the 
student states some 
intermediate events 
(the plant being seen 
because of reflection of 
the light off the plant 
and the reflected light 
entering the eye. 
Student must reference 
either the reflection of 
light off the plant or the 
light entering the eye). 

(51) The light hits the plants and it directs to your eyes. So I think it 
would be D because the plants into the student’s eye because of the 
flashlight’s light that is given to the plant. It can direct to your eye 
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Item 2 

 

 

 
Item SEP DCI CCC 
2 n/a LS1.D: Different sense receptors are specialized for particular kinds of 

information, which may be then processed by the animal’s brain. Animals are 

able to use their perceptions and memories to guide their actions.  

Cause 

and 

Effect 
Key:  D  

 

Item 2 Coding Rules 

 
DCI: LS1.D: Different sense receptors are specialized for particular kinds of information, 
which may be then processed by the animal’s brain. 

How the DCI is coded in this item: Student states the eyes are sense receptors that take in 
light information (Sns) AND that light information taken in by the eyes is processed in the brain 
(Brn).  
The language for “sense” can include 
●  “feel,”  
● “take in,”  
● “notice” 
●  etc 

Code as 0 when 
● If only the eyes are mentioned 
● If the order or causal mechanism are incorrect 

Non-codable:  
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● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Sns Sense receptors 
specialized for 
information.States that 
the eyes are sense 
receptors that take in 
light information 

No examples in student responses  

Brn Information is processed 
by the animal's brain. 
States that the light 
information taken in by 
the eyes is processed in 
the brain 

Ne examples in student responses 

 
 

CCC: Cause and Effect 

Overarching Rule for Cause and Effect: Student states a relationship between two 
occurrences where one occurrence leads to the other (or needs the other to occur). The language 
should include linking words such as “because,” “ and then” (but just having a linking word is 
not sufficient to get a code of “present” - the linking words have to link the occurrences). If 
there is a sequence of intermediate events that link the cause and effect, the student states some 
intermediate events. 

Code Definition Example 

Lnk Includes a link between a 
cause and an effect (the 
eyes sense light and the 
brain processes the 
information or an 
incorrect link) 

(510) P:I think it's A because... well no I think it's B because the light 
affects the eyes kind of and then it seems like….. to your eyes in 
order for the object to be seen immediately. So I think it's B  

Seq 
 

Includes code 1 and a 
sequence of intermediate 
events that link the cause 
and effect, the student 
states some intermediate 
events (the light information 
being sent from the eye to the 
brain to be processed or an 
incorrect sequence). 

(56) P: I think it might be C. Wait not it is not C. I think it might be D 
actually. Actually I am going to change it to A. Light is sensed by the 
brain and then transferred to the eyes. I think the brain might sense the 
light and then sends it. It produces a picture and then sends it to the 
eyes  
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Item 3 

 

 
Item SEP DCI CCC 
3 Developing and 

Using Models 
PS4.B: An object can be seen when light reflected from its 

surface enters the eyes. 
LS1.D: Different sense receptors are specialized for particular 

kinds of information, which may be then processed by the 

animal’s brain. Animals are able to use their perceptions and 

memories to guide their actions.  

Systems and 

System 

Models 

Key:  plant, eye, brain  
 

Item 3 Coding Rules 

 

DCI: PS4.B: An object can be seen when light reflected from its surface enters the eyes. 

How the DCI is coded in this item: Student states that light must be present for the plant to be 
seen AND that light must reflect off the plant (Ref) AND that light must enter the eye after 
reflecting off the plant (Eye).  
The language for “reflect” can include 
●  “directs,”  
● “bounces off of,”  
● “goes back,” 
●  etc 

Code as 0 when.  
● If only the flashlight and seeing the plant is mentioned  
● If the order or causal mechanism are incorrect  

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  
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Code Definition Example 

Ref Reflection of light off 
the surface of an 
object. States that light 
must be present for the 
plant to be seen AND 
the light must reflect 
off the plant. 

(56) P: First the flashlight goes to the plant and the light bounces off 
the plant into the eyes and then it goes up to the brain so it can process 
the information. 
 

Eye Light enters the eyes 
for objects to be seen. 
States that light must 
enter the eye after 
reflecting off plant for 
plant to be seen. 

(59)P: Well to see the plant you have to have a plant. 
P: and then once the flashlight turns on, your eyes see it next and then 
to actually process what it is it goes... Like what's happening in your 
brain. Because you can't really see stuff when it's in your brain because 
you can't go through your whole body. 
R: Okay say more about that 
P: if you turn on a flashlight it's not going to go into your skin and like 
through your head into your brain. It has to go through your eyes 
because they're open and they're easier to get into. And then that tracks 
into your brain so that's why I would say like that it goes before the 
brain.  

 
DCI: LS1.D: Different sense receptors are specialized for particular kinds of information, 
which may be then processed by the animal’s brain. 

How the DCI is coded in this item: Student states the eyes are sense receptors that take in light 
information (Sns) AND that light information taken in by the eyes is processed in the brain 
(Brn).  
The language for “sense” can include 
●  “feel,”  
● “take in,”  
● “notice” 
●  etc 

Code as 0 when.  
● If only the eyes are mentioned  
● If the order or causal mechanism are incorrect  

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Sns Sense receptors 
specialized for 
information.States 
that the eyes are 
sense receptors that 
take in light 
information 

No examples in student responses  
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Brn Information is 
processed by the 
animal's brain. States 
that the light 
information taken in 
by the eyes is 
processed in the 
brain 

(57) P: Because the teacher is trying to reflect the light off the plant and 
then it got into the students’ eyes. And then the brain now tries to 
process it so that it can be looked at in the brain and then you can see  
 
 

 
 
 
SEP: Modeling 

Overarching rule for modeling: Student states connections/interactions between the different 
components of the model (all components are given). For these items, the “arrows” are what is 
counting as “modeling” because the arrows represent mechanisms by which ….So language for 
“arrows” could include “leads to” “causes” “and then” .... 
__________________________________________ 
Item 3 - has 3 arrows that could be discussed 
The description of what the arrow means does not have to be scientifically accurate (e.g., does 
not need to say “reflect”) 
● Flashlight to eye (or flipped for all) 
● Flashlight to plant 
● Flashlight to brain  
● Eye to plant  
● Eye to brain 
● Plant to eye  
● Plant to brain 

 
*** “And then you can see the plant” is coded as an arrow when the incorrect model is given 
**There are some students who included different aspects of modeling (e.g., using the idea that 
the light does not go through the skin as a way to rationalize model) - this is not included in the 
modeling code, but will be included in the notes section to potentially examine further 

Code Definition Example 

1 Includes what one 
arrow represents in 
the model 

(58)P: it said that [it's sense by the brain] [and then it goes to the eyes] 
/[and then you can see the plant]. if it went to the plant and then the eyes 
and the brain…. it goes to your brain and your brain senses the light and 
then it goes to your eyes and then your eyes can see the plant. 
Brain eye plant 

2 
 

Includes what two 
arrows represents in 
the model 

(54)P: So basically you see it with your eyes [and then it goes to your 
brain]/ [and then you see the plant]. I don’t know. Is it the other way 
around? I don’t know if it is the other way around between the eyes and 
the brain 
R: ok so what is make you question that 
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P: In order..to like see...cause your brain allows you to see stuff. If your 
blind you basically can’t see stuff. So then something is wrong with your 
brain and you can’t see.  
R: So you are saying that if you are blind there is something wrong with 
your brain? 
P: Isn’t there like some parts...cause your eyeball is connected to your 
brain. I think it is the other way around 
Eye, brain, plant 
 
NOTE: Eyeball is connected to your brain is the same “arrow” as “you 
see it with your eyes and then it goes to your brain” 

3 Includes what three 
arrows represents in 
the model 

(56) P: First the [flashlight goes to the plant] and the[ light bounces off 
the plant into the eyes] and [then it goes up to the brain so it can 
process the information]. 
 

 

 

CCC: Systems and System Modeling 

If an item is designed to be aligned to the SEP of modeling and the CCC of Systems and 
systems models, there is only one code which is an SEP/CCC code. 
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Item 4 

 

 
Item SEP DCI CCC 
4 

A&B 
Engaging in 

Argument from 

Evidence 

LS1.A: Plants and animals have both internal and external 

structures that serve various functions in growth, survival, 

behavior, and reproduction. 

Cause 

and 

Effect 
Key:  B;D  

 

Item 4 Coding Rules 

 

DCI: LS1.A: Plants and animals have both internal and external structures that serve various 
functions in growth, survival, behavior, and reproduction. 

How the DCI is coded in this item: Student states that the pupil regulates the amount of light 
entering the eye as a function to promote, survival,. In this item, this is only seen with some 
phrases that indicate the function of the pupil is to regulate light due to the body’s response 
system. 
● For example: “eyes hurt when the lights come on” 
● “The muscles in the eyes make the change…”  
● “Pupil needs to open to process light” 
● “The pupil’s diameter doesn’t have to open” 

Non-codable:  
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● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Stf States that the pupil 
regulates the amount of 
light entering the eye as a 
function to promote growth, 
survival, behavior, and 
reproduction. 

(55)P: I think the students’ diameter will decrease because as more light 
comes in the less the pupil needs to open to process light.  
P: D because the pupil’s diameter...when there is bright light the 
pupil’s diameter doesn’t have to open as much. So it doesn’t open as 
much 

 

 

 

CCC: Cause and Effect 

Overarching Rule for Cause and Effect: Student states a relationship between two occurrences 
where one occurrence leads to the other (or needs the other to occur). The language should 
include linking words such as “because,” “ and then” (but just having a linking word is not 
sufficient to get a code of “present” - the linking words have to link the occurrences). If there is a 
sequence of intermediate events that link the cause and effect, the student states some 
intermediate events. 

Code Definition Example 

Lnk Includes a link 
between a cause and 
an effect  

(56) P: I think the students’ diameter will decrease because as more 
light comes in the less the pupil needs to open to process light.   
P: D because the pupil’s diameter...when there is bright light the pupil’s 
diameter doesn’t have to open as much. So it doesn’t open as much 

Seq 
 

Includes code 1 and 
a sequence of 
intermediate events 
that link the cause 
and effect, the 
student states some 
intermediate events 

Seq is not required by the item. Just the link between cause 
and effect is required. 

 

 

 

SEP: Argument from Evidence 

Overarching Rule for Argument from Evidence: Students must indicate that they are using 
(1) evidence given in the item, (2) evidence from prior knowledge or (3) information from other 
sources within the item cluster. The evidence does not need to be correct. In addition, for 
reasoning, students must indicate that they are explaining connections between the evidence and 
the claim. The reasoning does not need to be scientifically accurate, but must be clear that they 
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are attempting to make a connection 

Code Definition Example 

Ev Evidence from item 
cluster: Students are 
drawing on the 
given data in the 
stimulus or ideas 
from prior items in 
the cluster or prior 
experiences/knowle
dge to support their 
claim/answer the 
question. 

(54)P: Isn’t it decrease because basically first it (the graph) is all the way 
up and then it (the graph) goes down. And here (on the x-axis) it says 
increasing. So basically it is decreasing by the different lights it is 
showing. So if it is bright light, then it will be this high (indicating height 
of the bar on graph) but if they do different shades of light basically this 
light is decreasing.  
P: Is it D? (referring to Part B answer option) 
 
 

Rsn Reasoning: students 
explain how the 
evidence they stated 
or chose supports 
the claim they 
stated or chose. (the 
reasoning must go 
beyond stating that 
a relationship to the 
evidence exists but 
must attempt to 
explain the 
relationship (the 
“why”).  

(56) P: I think the students’ diameter will decrease because as more light 
comes in the less the pupil needs to open to process light.   
P: D because the pupil’s diameter...when there is bright light the 
pupil’s diameter doesn’t have to open as much. So it doesn’t open as 
much 
 
 
(59) P: increases when there is bright light. oh wait. Cuz I said... Cuz it 
increases when there is low light. Oh yeah it does increase when there's 
bright light. It decreases because it wouldn't get smaller when it's dark 
because it just gives it less room to see. Decreases when there's bright 
light...It increases when there's low light. So not that one...D. because on 
A it says it increases when there's low light. But it says it explains the 
change in part A and I said it would decrease when the lights turn 
back on and since I said it wouldn't be reflecting on part A. 
 
NOTE from Alicia: Students cannot just say that they are 
connecting the two parts of the question, they have to explain 
the connection using science ideas. Even if they are not 
correct.  

 

Item 5 
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Item 5 Coding Rules 

 
DCI: LS1.A: Plants and animals have both internal and external structures that serve various 
functions in growth, survival, behavior, and reproduction. 

How the DCI is coded in this item: Student states that the pupil regulates the amount of light 
entering the eye as a function to promote growth, survival, behavior, and reproduction. In this 
item, this is only seen with some phrases that indicate the function of the pupil is to regulate 
light due to the body’s response system. 
● For example: “eyes hurt when the lights come on” 
● “The muscles in the eyes make the change…”  
● “Pupil needs to open to process light” 
● “The pupil’s diameter doesn’t have to open” 

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  
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Code Definition Example 

Stf States that the pupil 
regulates the amount of 
light entering the eye as a 
function to promote 
growth, survival, behavior, 
and reproduction. 

(58)P: the diameter of the pupil increases when the light decreases 
this is so the light doesn't all go into your eyes cuz it's bad for your 
eyes like when you look at the Sun . So it is not so bright on your 
eyes. It decrease as more light came in. Because if it got bigger all of 
the light would come in. And then for the second one, The diameter 
was light largest in the lowest light and smallest in the brightest light. 
It's pretty much the same thing. If it's bigger it will let more light in 
because if it's dark and it was really small then you wouldn't be able 
to see really because it's really dark And you need more so it gets 
bigger. And then for the reasoning when there is less light the pupil 
gets bigger to let in more light. It just gets bigger to let in more light. 

 

 

 
CCC: Cause and Effect 

Overarching Rule for Cause and Effect: Student states a relationship between two 
occurrences where one occurrence leads to the other (or needs the other to occur). The 
language should include linking words such as “because,” “ and then” (but just having a 
linking word is not sufficient to get a code of “present” - the linking words have to link the 
occurrences). If there is a sequence of intermediate events that link the cause and effect, the 
student states some intermediate events. 

Code Definition Example 

Lnk Includes a link 
between a cause and 
an effect (t 

(510)P: I answered this one because it says when there is less light it 
helps you see better. It says it changes. 

Seq 
 

Includes code 1 and 
a sequence of 
intermediate events 
that link the cause 
and effect, the 
student states some 
intermediate events 

Seq is not required by the item. Just the link between cause 
and effect is required. 

 

 

 

SEP: Argument from Evidence 

Overarching Rule for Argument from Evidence: Students must indicate that they are using 
(1) evidence given in the item, (2) evidence from prior knowledge or (3) information from 
other sources within the item cluster. The evidence does not need to be correct. In addition, for 
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reasoning, students must indicate that they are making connections between the evidence and 
the claim. The reasoning does not need to be scientifically accurate, but must be clear that they 
are attempting to make a connection 

Code Definition Example 

Ev Evidence from item 
cluster: Students are 
drawing on the 
given data in the 
stimulus or ideas 
from prior items or 
prior 
experiences/knowle
dge to support their 
claim/answer the 
question. 

(59)P: The pupil changes with different amounts of light. It was largest 
in the lowest of light and smallest in the brightest of light. Yeah that 
could be one. Largest in the brightest light No it's not the second one. 
The pupil increased as the light increased. No because it increases with 
the light decreases. The pupil decreased as the light increased. It got 
smaller as the light got...I just used from the last question. It does the 
opposite of what the lights doing. Like when it's low light it will 
increase and then in the bright light it will decrease.  
P: When there is less light the pupil gets bigger to let more light in. 
Yeah that one. when the pupil is smaller it lets more light…. I don't 
think it's the second one because it really doesn't go with my evidence. 
When there's bright light the pupil lets in more light so a person can see 
better. No When there's bright light it makes it darker so there's not too 
much light. So I'm going to pick the first one.  

Rsn Reasoning: students 
explain how the 
evidence they stated 
or chose supports 
the claim they 
stated or chose. (the 
reasoning must go 
beyond stating that 
a relationship to the 
evidence exists but 
must attempt to 
explain the 
relationship (the 
“why”) 

(56) P: Because the diameter was largest in the lowest light and 
smallest in the brightest light. Like I said when it is brighter the pupil 
closes. It is smaller so it doesn’t have to take in that much light. And the 
diameter of the pupil decreases as the light increases and when there is 
less light the pupil gets bigger to let in more light. Yeah, the pupil gets 
bigger to let in more light so you can see when it is dark.  
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Grade 8 

Item 1 

 

 

Item SEP DCI CCC 

1 A&B Analyzing and 

interpreting 

data 

PS1.B.1: Substances react chemically in characteristic ways. 

In a chemical process, the atoms that make up the original 

substances are regrouped into different molecules, and 

these new substances have different properties from those 

of the reactants. 

PS1.A: Each pure substance has characteristic physical and 

chemical properties (for any bulk quantity under given 

conditions) that can be used to identify it. 

Patterns 

Key:  Part A: Occurred/Did;   Part B: A - density and color  

Item 1 Coding Rules 

 
DCI: PS1.B.1: Substances react chemically in characteristic ways. In a chemical process, the 
atoms that make up the original substances are regrouped into different molecules, and these 
new substances have different properties from those of the reactants. 



 

181 
 

How the DCI is coded in this item: Student explains why density and/or color are the 
properties they can use to determine a chemical reaction has occurred (Chp).  
Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Chp Explain why density and/or 
color are the properties 
used to determine a 
chemical reaction has 
occurred.  

83) P: color and volume. It did gain some volume and mass. 
The density was a lot lower (1) so I will have to go with the 
density and color 
P: I chose density and color because the color identifies that 
it did change (2), the substance did change overnight. That 
is what the density tells me too. (Chp) 

 

 

DCI: PS1.A: Each pure substance has characteristic physical and chemical properties (for any bulk 

quantity under given conditions) that can be used to identify it. 

How the DCI is coded in this item: Student explains why density and/or color are the 
properties they can use to determine a chemical reaction has occurred (Chp).  
Non-codable:  
If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Chp Explain why density and/or 
color are the properties 
used to determine a 
chemical reaction has 
occurred.  

(83) P: color and volume. It did gain some volume and 
mass. The density was a lot lower (1) so I will have to 
go with the density and color 
P: I chose density and color because the color 
identifies that it did change (2), the substance did 
change overnight. That is what the density tells me 
too. (Chp) 

 

 
SEP: Analyzing and Interpreting Data 

Overarching rule for analyzing and interpreting data: Student states patterns and 
relationships in the data and describe why they are meaningful to the investigation question.  
For these items, language indicating patterns or relationships could include… 
● Quantitative or Qualitative description of change presented in data 
● Just indicating a “change” happened is not enough for 1 

And for describing why the data is meaningful could include… 
● Identifies relationships: Students analyze the data to identify patterns (i.e., similarities 

and differences), including the changes 
● Interpret the data about the properties of each substance before and after the interaction  
● Students use data to determine whether a chemical reaction has occurred 
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● Students support their interpretation of the data by describing that the change in 
properties of substances is related to the rearrangement of atoms in the reactants and 
products in a chemical reaction  

Code Definition Example 

1 Patterns and 
Relationships: Identifies 
patterns and 
relationships that exist 
in the data  

(82) P: Well this one got bigger and the mass smaller or 
the density got smaller and the mass actually got 
bigger and the color change too. (1) Involving iron. 

2 
 

Includes 1 and describes 
why those patterns are 
meaningful to the 
investigation question 

(85) I think that because the color changed from grey to 
red, the mass went up by 11 grams. Or 9 grams I 
mean.(1) The volume went up and so did density so it must 
be something different. 
P: Probably mass and density because I know like when 
they compare elements like gold and stuff they look at 
the mass and density.(2) 

 

 
CCC: Patterns 

If an item is designed to be aligned to the SEP of analyzing and interpreting data and the 
CCC of Patterns, there is only one code which is an SEP/CCC code. 

 

Item 2 

 

 

Item SEP DCI CCC 

2 Analyzing and 

interpreting 

data 

PS1.B.2: The total number of each type of atom is 

conserved, and thus the mass does not change. 

Energy and 

matter 

Key:  more than/iron atoms are combining with atoms in  
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Item 2 Coding Rules 

 
DCI: PS1.B.2: The total number of each type of atom is conserved, and thus the mass does not 
change. 

How the DCI is coded in this item: Student explains why the Law of Conservation supports 
their chosen response (C).  
The language for explaining can include 
● “It has to be the same mass before and after” 
● “The mass of the air added to the iron” 

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

C Explain why the Law of 
Conservation supports their 
chosen response 

 

 

 
 

 

SEP: Analyzing and Interpreting Data 

Overarching rule for analyzing and interpreting data: Student states patterns and 
relationships in the data and describe why they are meaningful to the investigation question.  
For these items, language indicating patterns or relationships could include… 
● Quantitative or Qualitative description of change presented in data 
● Just indicating a “change” happened is not enough for 1 

And for describing why the data is meaningful could include… 
● Identifies relationships: Students analyze the data to identify patterns (i.e., similarities 

and differences), including the changes 
● Interpret the data about the properties of each substance before and after the interaction  
● Students use data to justify their response 
● Students support their interpretation of the data by describing that the change in 

properties of substances is related to the rearrangement of atoms in the reactants and 
products in a chemical reaction  

Code Definition Example 

1 Patterns and 
Relationships: Identifies 
patterns and 
relationships that exist 
in the data  

(85) P: The final mass of the material the next day is more 
than the initial mass of the material this could happen if iron 
atoms are escaping into the environment iron atoms are 
combining with matter in the environment iron atoms are 
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being produced and released into the environment iron 
atoms are being exchanged in equal amounts with the 
environment. I don't know what an iron atom is. It's nothing 
equal because it's getting bigger, escaping would mean it 
would get lighter so I guess it combines.  

2 
 

Includes 1 and describes 
why those patterns are 
meaningful to the 
investigation question 

(83) P: Here is more than the initial mass. 
This could happen if atoms are combining with matter inside 
the iron itself. Or there...equal amounts...released into. 
iron atoms are combining with matter inside the 
environment. Due to more of the mass and volume of the 
material that is left over on the final day it tells me that 
there is more stuff inside of there but it is less dense. 
Or it could be exchanged with equal amounts but with less 
of a density within the entire object. So it might also be that 
one. But I could really choose on either or. I am going to 
have to go with the second answer because I changed my 
mind quite a bit just thinking about it.  

 

 
CCC: Patterns 

If an item is designed to be aligned to the SEP of analyzing and interpreting data and the 
CCC of Patterns, there is only one code which is an SEP/CCC code. 

 

 

Item 3 
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Item SEP DCI CCC 

3 A&B Developing 

and using 

models 

PS1.B.2: The total number of each type of atom is 

conserved, and thus the mass does not change. 

Energy and 

matter 

Key:  Part A: 4&6; Part B: B  

 

Item 3 Coding Rules 

 

DCI: PS1.B.2: The total number of each type of atom is conserved, and thus the mass does not 
change.  
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How the DCI is coded in this item: The student must reference to the number of atoms in the 
final substance 
Non-codable:  
If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Atc Student references the final 
substance when 
determining the number of 
atoms 

(81) Alright, so I am going to put 4 iron atoms since 
there’s one, two, three, four. Then I’ll put six oxygen 
atoms which will make it up the yes the final 
substance. That is what I am thinking. 
The model does not show how the atoms are organized in 
the final substance. I’m going to say B Does not show the 
color change of the final substance because it doesn’t it 
only shows like the atomic make up I guess.  

 

 
SEP: Modeling 

Overarching rule for modeling: The limitations portion of the question (Part B) is the focus of 
the modeling SEP in this item.  
 
Limitations: 
Student must say more than the limitation option they picked. They must explain what is 
missing in the model that would cause the limitation to be valid or explain why they chose the 
limitation. 
 
For example: 
Student must say more than “the color changed” but must also explain what color change 
occurred and that it is not shown in the model.  
Or 
Acknowledging that the actual substance is red but the model shows only grey and blue 
 

Code Definition Example 

Lim Student must 
explain why they 
chose the particular 
limitation or 
articulate what is 
missing in the 
model. 

(82) I’m putting oxygen atoms into the oxygen in the air 
box... there’s like six of them 
And then same with the iron. So there’s four and then six. 
(Atc) 
I’m going to go with B because there’s not really a color. 
Or a way to show the color change in the model (Lim) 
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CCC: Energy and Matter 

Overarching rule for Energy and Matter: Describes how mass and/or energy are conserved 
in a particular system by including relevant features of the system that demonstrate 
conservation. 

Code Definition Example 

EM Conservation No examples in Cognitive Lab data 
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Item 4 

 

 

 

Item SEP DCI CCC 

4 Analyzing and 

interpreting 

data 

PS1.B.3: Some chemical reactions release energy, others 

store energy. 

Patterns 

Key:  Similarities 1&2; Differences 2&4  

 

Item 4 Coding Rules 

 
DCI: PS1.B.3: Some chemical reactions release energy, others store energy. 

How the DCI is coded in this item: Student explains how they know that the reaction is 
releasing energy in the form of heat (E).  
The language for explaining can include 
● “It is releasing heat because the temperature is increasing” 

 
Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

E Explain how they know that 
the reaction is releasing 
energy in the form of heat 

(83) The differences for system two and system one. The 
temperature of system 2 increased more quickly than 
system 1 so system 1 is the original stock handwarmer 
that they get out of the bag and let it sit there in the dish 
but since there is smaller holes to let oxygen in slowly 
instead of just hitting the gas pedal and pouring all of the 
fuel into the machine. 
System two reaches a greater maximum temperature than 
system one reaches. So system 2 there is a lot more 
fuel being burned at one time so it allows the 
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temperature to rise a lot more than system one. 
System one slowly burns that fuel.  

 

 
 

 

SEP: Analyzing and Interpreting Data 

Overarching rule for analyzing and interpreting data: Student states patterns and 
relationships in the data and describe why they are meaningful to the investigation question.  
For these items, language indicating patterns or relationships could include… 
● Quantitative or Qualitative description of change presented in data 
● Just indicating a “change” happened is not enough for 1 

And for describing why the data is meaningful could include… 
● Identifies relationships: Students analyze the data to identify patterns (i.e., similarities 

and differences), including the changes 
● Interpret the data about the properties of each substance before and after the interaction  
● Students use data to justify their response 
● Students support their interpretation of the data by describing that the change in 

properties of substances is related to the rearrangement of atoms in the reactants and 
products in a chemical reaction  

Code Definition Example 

1 Patterns and 
Relationships: Identifies 
patterns and 
relationships that exist 
in the data  

(86) I would say for the two differences system 1 reaches a 
greater maximum temperature. system 1 I think this is 
system 1. Oh no I messed up I should have checked I didn't 
see that. So system 2 reach has a greater maximum 
temperature in system 1. And I would also say the 
temperature system 2 increases more quickly than the 
temperature system 1 because system 1 was constant at 
110 degrees Fahrenheit. 

2 
 

Includes 1 and describes 
why those patterns are 
meaningful to the 
investigation question 

(83) System 1 is completely enclosed in its original 
packaging. Temperature. Ok so system 2. I am 
guessing...yeah...drops a lot faster because system 1...it’s 
slowly letting that oxygen in so it will have a lot more run 
time compared to system 2 burning all of its fuel and 
dropping. Two similarities and two differences. System 2 has 
a greater maximum temperature than system one because 
it burns all of its fuel more at one time increasing the 
temperature of the actual model itself. It does not 
remain constant. It decreases in both systems eventually 
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over time. I didn’t know that this graph showed that until I 
really looked at it.  
The differences for system two and system one. The 
temperature of system 2 increased more quickly than 
system 1 so system 1 is the original stock handwarmer that 
they get out of the bag and let it sit there in the dish but 
since there is smaller holes to let oxygen in slowly instead of 
just hitting the gas pedal and pouring all of the fuel into the 
machine. 

 

 

CCC: Patterns 

If an item is designed to be aligned to the SEP of analyzing and interpreting data and the 
CCC of Patterns, there is only one code which is an SEP/CCC code. 
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Item 5 

 

 

 

Item SEP DCI CCC 

5 Constructing 

Explanations 

PS1.B.3: Some chemical reactions release energy, others 

store energy. 

Energy and 

matter 

Key:  
C: Energy is transferred from each system to the thermometers. (1) 
E: The temperature was higher at 50 minutes than at 0 minutes. (1) 
R: Energy was released when iron reacted with the oxygen in the air.(3) 

 

 

Item 5 Coding Rules 

 

DCI: PS1.B.3: Some chemical reactions release energy, others store energy.  

How the DCI/CCC is coded in this item: Students have to identify that energy is released 
from the system 
The language for this can include: 
“The system got hotter” 
“The temperature went up or was higher” 
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“Heat was released” 
● Reasoning and the DCI evidence may be the same for some cases 

Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 

Re Students identify that 
energy is released form the 
system in the form of heat 

(83) I am guessing so...after 50 minutes on both. Well 
system one is a lot higher than system 2. (Re) Is this 
for system 1 or system 2? I am guessing it is just in 
general. 

 

 

SEP: Constructing Explanations 

Overarching Rule for Constructing Explanations: Students must indicate that they are using 
(1) evidence given in the item, (2) evidence from prior knowledge or (3) information from other 
sources within the item cluster. The evidence does not need to be correct. In addition, for 
reasoning, students must indicate that they are making connections between the evidence and 
the claim. The reasoning does not need to be scientifically accurate, but must be clear that they 
are attempting to make a connection 
NOTE: Same as Argument from Evidence in Grade 5 Item 5 

Code Definition Example 

Ev Evidence from item cluster: 
Students are drawing on the 
given data in the stimulus or 
ideas from prior items or 
prior experiences/knowledge 
to support their claim/answer 
the question. 

(85) Evidence statements. Temperature was 
higher at 50 minutes than at 0 minutes. In which 
one? There’s two bags. Actually, 50 minutes it 
is like 90 degrees. 0 minutes it is like 70 
degrees (Ev). So yeah, that’s not true. That is not 
true either. 
 

Rsn Reasoning: students explain 
how the evidence they stated 
or chose supports the claim 
they stated or chose. (the 
reasoning must go beyond 
stating that a relationship to 
the evidence exists but must 
attempt to explain the 
relationship (the “why”) 

(83) the energy was released when the hand 
warmer package was opened because the oxygen 
gets to it as you open the package which 
allows it to kind of heat up and make that 
chemical reaction (Re/Rsn) 
 
 
NOTE from Alicia: Students cannot just say that 
they are connecting the two parts of the question, 
they have to explain the connection using science 
ideas. Even if they are not correct.  
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Item 6 

 

 

 

 

Item SEP DCI CCC 

6 Designing 

Solutions 

ETS1.B: A solution needs to be tested, and then modified 

on the basis of the test results, in order to improve it.  

Energy and 

matter 

Key:  C  

 

Item 6 Coding Rules 

 

DCI: ETS1.B: A solution needs to be tested, and then modified on the basis of the test results, 
in order to improve it.  

How the DCI/SEP is coded in this item: Students need to discuss how their response supports 
the criteria, the handwarmer needs to get warmer faster. 
Code as 0 when.  
● If the student repeats the answer options verbatim or the prompt verbatim, this is 

considered non-codable portions of the transcript and are not considered here.  
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Code Definition Example 

Sol Students need to 
discuss how their 
response supports the 
criteria, the 
handwarmer needs to 
get warmer faster. 

No examples in the Cognitive Lab Data 

 

 
SEP: Designing Solutions: Undertake a design project, engaging in the design cycle, to 
construct and/or implement a solution that meets specific design criteria and constraints.  

If an item is designed to be aligned to the DCI ETS1.B and the SEP of Designing Solutions, 
there is only one code which is a DCI/SEP code. 

 

 
CCC: Energy and Matter: The transfer of energy can be tracked as energy flows 
through a designed or natural system. 

Overarching Coding Rule: Student states a path that energy takes from one component of a 
system to another indicating the changes in forms of energy at various points in the system. The 
language should include words such as “heat,” “temperature increase or decrease”  

Code Definition Example 

Trn Student discusses the heat 
transfer in the system. 

 (83) It would get really hot really fast but it 
wouldn’t be as consistent it would slowly 
decline over the 80 minute mark they had 
marked compared to the system 1 which is the 
original hand warmer that the company has 
designed in which it gradually goes up slowly and 
stays somewhat consistent throughout that time. 
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Item 7 

 

 

 

Item SEP DCI CCC 

7 Designing 

Solutions 

ETS1.C.1: Although one design may not perform the best 

across all tests, identifying the characteristics of the design 

that performed the best in each test can provide useful 

information for the redesign process - that is, some of the 

characteristics may be incorporated into the new design.  

n/a 

Key:  D  

 

Item 7 Coding Rules 

 
DCI: ETS1.C.1: Although one design may not perform the best across all tests, identifying the 
characteristics of the design that performed the best in each test can provide useful information 
for the redesign process - that is, some of the characteristics may be incorporated into the new 
design.  

How the DCI/SEP is coded in this item: Students discuss how the redesign of the 
handwarmer impacts the trade-offs they considered. 
Non-codable:  
● If the student repeats the answer options or the prompt verbatim  

Code Definition Example 
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ReD Students discuss how 
the redesign of the 
handwarmer impacts 
the trade-offs they 
considered. 

No examples in the Cognitive Lab Data 

 

 

SEP: Designing Solutions: Undertake a design project, engaging in the design cycle, to 
construct and/or implement a solution that meets specific design criteria and constraints.  

If an item is designed to be aligned to the DCI ETS1.B and the SEP of Designing Solutions, 
there is only one code which is a DCI/SEP code. 
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APPENDIX F: CONSENT FORMS 

 

Research Participant Information and Consent Form 
EXPLANATION OF THE RESEARCH  

Study Title: Examining Content Validity for a Three-Dimensional State Science Assessments 
Your child is being asked to participate in a research study of how students interact with the Michigan M-

STEP Science Assessment. 
The researcher will be meeting with your child to conduct an online assessment study session called a 

Cognitive Lab. Your child will have the chance to see one item cluster (a passage and group of items) on a 
computer. Your child will answer each of the questions, but these questions will not be scored or graded in any way 
and no decisions or judgments will be made about your knowledge or skills. While your child is answering each 
question, the researcher will be audio recording the conversation and making notes about your experience with the 
questions on the computer. In addition, your child will be asked some questions so that you can provide important 
feedback about the test questions and what he/she/they liked and didn’t like. This will take approximately 30 
minutes of his/her/their time. I hope that your child will enjoy giving opinions and sharing ideas with me about the 
test. What your child thinks about these online/computer sample test questions will help provide important 
information for the researcher, which will be used to better understand the interactions between students and the 
Michigan M-STEP Science Assessment.  
 

YOUR RIGHTS TO PARTICIPATE, SAY NO, OR WITHDRAW:  

Your child does not have to participate in this study. It is up to him/her/them. Your child can say no now, 
or he/she/they can even change your mind later. No one will be upset with him/her/them if he/she/they decide not to 
be in this study.  

Your child’s grades and relationship with his/her/their school, teachers, and classmates, will not be affected 
if he/she/they choose to not participate in the study or if he/she/they choose to stop participating at any point. If 
he/she/they choose to not participate, he/she/they can stop at any time. 
 

COSTS AND COMPENSATION FOR BEING IN THE STUDY 

Being in this study will bring your child no harm. There are no direct benefits to your child for participating 
in this study. It will hopefully help us learn more about the things your child thinks about while taking the M-STEP 
Science Assessment. 
 
CONTACT INFORMATION FOR QUESTIONS AND CONCERNS 

If you or your child have concerns or questions about this study, such as scientific issues, how to do any 
part of it, or to report an injury, please contact the researcher Tamara (Heck) Smolek at (517) 706-9130, or 
smolekt@michigan.gov.  
If you or your child have questions or concerns about your role and rights as a research participant, would like to 
obtain information or offer input, or would like to register a complaint about this study, you may contact, 
anonymously if you wish, the Michigan State University’s Human Research Protection Program at 517-355-2180, 
Fax 517-432-4503, or e-mail irb@msu.edu or regular mail at 4000 Collins Rd, Suite 136, Lansing, MI 48910. 
 
DOCUMENTATION OF INFORMED CONSENT 
Your signature below means that you voluntarily agree to allow your child to participate in this research study.  
________________________________________ 
Student’s Name 
________________________________________  _____________________________ 
Parent/Guardian’s Signature      Date 

Participant Assent Form 
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I am from Michigan State University and I am asking you to be in a research study. We do research 
studies to learn more about how the world works and why people act the way they do. In this study, we 
want to learn about how students interact with the Michigan M-STEP Science Assessment questions.  
 
What we are asking you to do: 
We would like to ask you to take a M-STEP science item cluster and talk out loud as you answer the 
questions. This will take about 30 minutes. You can skip any question if it makes you uncomfortable.  
 
Do I have to be in this study? 
You do not have to participate in this study. It is up to you. You can say no now, or you can even change 
your mind later. No one will be upset with you if you decide not to be in this study.  
 
Your grades and your relationship with your school, teachers and classmates will not be affected if you 
choose to not participate in the study or if you choose to stop participating at any point. If you do not 
participate, you can stop at any time. 
  
Will being in this study hurt or help me in any way? 
Being in this study will bring you no harm. There are no direct benefits to you for participating in this 
study. It will hopefully help us learn more about the things you think about while taking the M-STEP 
Science Assessment. 
 
What will you do with information about me? 
We will be very careful to keep your answers to the assessment questions private.  Before and after the 
study we will keep all information we collect about you locked up and password protected.  
 
If you want to stop doing the study, contact Tamara (Heck) Smolek at 517-706-9130 or 
smolekt@michigan.gov. If you choose to stop before we are finished, any answers you already gave will 
be destroyed. There is no penalty for stopping.  
 
If you have questions about the study, contact: 
Tamara (Heck) Smolek 
517-706-9130 
smolekt@michigan.gov 
 
If you have questions about your rights in the study, contact: 
Human Research Protection Program Institutional Review Board 
Michigan State University 
Phone number: 517-355-2180 
Email address: irb@ora.msu.edu  
 
Agreement: 
By signing this form, I agree to be in the research study described above. 
Name: ________________________________________________ 
Signature: _____________________________________________ Date: _____________ 
You will receive an electronic copy of this form. 
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APPENDIX G: SCIENCE TASK SCREENER 
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APPENDIX H: TASK ANNOTATION PROJECT IN SCIENCE (TAPS) ANALYSIS 

 

Grade 5 Item 1: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI is 
required to answer the question and is 
grade appropriate. The DCI is used in 
service of sensemaking.  

The information in the scenario is not necessary to 
answer the question. The stated CCC is not measured 
in the item and very little reasoning is required. 
Overall, the item does not assess what it is intended to 
assess.  

Grade 5 Item 2: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI 
is required to answer the question 
and is grade appropriate.  

The information in the scenario is not necessary to answer the question. The 
DCI is not used in service of sensemaking.  

The stated CCC is not measured in the item and very little reasoning is 
required. The item did not require sensemaking because the response is very 
close to the DCI and could be rote. Overall, the item does not assess what it 
is intended to assess.  

Grade 5 Item 3: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the DCI is required to 
answer the question and is grade appropriate. The 
DCI is used in service of sensemaking.  

The information in the scenario is not necessary to answer 
the question. The SEP is not measured.  

The stated CCC is not measured. The item requires a 
visualization of the DCI but does not assess the SEP. 
Overall, the item does not assess what it is intended to 
assess. 

Grade 5 Item 4: TAPS Findings 

Strengths Improvement Opportunities 
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The information in the scenario is 
necessary to answer the item. A 
substantial portion of the SEP is 
required to answer the question.  

The SEP is different from the identified SEP. It is measured below grade-
level and is not used in service of sensemaking because students are 
expected to read the graph but do not have to apply any ideas from it. The 
stated DCI is not measured. The stated CCC is not measured. Overall, the 
item does not assess what it is intended to assess. 

Grade 5 Item 5: TAPS Findings 

Strengths Improvement 
Opportunities 

The information in the scenario is necessary to answer the item. A substantial portion 
of the SEP is required to answer the question. A substantial portion of the DCI is 
required to answer the question and is grade appropriate. The DCI is used in service of 
sensemaking. The students must connect the data and their understanding that light is 
needed to see. Multiple dimensions are used together. The item measures what is 
intended.  

The SEP is measured 
below grade-level. The 
CCC is not measured. 
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Grade 8 Item 1: TAPS Findings 

Strengths Improvement 
Opportunities 

The information in the scenario is necessary to answer the item. A substantial portion of 
the SEP and DCI is required to answer the question and is used in service of sensemaking. 
Multiple dimensions are used together and sensemaking or problem solving is required. 
Overall, the item does assess what it is intended to assess. 

The stated CCC 
is not measured. 

Grade 5 Item 2: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer the 
item. A substantial portion of the DCI is required to answer 
the question and is used in service of sensemaking. Multiple 
dimensions are used together and sensemaking or problem 
solving is required, however not at grade level. Overall, the 
item does assess what it is intended to assess. 

The SEP is not engaged at grade 
level. The stated CCC is not 
measured. 

 

Grade 5 Item 3: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to answer the item. A substantial 
portion of the SEP and DCI is required to answer the question and is used in 
service of sensemaking. Multiple dimensions are used together and sensemaking 
or problem solving is required. Overall, the item does assess what it is intended 
to assess. 

The application of the 
DCI is at a low level. 
The stated CCC is not 
measured. 

Grade 5 Item 4: TAPS Findings 

Strengths Improvement Opportunities 
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The information in the scenario is necessary to 
answer the item. The SEP and CCC are both 
engaged in this item. Multiple dimensions are used 
together and sensemaking or problem solving is 
required. 

The SEP and CCC are not engaged at 
the appropriate grade level. The DCI is 
not measured. Overall, the item does not 
assess what it is intended to assess. 

 

Grade 5 Item 5: TAPS Findings 

Strengths Improvement Opportunities 

The information in the scenario is necessary to 
answer the item. A substantial portion of the 
SEP and DCI is required to answer the question 
and is used in service of sensemaking. Multiple 
dimensions are used together and sensemaking 
or problem solving is required. 

The stated SEP is not measured with the item, 
rather the reviewers suggested Analyzing and 
Interpreting Data was being assessed. They argued 
that selecting options for a CER is not engaging in 
the cited SEP. The stated CCC is not measured. 
Overall, the item does assess what it is intended to 
assess. 

 

Grade 5 Item 6: TAPS Findings 

Strengths Improvement Opportunities 

A substantial portion of the 
DCI is required to answer 
the question and is used in 
service of sensemaking.  
 

The information in the scenario is not necessary to answer the 
item. The stated SEP is not measured because students do not 
have to evaluate the design to answer the question. The stated 
CCC is not measured. Multiple dimensions are not used 
together and sensemaking or problem solving is not required. 
Overall, the item does not assess what it is intended to assess. 

 

 
Grade 5 Item 7: TAPS Findings 

Strengths Improvement Opportunities 
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A substantial portion of the DCI is 
required to answer the question and 
is used in service of sensemaking. 
An additional alignment to PS1.B.3 
is warranted. 

 

The information in the scenario is not necessary to 
answer the item. The stated SEP is not measured. The 
stated CCC is not measured. Multiple dimensions are not 
used together and sensemaking or problem solving is not 
required. Overall, the item does not assess what it is 
intended to assess. 
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APPENDIX I: GRADE 11 CLUSTER PROTOCOL  
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