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ABSTRACT 

Mass timber is an emerging construction technology growing in popularity in the United 

States. One obstacle in the gradual adoption of mass timber construction is the limited 

availability of qualified engineers and designers. While successful efforts have been made to 

address research topics related to mass timber design and to identify common barriers and 

challenges to the adoption of mass timber as a construction material, little research has been 

conducted to identify desired student outcomes for undergraduate civil or structural engineering 

students working with mass timber after graduation. This thesis describes the development of an 

industry-guided educational resource for curriculum development in order to improve alignment 

between undergraduate student outcomes and employer requirements related to mass timber 

design. A “Developing A Curriculum” (DACUM) chart was produced by a panel of qualified 

industry professionals to identify the tasks, duties, general knowledge, skills, and worker 

characteristics required of successful entry-level structural engineers working with mass timber. 

A second panel of qualified subject matter experts was assembled for implementation of the 

Delphi Survey Methodology, in which experts were instructed to draw upon their opinions and 

perspectives honed through years of industry experience to rank their level of agreement with 

each item and propose changes to the chart. Findings reflect a prioritization of competencies 

related to design of mass timber elements and structures, understanding of material 

characteristics, navigation of available design resources, contributions to project deliverables, 

and support of sustainability goals. The finalized DACUM chart provides clarity on curriculum 

needs to ensure graduating engineers are well-prepared to work with mass timber elements as the 

industry continues to grow in popularity. The chart can be used as a resource to guide the 

development of mass timber engineering educational materials, including learning modules, 

virtual tours, and student assignments to be presented independently or implemented with 

existing engineering coursework.  
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INTRODUCTION AND BACKGROUND 

Mass timber, a class of engineered wood products including cross-laminated timber 

(CLT), glued-laminated timber (glulam), mass plywood panels (MPP), and laminated veneer 

lumber (LVL), has gained substantial traction in the construction industry within the United 

States. This surge in popularity can be attributed to several factors, including the environmental 

benefits, design versatility, and efficient assembly offered by mass timber (MT) construction. 

MT sequesters carbon and may produce lower greenhouse gas (GHG) emissions during 

production than conventional building materials like steel and concrete (Riddle, 2023; Oliver et 

al., 2014). Wood and engineered wood products also have an excellent strength-to-weight ratio 

and possess strong insulation and acoustical properties (Asdrubali et al., 2017). Additionally, MT 

is significantly lighter than concrete by volume and can be prefabricated off-site, facilitating 

faster construction times and reduced labor costs that make MT a popular option for developers 

seeking efficient and cost-effective building solutions (Hassan et al., 2022; Smith et al., 2016). 

The continued development and improvement of MT products has allowed for 

applications beyond traditional light-frame construction buildings (Kuzmanovska et al., 2018). 

The 2021 International Building Code (IBC) included provisions for tall wood structures and has 

been adopted by numerous states and jurisdictions in the United States, increasing the feasibility 

and appeal of using this construction approach for large scale domestic projects (Woodworks, 

2024; Riddle, 2023). Studies analyzing the performance of MT elements under seismic loading 

and fire conditions have led to the development of members and connections resistant to 

earthquakes and fire, addressing issues and misconceptions that once served as barriers to the 

adoption of MT construction materials (Izzi et al., 2018; Timmers & Jacobs, 2018; Ceccotti et 

al., 2013; Shahnewaz et al., 2017; Muszyński et al., 2019; Frangi et al., 2018). Addressing these 

challenges has allowed the industry to meet the rapidly increasing interest in MT construction in 

the United States, which is reflected by the substantial increase in the number of completed MT 

projects across the nation as shown in Figure 1 (Woodworks, 2023). The United States’ 

established dependence on the production and consumption of wood products (particularly in the 

construction industry) coupled with the environmental sustainability, design versatility, and 

construction efficiency offered by MT construction continue to propel this material to the 

forefront of the construction industry in the United States (Alderman, 2022; Brandeis et al., 

2021). 
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Figure 1: Mass Timber Projects Constructed in the United States as of December 2023 

(Woodworks, 2023) 

Significance 

The rapid emergence and continued evolution of MT construction in the United States 

underscores the importance of ensuring that university curriculum adequately prepares students 

for professional success working with new technologies. Recent advancements must be 

integrated into existing curricula or the program risks becoming outdated and irrelevant to 

current industry needs. Including emerging technologies and practices in undergraduate 

programming equips students with the skills needed to adapt to changing professional 

landscapes. It is crucial that university curriculum aligns with current industry needs and trends 

not only to meet the demands of the modern workforce, but also to ensure the professional 

success of graduating students. 

A well-structured college program allows students to explore a diverse range of topics 

that enables them to develop a holistic understanding of their chosen area of study. Additionally, 

a well-crafted curriculum creates opportunities for interdisciplinary work and the development of 

practical skills beyond topics included on course syllabi. Effective programs provide students 

with both the essential knowledge and technical skills relevant to their field and critical thinking 

abilities, problem-solving capabilities, and interpersonal competencies necessary for success in a 

dynamic work environment. Well-structured college programs are particularly important in the 

areas of civil and structural engineering, where the need to gain a deep understanding of a wide 
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breadth of knowledge challenges the ability of students to adequately develop the skills 

necessary for professional success after graduation. The extent to which engineering graduates 

are adequately prepared for entry-level positions after graduation from their university program 

is a topic that requires frequent and ongoing investigation (Balogh and Criswell, 2013).  

Concerns regarding student’s academic preparation for the workforce also exist among 

instructors and faculty members. A recent poll of 176 structural engineering professors at ABET-

accredited universities found that only 12% of respondents answered “most definitely; they have 

the tools and skills, and are ready to perform structural engineering” when asked if their 

undergraduate students were adequately prepared to enter the workforce after graduation 

(Francis, 2019). This result emphasizes two things: 1: if students are to be well-prepared for the 

modern workforce, then current needs and relevant modern technologies (like MT) must be 

addressed, and 2: included coursework must be carefully and intentionally cultivated to produce 

well-equipped graduates without adding to existing course load. Particular care must then go into 

developing MT curriculum, the inclusion of which has already been validated because of its 

unquestionable growth in popularity in the construction industry.  

Because of the challenges associated with adding a new course to undergraduate 

engineering programs, including high student course load, fulfillment of ABET accreditation, 

institution-specific requirements, lack of funding, and availability of qualified faculty, it is 

perhaps a more feasible option to integrate elements of MT education into existing engineering 

coursework. This also presents an opportunity to take an interdisciplinary approach to MT 

design. However, as mentioned above, coursework must be carefully and intentionally designed 

to mitigate existing challenges associated with the completion of a civil or structural engineering 

degree. If curriculum is going to be integrated by individual institutions and instructors, then 

resources must be available to assist in the development of these materials. 

MT’s status as an emerging construction technology means that availability of 

comprehensive educational materials is limited compared to those for more established 

engineering courses such as steel or concrete design. This scarcity of existing resources to assist 

in teaching MT design at the undergraduate level serves as a further barrier to developing and 

implementing high-quality curriculum. To address this challenge, a systematic approach must be 

taken to identify the essential knowledge and skills required for MT engineering and develop 

educational resources that effectively convey these concepts to undergraduate students. 
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Bridging the gap between industry needs and student outcomes ensures that students 

graduate from their university program having learned concepts and materials relevant to current 

industry needs and are well-prepared to succeed in their first career. This can be achieved 

through collaboration with practicing engineers and other industry professionals with adequate 

MT design experience. The implementation of the Developing a Curriculum (DACUM) process 

allows for the creation of a framework for MT engineering education using the diverse opinions 

and perspectives of industry professionals. The validation of the DACUM chart through the 

application of Delphi methodology serves to further enhance the credibility of the results and 

maximize relevance to industry needs. By soliciting input from a panel of MT subject matter 

experts with relevant industry experience, the validity of the identified competencies and 

learning outcomes can be corroborated to ensure alignment with industry needs and educational 

best practices.  

Need for MT Educational Materials 

MTs rise in popularity in the United States has not been accompanied by the development 

of related undergraduate level educational materials. While a lack of existing MT educational 

resources for collegiate structural engineering programs underlines the importance of developing 

such materials and highlights the relevance of this study, it also prevents the analysis of existing 

literature regarding this topic. As a result, several related topics and themes are discussed to 

highlight the need for MT educational materials and provide context for the current condition of 

the MT industry. 

 The identification of barriers hindering widespread adoption of MT construction in the 

United States allows for the analysis of knowledge gaps to address these challenges. Various 

studies and workshops have been conducted to identify barriers limiting the growth rate of MT 

construction that may have previously prevented its acceptance as a conventional construction 

material. 

A survey distributed to the architecture community in 2015 identifying barriers to 

adoption of CLT identified several challenges, including high material and construction costs, 

code compatibility issues, and lack of manufacturing ability within the United States. 

Additionally, the results highlighted deficiencies in the knowledge distribution needed to address 

misconceptions regarding high maintenance costs and fire performance (Mallo & Espinoza, 

2015). Similarly, a questionnaire distributed to respondents in the construction and engineering 
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communities identified several challenges limiting the growth of MT, including cost, poor 

coordination between project team members, design-related difficulties, and lack of experience 

in timber construction (Ahmed & Arocho, 2020). Issues related to high cost, manufacturing 

ability, and code barriers have largely been addressed since the initial survey in 2015. Remaining 

issues include the inexperience and resulting knowledge gaps of designers and constructors 

working with MT. 

A semi-structured questionnaire survey sent to 1200 construction companies, 300 

architecture firms, and 55 MT manufacturers similarly found that construction practitioners in 

the United States have a low involvement level and work experience in timber building design 

and construction. More specifically, 45% of respondents reported ever being involved in a MT 

construction project while only 12% had more than five years of experience working on a MT 

building project (Ahmed & Arocho, 2021). Survey participants also stated that both owners and 

developers lack formal education regarding MT construction and identified lack of experience in 

timber construction as the most substantial challenge during the construction period. Similarly, a 

survey sent out to MT subject matter experts in industry and academia in Canada found that 

96.4% of survey participants ranked “insufficient design experts in the market” as a potential 

barrier in the widespread use of MT (Syed, 2020). Additional studies have further indicated that 

the lack of inclusion of MT-related curriculum in AEC educational programs serve as a barrier to 

producing new graduates with the established knowledge necessary to work successfully on MT 

projects (Laguarda Mallo & Espinoza, 2014; Sheine et al., 2019). 

Identification of barriers to the widespread adoption of MT also allows for the 

prioritization of research needs to address these challenges. Several workshops and seminars 

have been conducted to compile the opinions of AEC professionals regarding current MT 

research needs, including ongoing research needs assessments through the USDA Forest 

Products Laboratory, which utilize the expertise of more than 100 professionals with MT 

experience through the effort-impact method of prioritization (Zelinka et al., 2019). Organized 

findings from these meetings result in extensive lists of current research needs necessary to 

further the growth of MT as a building material. Many of these research topics, including seismic 

resistance, fire studies, and updates to building code have been addressed since the 

commencement of these needs assessments in 2015. Despite industry misconceptions, most 

experts in the MT sector agree that research areas such as fire resistance, seismic performance, 
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and sound transmission have been explored extensively and are largely resolved (Lehmann & 

Kremer, 2023).  

Addressing these research needs was undeniably crucial in overcoming identified barriers 

to the adoption of MT construction. However, these research items are largely technical in nature 

and relate primarily to the material performance, construction costs and logistics, building code, 

manufacturing ability, and industry perceptions related to MT construction. Far less progress has 

been made regarding workforce preparation or educational programming, which has consistently 

remained an identified barrier to the adoption of MT in past decades. This gap demonstrates a 

need to further resources in this area to keep pace with the rapid progress in other areas of MT 

research. 

There is a relative lack of available MT engineering courses and curriculum at the 

undergraduate collegiate level in the United States (Person, 2024). Additionally, even traditional 

timber engineering courses are offered with less frequency than traditional design courses for 

materials like steel or concrete (Perkins, 2016; Francis, 2019). Several inventories of timber 

engineering coursework in the United States and Canada have been conducted in recent years 

(Gupta & Gopu, 2005; Perkins, 2016; Francis, 2019; Daneshvar et al., 2021; Person, 2024). 

A curriculum survey through the National Council of Structural Engineers Associations 

(NCSEA) in 2016 analyzed course offerings from 251 ABET-accredited engineering schools in 

the United States, including courses offered in timber design. Survey results revealed that 55% of 

the included universities offered courses teaching fundamentals of timber engineering to 

undergraduate or graduate students (Perkins, 2016). The repeated survey implemented by 

NCSEA in 2019 found that 52% of 258 surveyed universities offered a wood design course to 

undergraduates (Francis, 2019). This relative lack of course availability, particularly when 

compared to offerings related to materials like concrete or steel, was investigated as part of the 

survey. Primary reasons cited included lack of student demand, lack of school support, lack of 

timber design professors, and imposed unit restrictions (Francis, 2019). 

This implied lack of importance placed on timber coursework does not bode well for 

inclusion of MT curriculum in university programs. However, the continued growth of MT 

construction is undeniable and will only strengthen the need for related design curriculum in 

future years. As a result, it is necessary to consider options for implementing MT design 
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curriculum in existing coursework, even at universities where timber engineering coursework is 

not offered. 

Approaching timber and MT design in the context of composite structures allows for 

integration of timber-related design concepts into existing courses focused on other construction 

materials. In 2019, two timber learning modules were successfully integrated into an existing 

structural steel design course at an accredited university in Canada. A survey distributed to the 

students revealed that the learning modules were successful in providing students with some 

general knowledge of timber and that 76% of students indicated they had some level of 

confidence in contributing to the design of a timber building after completing the modules. 

Additionally, 52% of participating students responded to an open-ended survey question stating 

an interest in further participation in a timber course or module (Chorlton et al., 2019). 

Efforts have also been made to incorporate MT design into existing coursework at the 

university level using an interdisciplinary approach. The implementation of an interdisciplinary 

integrated design studio at the University of Oregon allowed structural engineering and 

architecture students to work in tandem to design timber structures, combining traditional 

lecture, lab, and studio formats to provide students with necessary information and encourage 

collaboration throughout the design process (Sheine et al., 2019). The project was successfully 

repeated and further developed in following years to incorporate additional MT structures and 

design elements. The intentional design of this program allowed the coursework to extend 

beyond the basics of MT design and encouraged students to develop their communication and 

problem-solving skills through collaboration with members of their design team. 

The ability to integrate MT educational modules or units into existing coursework makes 

this opportunity more accessible to multiple universities and further emphasizes the need for 

available educational materials. Several professional organizations and resources exist to further 

the MT design knowledge of current industry professionals through on-the-job training (OJT), 

certifications, and seminars. Far fewer of these resources exist for undergraduate students. Some 

resources, such as templates for the creation of syllabi, have been developed to guide instructors 

unfamiliar with timber engineering with creating an undergraduate course (Lawson et al., 2020). 

Additionally, NCSEA has published a proposed course outline for a timber education module 

created to fulfill their list of core timber knowledge requirements (Dong, 2015). The Wood 

Education Institute (WEI) was created in 2008 to assist in offering wood education for 
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undergraduate, graduate, and continuing education programs, but has since been dissolved due to 

lack of funding (Okoye et al., 2017). However, recent interviews with 11 structural engineering 

instructors teaching timber-related courses reflected a belief that there is a significant gap in 

educational resources related to timber design, including lecture materials, notes, practice 

problems, assessment materials, and student design projects (Person, 2024). Increasing public 

awareness of existing materials while also developing additional educational resources that can 

be customized to an instructor’s specific needs will increase the feasibility of including timber 

and MT related material at the collegiate level. 

This paper aims to identify desired competencies and characteristics of a structural 

engineer-in-training (EIT) working with MT to serve as a resource for the alignment of student 

outcomes at the undergraduate level. Background information regarding the use of the DACUM 

and Delphi methodologies will be presented. The selection method for DACUM and Delphi 

panelists will be described, and the implementation of each study presented. Results from each 

process will be described and compared to analyze items considered most crucial for inclusion in 

MT design curriculum.  

DACUM Background 

The DACUM process, widely used in vocational education and workforce development, 

offers a systematic approach to identify the knowledge, skills, and tasks required for effective 

performance in a specific occupation (CETE, 2024). A DACUM chart can then be developed to 

outline the foundational competencies and learning outcomes necessary for MT engineering 

education. The resulting chart serves as an educational resource to guide the development of 

curriculum that incorporates the insights of subject matter experts. This method places 

importance on collaboration between educators and industry professionals to bridge the gap 

between academic student outcomes and desired worker competencies. The completed DACUM 

chart ensures that educational content is in close alignment with industry needs and serves as a 

blueprint for the development of academic and training programs. 

A specific job title, along with an implied level of expertise, must be selected for the 

creation of a DACUM chart. After identifying this role, a group of industry professionals with 

experience regarding this job title are invited to serve as DACUM panelists. A facilitator 

conducts a meeting with these panelists to systematically determine what tasks and competencies 

are typically required for the selected profession. Panelists may also intentionally select verbs 
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from Bloom’s Taxonomy for each task with the intention of assigning a minimum cognitive level 

to each item, a process also used in the development of the Civil Engineering Body of 

Knowledge (CEBOK) (ASCE, 2004). The panel identifies the desired skills, traits, 

characteristics, and knowledge that an individual should possess to be successful in the selected 

position. The subject matter experts are expected to share their opinions based on their own 

experience and engage in collaborative discussion, allowing for the iterative development of 

tasks and competencies incorporating the perspectives of all panelists. The resulting tasks and 

competencies are typically documented and shared on a large screen during the meeting. These 

results are later organized and reformatted into the finalized DACUM chart. 

The job title of “Mass Timber Engineer-in-Training (EIT)” was selected. It was 

determined that the resulting DACUM chart would be created to guide the development of 

undergraduate curriculum and that the identified tasks and competencies should be relevant to a 

hypothetical new employee who had recently graduated from their undergraduate program and 

was within one year of working in the selected position. The final chart is intended to be used in 

the creation, design, or analysis of curriculum to ensure that recent graduates are well-equipped 

to address the demands of the modern market. 

Delphi Background 

The Delphi method, a structured technique used to achieve consensus among a panel of 

experts on a particular topic, allows for iterative rounds of feedback and refinement of ideas. 

Originally developed in the 1950s, the method is named after the Oracle of Delphi in ancient 

Greece to symbolize the forecasting ability of a group of knowledgeable individuals sharing their 

collective wisdom (Keeney et al., 2011). The Delphi method has a variety of applications and 

can be used to facilitate group problem solving, aid in decision making, forecast future scenarios, 

assist in program planning, augment areas of incomplete knowledge, or investigate and predict 

what does not yet exist (Skulmoski et al., 2007; Balogh et al., 2013). The Delphi method has 

been successfully used for a variety of topics and remains a common research method for 

doctoral dissertations (Skulmoski et al., 2007). It has been used in several engineering areas, 

including competencies for graduate structural engineering students, service systems 

engineering, and engineering pedagogy (Balogh et al., 2013; Sorby et al., 2005; Rüütmann, 

2022). The Delphi method’s potential use as a forecasting technique and reliance upon the 
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unified opinion of an expert panel lends its credibility for application to an emerging 

construction technology like MT.  

The method involves the use of multi-round anonymous surveys intended to generate 

informed opinions without the bias that may arise from face-to-face interactions. A selected 

panel completes an initial survey within their area of expertise, the results of which are compiled 

by a facilitator. The facilitator removes any items that have reached consensus and redistributes a 

new survey with only the items that have not yet reached agreement. The facilitator also provides 

a summary of responses to the panelists to encourage them to revise their opinions in subsequent 

rounds, particularly regarding items that may be a source of disagreement in the group. The 

results of the subsequent survey are compiled, and the process is continued until consensus is 

reached on all items. 

In the context of a Delphi survey, consensus refers to the measure used to ascertain 

whether the panel of qualified experts has reached a certain level of agreement on a specific 

item. The consensus method is often selected based on the size or characteristics of the selected 

panel. Commonly used consensus methods include the statistical measures of mode, median, 

mean, interquartile range, coefficient of relative variation, and average percent of majority 

opinion (APMO). The selected consensus method for this study was median (measure of central 

tendency). It was determined that items would reach consensus when at least 70% of the answer 

values fell within a half bin of the median answer of the group. It is worth noting that consensus 

can be reached in favor of or against a task, meaning panelists have the ability to either include 

or eliminate items during the Delphi process. 

For this study, the Delphi methodology was applied to the preliminary DACUM chart 

because of MT’s emergence as a recent technology. Additionally, the opinions of the qualified 

expert panelists completing the Delphi process serve to validate and supplement the perspectives 

of the original DACUM subject matter experts. The final version of the chart after the Delphi 

process is thus subjected to more scrutiny than the traditional DACUM chart and is therefore 

better suited to guide the development of curriculum to prepare new graduates for success in the 

MT industry. 
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METHODS 

Overview 

Review of existing literature and recent coursework inventories revealed a lack of 

available timber design courses in the United States, highlighting the extensive gaps in MT 

education and emphasizing the need of materials to assist in curriculum development. A job 

analysis was performed to identify and characterize key occupational roles in the field of MT 

engineering and requirements for successful employees. This was done by conducting a 

DACUM workshop of selected subject matter experts to identify the tasks and duties required of 

a new engineer working in the MT industry. This engagement with industry professionals 

yielded a DACUM chart aimed to assist in the success of university students by outlining the 

requirements of the industry. The results of this meeting also served as a bridge between the 

broad, overarching concepts identified in needs analysis and the specific tasks a MT EIT may be 

required to perform. 

 Task verification was conducted through an initial review of the DACUM chart to ensure 

the accuracy and relevance of tasks and duties determined during the panel meeting. This 

validation process involved redistributing the compiled results of the DACUM meeting to the 

original six panelists one week after the meeting concluded. Panelists were asked to indicate 

their general level of agreement with each task and duty by indicating “agree”, “needs 

improvement”, or “disagree” to verify the importance of each item for a MT EIT. Panelists were 

also asked to provide feedback regarding any items that they felt were missing or should be 

excluded from the finalized chart. The passage of time since the convening of the panel paired 

with the change in format of the review process (face-to-face verbal interaction in a group setting 

versus individual written review) strengthened the validatory power of the task verification. 

It was determined that all reviewed tasks included on the preliminary DACUM chart 

would be subjected to the Delphi survey method. The scrutiny placed on each task by a new 

group of panelists would serve as the task selection to further validate the results of the chart and 

identify high-priority tasks to be included in training and curriculum development. Additionally, 

items which reached consensus on “disagree” or “strongly disagree” during the Delphi process 

were eliminated from the DACUM chart, meaning all tasks and duties remaining after the task 

selection were curated by the panelists and deemed particularly significant to the role of a MT 
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EIT. The process used for the creation of the DACUM chart and validation through the Delphi 

Method is shown in Figure 2. 

 

Figure 2: Overview of DACUM and Delphi Progression 
DACUM Panel 

DACUM panelists were intentionally selected because of their relevant work experience, 

contributions to multiple MT projects, and proven expertise in the area of MT engineering. 

Potential participants were drawn from the list of engineering professionals attending the 

International Mass Timber Conference in 2023, which concluded the day prior to the panel’s 

convening. This conference was the primary professional development event for MT 

professionals and it was assumed that the majority of individuals qualified to serve on a MT 

DACUM panel would also be attending the event. Seven individuals were contacted regarding 

their participation in the DACUM panel and six were able to attend the meeting. 

Four of the selected panelists were licensed engineers working at structural engineering 

or AEC firms who had recently worked on MT projects. The remaining panelists worked for a 

CLT manufacturer and construction technology firm. The panelists included three men and three 

women. The six selected panelists’ job titles, state of residence, and years of professional 

experience at the time of the panel are shown in Table 1.  
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Table 1: DACUM Panelist Information 

  Job Title Licensure Location 
Professional 

Experience 

Panelist #1 Partner at structural engineering firm P.E., Dipl. Ing. British Columbia, CA 30+ years 

Panelist #2 Associate at engineering firm P.E., S.E. Oregon, USA 16 years 

Panelist #3 
Vice President of Products and Technology 

at construction technology firm 
- Washington, USA 19 years 

Panelist #4 
Vice President - Structures at structural 

engineering firm 
P.E., S.E. New York, USA 18 years 

Panelist #5 
Senior Director of Mass Timber at mass 

timber manufacturer 
- Wisconsin, USA 8 years 

Panelist #6 
Principal and Co-Founder at AEC 

consulting firm 
S.E. Illinois, USA 10 years 

     

DACUM Meeting 

The selected panelists met in person to collaborate in the creation of a DACUM chart 

outlining the desired MT-related competencies of a hypothetical new EIT immediately after their 

completion of an undergraduate engineering degree at an accredited university. The panelists 

were instructed to identify the duties, tasks, traits, and skills required by the hypothetical EIT’s 

employer to successfully complete a MT project. These findings would be documented in the 

DACUM chart to serve as a resource in determining desired student outcomes at the university 

undergraduate level. A prepared list of possible skills, work areas, concepts, and objectives 

required of a new engineer was displayed at the start of the meeting to help panelists eliminate 

any items not specific to MT projects and to brainstorm items that were not included on the 

prepared list. Panelists exchanged ideas and worked together to identify items the group 

considered to be most important. 

Panelists were then instructed to add verbs from Bloom’s Taxonomy to each item to 

create a task to be fulfilled by the hypothetical engineer. These tasks were grouped together to 

identify an overarching concept that encompassed each set of items. Tasks were combined, 

elaborated upon, and clarified as needed. Concept groupings were re-worded to become “duties” 

under which each series of tasks fell. A simplified example of this process is shown in Figure 3. 

After the preliminary tasks and duties were completed, panelists were asked to rate each task as 

Level 0 (basic familiarity), Level 1 (identify/describe), Level 2 (assess/analyze), or Level 3 

(create) depending on the anticipated level of knowledge for the hypothetical EIT. Panelists also 

viewed a list of general skills and worker characteristics to identify traits that were most relevant 
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to a MT engineer. Panelists were told that any verb additions, concept groupings, or skills 

identification that were not completed during the allotted meeting time would be included for 

their review in the meeting results distributed the following week. 

 

Figure 3: Example Creation Process for Tasks and Duties 

DACUM Panelist Review 

Results of the panel meeting were compiled to match the traditional DACUM format, 

then redistributed to the original panelists for a secondary analysis one week after the panel 

convened. Panelists were instructed to review the preliminary DACUM chart and designate their 

level of agreement (“agree”, “needs improvement", or “disagree”) with each task. They were 

also asked to re-identify crucial worker characteristics and leave general comments regarding the 

results of the chart. Four of the six panelists completed the review process and returned 

comments on the chart. Coincidentally, Panelist #3 and Panelist #5 did not complete the review 

process, meaning the four reviewed charts came from the engineers participating in the panel.  

Several tasks were eliminated from the DACUM chart in light of the panelist’s review 

comments by considering the average of the four respondent’s answers and removing any tasks 

with an average level of agreement falling below “needs improvement”. Comments from each 

panelist were also used to re-word 10 tasks, primarily to alter the Bloom’s Taxonomy verb or to 

clarify or elaborate upon the meaning or scope of the task. The DACUM chart was updated to 

reflect these changes and prepared for distribution to a new panel of qualified experts. 
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Delphi Panel 

Because the effectiveness of the Delphi process is dependent upon the opinion of a small 

group of qualified experts, it was particularly important to select panelists whose experience and 

expertise in the field of MT engineering yielded them qualified to review the results of the 

DACUM panel. A qualifications survey was developed in a digital format and distributed to 

known contacts working in the MT industry. Several requirements related to work experience, 

licensure, and educational background were assessed through the survey with the purpose of 

identifying individuals with enough experience and industry knowledge to serve as Delphi 

subject matter experts. Table 2 displays the questions and results of the qualifications survey. 

Respondents were able to leave additional comments at the end of the survey clarifying or 

elaborating upon their survey answers. Fourteen respondents completed the qualifications survey 

and nine were selected for participation in the Delphi Process. 

Table 2: Results of Delphi Qualifications Survey 

 

The first four questions in the qualifications survey contributed to the accumulation of 

points based on respondent’s answers. Respondents were given one point for completing at least 

one engineering design course at the university level and three points if they received an 

engineering degree from an accredited university, both of which were true for all respondents. 

The third and fourth questions assessed the length of time the respondent had worked in the 

structural engineering industry and if they held a professional license. It should be noted that the 

Respondent Number: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Did you receive an engineering 

degree from an accredited 

university? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Have you completed at least one 

university-level structural design 

course (i.e. concrete, steel, timber, 

masonry, etc.)? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Do you have a Professional Engineer 

(PE) license? 
Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes 

How many years have you worked 

as a licensed structural engineer? 
21 23 36 20 0 45 15 0 0 25 10 0 15 26 

Have you signed/sealed plans for a 

structure utilizing mass timber? 
No No Yes Yes No No Yes No Yes Yes No No No No 

How many mass timber-focused 

projects have you worked on? 
25+ 15 50 5 2 0 100 0 50 80 4 10 15 4 

Point total: 8 8 8 8 4 8 8 4 4 8 7 4 8 8 

Experience requirement met? Yes Yes Yes Yes Yes No Yes No Yes Yes Yes Yes Yes Yes 
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fourth question asked how long the respondent had worked as a licensed structural engineer 

when it could have been more accurately worded as “How many years have you worked as a 

licensed engineer in structural design?”. This question required independent verification of the 

respondent’s answers after completion of the survey. Respondents were given four points if they 

had worked for 15 or more years as a licensed engineer, three points for ten to 14 years, two 

points for five to nine years, or one point for less than five years.  

The fifth and sixth questions of the survey referred to the respondent’s experience 

working with MT. The respondent was required to have signed or sealed plans for a structure 

utilizing MT or worked on at least one MT-focused project to be included in the group of 

qualified experts. Importance was placed on this requirement because of the focus on finding 

practicing engineers to provide an industry perspective on MT education as a part of the 

DACUM process. If the respondent did not meet the criteria outlined in either of these questions, 

they were automatically eliminated from the panel. 

The results of the survey showed that two participants (Respondents 6 and 8) did not 

meet the requirements regarding MT design experience. While Respondents 5, 9, and 12 had 

adequate design experience, they had point totals of four while the remaining respondents had 

point totals of at least seven. As a result, these five respondents were eliminated from the pool of 

qualified candidates. The remaining nine respondents were notified of their inclusion in the panel 

of qualified experts and invited to participate in the Delphi survey process. Respondent 14 did 

not respond to their invitation and was removed from the panel before the survey was distributed. 

All eight of the selected experts had an engineering license and had worked in the 

engineering industry for at least 10 years. Three experts hold doctoral degrees, and two experts 

have experience teaching timber related courses at the university level. The experts were asked 

to provide their job title as a part of the qualifications survey. The job title, credentials, and state 

of residence of each respondent at the time of survey completion are shown in Table 3. 

. 
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Table 3: Delphi Expert Information 

Expert 

Number 

Respondent 

Number 
Job Title Credential Location 

Expert #1 Respondent #1 Principal Lecturer at a public university 
Ph.D., P.E., 

S.E. 
Maine, USA 

Expert #2 Respondent #2 President of construction company P.E. Michigan, USA 

Expert #3 Respondent #3 President and CEO of engineering firm Ph.D., P.E. Colorado, USA 

Expert #4 Respondent #4 
Vice President and COO of engineering firm, 

Adjunct Professor in structural engineering 
P.E. Arkansas, USA 

Expert #5 Respondent #7 
Principal and Director of Mass Timber at 

engineering firm 
P.E. Oregon, USA 

Expert #6  Respondent #10 
Principal in fire protection engineering at 

engineering firm 
P.Eng. 

Washington D.C., 

USA 

Expert #7  Respondent #11 Associate Principal at engineering firm P.E., S.E. California, USA 

Expert #8  Respondent #13 Research General Engineer at national laboratory Ph.D., P.E. Wisconsin, USA 
 

The Delphi process relies upon the use of an expert panel in which participants are 

carefully selected because their work experience and qualifications separate them from 

individuals conducting similar work. Because of the focus on qualified experts, there is no need 

to select a large number of individuals to ensure that panelists are representative of groups with 

varying degrees of knowledge and experience working with MT. Rather, panelists are 

intentionally selected to serve as a representative sample of the relatively small pool of experts, 

validating the use of a small data set.  

Delphi Survey Method 

Round 1 Survey 

The Delphi procedure was used to validate the tasks, general knowledge and skills, and 

worker characteristics obtained from the DACUM panel. The results of the DACUM chart 

reviewed by the panelists in Portland were reformatted to a digital survey format in which 

respondents were asked to rate each task using the Likert scale (strongly disagree, disagree, 

neutral, agree, and strongly agree) (see Figure 4). Because the Delphi process includes opinions 

regarding word choice and clarity, all tasks were copied verbatim from the preliminary DACUM 

chart to the Round 1 survey and tasks remained grouped by duty. 
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Figure 4: Tasks in DACUM format (left) and Delphi Survey Format (right) 

The “General Knowledge and Skills” section of the survey required respondents to 

indicate whether they considered each skill or requirement to be particularly important for EITs 

working in MT design. Rather than using the Likert scale, respondents were asked to indicate 

whether they agreed or disagreed that a student should be able to demonstrate each skill after 

graduating from their university. Similarly, respondents were given a list of worker 

characteristics and asked whether they agreed or disagreed that each trait was particularly 

important for MT EITs. It was determined that the Software and Future Trends and Concerns 

sections of the DACUM chart would not be subjected to the Delphi process to optimize the 

length of the survey to promote expert participation and retention.  

The survey began with a brief description of the background and use of the DACUM 

chart and instructions for completing the survey. Experts were told that their primary role was to 

rate each task based on whether they believed a newly graduated engineer should be able to 

perform the task within their first year of work as a structural EIT working on MT projects. 

Experts were also reminded that they were selected to complete the survey because of their 

experience working with MT and encouraged to draw upon their professional experiences and 

knowledge during the completion of the survey.  
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The Round 1 survey was distributed in September 2023. Experts were asked to complete 

the survey within two weeks of the distribution date. The survey did not have a time limit and 

allowed experts to complete the questions in multiple sittings. 

Round 2 Survey 

 Any tasks, worker characteristics, and general knowledge and skills items that reached 

consensus in the Round 1 survey were removed from the Round 2 survey. Items that had reached 

consensus with a median value of 1 (strongly disagree) or 2 (disagree) were removed from both 

the Round 2 survey and the preliminary DACUM chart. Additionally, one task and one worker 

characteristic were re-worded based on comments from the Round 1 survey. A report of Round 1 

survey results was created showing the median value and consensus percentage for each 

remaining task, skill, and worker characteristic. The report also included relevant comments 

from experts to allow respondents to anonymously share their opinions regarding certain items. 

The experts were asked to read through the report (particularly the comments) and encouraged to 

use the report while completing the Round 2 survey. The inclusion of comments in the report 

was intended to assist experts in considering different perspectives and answers contrary to their 

own opinion. An email containing the Round 1 survey results report, instructions, and a link for 

the Round 2 survey (identical in format to the Round 1 survey) was sent to each expert at the end 

of October 2023. All eight experts completed the Round 2 survey in less than two weeks. 

Round 3 Survey 

 Any tasks, worker characteristics, and general knowledge and skills items that reached 

consensus in the Round 2 survey were removed from the Round 3 survey. Again, items that had 

reached a consensus on “disagree” or “strongly disagree” were also removed from the 

preliminary DACUM chart. Unlike the summary report for the results of the Round 1 survey, the 

summary report for the Round 2 survey was customized specifically for each expert. In addition 

to showing the group’s median answer and consensus percentage for each task, the Round 2 

summary report also included a graphic displaying the respondent’s answer for each task 

compared to answers from the rest of the group, as shown in Figure 5. The report included 

relevant comments for each duty from the Round 1 and Round 2 surveys. The experts were 

asked to read through the report and consider how their answers compared to those of the rest of 

the group. This comparison was meant to encourage respondents who provided answers far from 

the median value to reconsider their opinion during the Round 3 survey. The final survey, in the 
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same format as the first two surveys, was distributed to experts in late November 2023 alongside 

restated instructions and the individualized report of results summarizing Round 2. All eight 

experts completed the Round 3 survey within three weeks of the initial distribution date.  

 

Figure 5: Excerpt from Round 1 Survey Summary Report (left) and Round 2 Survey Summary 

Report (right) 
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RESULTS AND DISCUSSION 

A Priori Results: Preliminary DACUM Chart 

46 tasks were recorded at the conclusion of the DACUM meeting in Portland. 44 of these 

tasks were ranked and sorted into one of seven duties while two tasks remained unsorted and 

unranked at the conclusion of the meeting. The results returned from the DACUM panelists’ 

review in the weeks following the meeting in Portland eliminated three of the 46 tasks on the 

initial DACUM chart.  

 Comments voiced by multiple panelists during the DACUM review process included 

concern that a task was not highly relevant to a structural engineering position or disagreement 

with the decided level of importance for each task (Level 0, 1, 2, or 3). One panelist also 

indicated that there were several tasks that a new engineer would not be expected to know how 

to complete upon graduation from their degree but should be able to learn to perform within their 

first year of work.  

Seven duty categories remained after the review of the chart by DACUM panelists. Of 

the seven duties, the largest were “Duty D: Design safe, serviceable, constructable, and durable 

mass timber structures” with 12 tasks, “Duty E: Contribute to the development of project 

deliverables” with nine tasks, and “Duty A: Demonstrate knowledge of engineering design” with 

six tasks. 27 of the 43 tasks (63.8%) were classified into one of these three duty categories, 

showing an importance on tasks related to the design of MT structures and resulting development 

of project deliverables.  

Because the knowledge level designations assigned to each task correlate with the depth 

at which the EIT would be expected to understand the task, it is implied that tasks with a high 

level of understanding are more valued by panelists than those requiring only basic familiarity. 

This also implies that it would be prudent to include tasks ranked as Level 3 in university 

curricula if student outcomes are to align well with industry expectations. The level designations 

assigned to each of the 43 tasks sorted into seven duties are shown in Table 4. Please note that 

“Duty X: Communicate with stakeholders” is named as such because of this duty’s later 

elimination during the Delphi survey process. 
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Table 4: Distribution of Task Level Designations by Duty 

Duty 

Total 

number  

of tasks 

Level 3 Level 2 Level 1 Level 0 

“Create” 
“Assess/ 

Analyze” 

“Identify/ 

Describe” 

“Basic 

Familiarity” 

 A: Demonstrate knowledge of engineering design 6 3 2 1 0 

 B: Understand mass timber characteristics 4 3 1 0 0 

 C: Navigate network of mass timber resources 3 1 1 0 1 

 D: Design safe, serviceable, constructable, and 

durable mass timber structures 
12 3 5 4 0 

 X: Communicate with stakeholders 4 0 1 1 2 

 E: Contribute to development of project 

deliverables 
9*  2 1 2 3 

 F: Support project sustainability goals 5 0 1 3 1 

Totals: 43* 12 12 11 7 

*One task from Duty E did not receive a level rating during the DACUM panel meeting or review process 
 

Nine of the 12 tasks designated as Level 3 were classified within Duties A, B, and D, 

highlighting a prioritization of tasks related to engineering design, material properties, and the 

design of MT structures. Inversely, Duties X and F contained no tasks prioritized as Level 3 and 

only two tasks designated as Level 2, reflecting that expertise in stakeholder communication or 

understanding of project sustainability goals may not be necessary immediately upon completion 

of an undergraduate degree. The distribution of knowledge level designations by duty are shown 

in Figure 6. 

 

Figure 6: Distribution of Task Level Designations by Duty 

Closer analysis of tasks with low level designations provides insight into industry 

expectations for new engineers. For example, tasks designated as Level 0 or 1 within Duties E 
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and F were largely industry-related skills dependent upon the preferences and protocols of the 

hypothetical EIT’s company, including knowledge of project delivery methods and approval 

processes, engineering and construction workflows, project sustainability goals, and limitations 

with manufacturing and installation. Panelist comments reflected that these types of tasks could 

be developed during early years of employment, implying that these topics need not be primary 

focuses of MT design curriculum at the undergraduate level despite their importance in the 

successful completion of MT construction projects. It follows that tasks within Duties A, B, and 

D are then better suited for integration into undergraduate design curriculum as students are 

expected to have a higher level of expertise in these areas after graduation. The results of the 

preliminary DACUM chart can be found in Table 14 and Table 15 in the Appendix. 

Results by Delphi Round 

 The results of the Delphi method serve as a measure of validation of the preliminary 

DACUM chart. Because each survey round could not be concluded until all experts had the 

survey, results from each round of the Delphi process can be analyzed individually. A summary 

of the number of tasks reaching consensus by survey round are shown in Table 5. Please note 

that the term “Consensus - Included” refers to items included on the final DACUM chart which 

reached consensus with a median value of “neutral”, “agree”, or “strongly agree.” Tasks referred 

to as “Consensus - Excluded” were eliminated from the final DACUM chart when consensus 

was reached with a median value of “disagree” or “strongly disagree” for these items. 

Information regarding the methodology and rationale for the inclusion or elimination of tasks 

during “Post-Delphi Analysis” can be found in section “Round 3 Survey Results”. 

Table 5: Summary of Consensus Tasks by Survey Round 

 
Number of 

tasks in survey 

Tasks reaching 

consensus 

Consensus - 

Included 

Consensus - 

Excluded 

Round 1 43 13 12 1 

Round 2 30 11 5 6 

Round 3 19 5 5 0 

Post-Delphi 

Analysis 
14 - 10 4 
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Round 1 Survey Results 

The Round 1 survey distributed as part of the Delphi process included 43 tasks grouped 

into seven duties. Additionally, 32 worker characteristics and 11 general knowledge and skills 

items were included in the survey. Results showed that 13 of the 43 tasks, ten of the 11 general 

knowledge and skills items, and 27 of the 32 worker characteristics reached consensus during the 

first Delphi round. Most of these tasks reached consensus in favor of including the item on the 

DACUM chart. One task and one general knowledge and skills item were removed from the 

chart as the consensus reached was in favor of excluding these items. The one task that was 

eliminated was classified as Level 0 by the DACUM experts, implying that both groups placed a 

relatively low level of importance on this task.  

Of the 12 tasks that reached consensus for inclusion in the chart, five had no contrary 

answers among the experts (that is, all eight experts answered either “strongly agree”, “agree”, 

and “neutral” or “strongly disagree”, “disagree”, and “neutral”). For the remaining seven tasks, 

only one expert answered contrary to the rest of the group (for example, answered “disagree” 

while the other seven experts answered “neutral”, “agree”, and “strongly agree”). The contrarian 

answers did not consistently come from the same expert, although Expert #7 answered contrary 

to the rest of the group for three of these tasks.  

Comments from experts were helpful in ascertaining the reasoning behind answers 

distant from the median value and gaining insight into the approach they took to complete the 

survey. Several comments voiced the opinion that new graduates typically require on-the-job 

training and direct supervision to develop the skills necessary to complete a task. Others debated 

whether included tasks should be expected of an EIT or if they should be the responsibility of an 

experienced engineer or project manager. Additionally, several experts included comments 

indicating that their past experience with EITs had influenced their perspective regarding 

expectations for a newly hired EIT, for example, Expert #3 stated “It would be wonderful if new 

grads could produce complete member design and lateral design, but I have stopped expecting it 

for some time”.  

Comments from experts were also used to consider items that could be re-worded for 

clarity or specificity. One task in Duty D related to the use of current MT design standards was 

re-worded to clarify that the engineer would only be expected to follow current standards 

relevant to their location and industry sector. The worker characteristic “has hands-on work 
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experience” was rewritten for clarification as “has prior work experience (internship)” for future 

rounds. 

Round 2 Survey Results 

The Round 2 survey contained 30 tasks, five worker characteristics, and one general 

knowledge and skills item. 11 of the 30 remaining tasks reached consensus, of which five were 

included and six excluded from the final DACUM chart. All five remaining worker 

characteristics reached consensus while the item in the general knowledge and skills section 

remained unresolved. Of the items that reached consensus during the Round 2 survey, more 

reached consensus in favor of elimination than inclusion. The six eliminated tasks came from 

“Duty D: Design safe, serviceable, constructable, and durable mass timber structures”, “Duty X: 

Communicate with stakeholders”, and “Duty E: Contribute to development of project 

deliverables”. 

“Duty E: Contribute to development of project deliverables” contained nine tasks at the 

start of the Delphi process. Eight of these tasks reached consensus after the two survey rounds, 

four in favor of inclusion and four in favor of exclusion. Comments from experts conveyed the 

opinion that most tasks under this duty could be learned during the hypothetical EIT’s early 

years of employment. Other comments related to the extent to which a new engineer should be 

able to perform the tasks, for example: “For [this set of tasks], I think that they should be able to 

do this, with some time, effort, and possibly support. In other words, they should be able to call a 

supplier to determine available MT, they should understand the likely failure modes and material 

properties listed in specifications, and they should be able to explain but not necessarily calculate 

long term changes, but not necessarily have a full understanding of their ramifications...” 

The experts left more comments for the Round 2 survey than they had for the Round 1 

survey, often addressing the statements from other experts on the results report. This allowed 

experts to consider the opinions and perspectives of the rest of the group to a greater extent while 

completing the Round 3 survey. 

Round 3 Survey Results 

The Round 3 survey contained 19 tasks and one general knowledge and skills item. Five 

of the 19 remaining tasks reached consensus, all of which were included in the DACUM chart. 

The remaining general knowledge and skill item did not reach consensus and was eliminated 

from the chart as most experts consistently voted to exclude this item. It was previously 
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determined that the Delphi process would only include three survey rounds to keep all eight 

experts engaged in participating throughout the duration of the study. As a result, additional 

analysis of survey results was needed to determine whether to include or exclude the remaining 

items that had not yet reached consensus. 

Of the 14 remaining tasks, six had results containing no contrary answers among the 

experts (that is, all eight experts answered “strongly agree”, “agree”, or “neutral” for each of 

these six tasks). While these items did not technically meet the selected measure for consensus 

(limited deviation from median value), the rationale that all experts agreed with or were neutral 

regarding the inclusion of these items allowed for the decision to include each task on the 

DACUM chart. Conversely, one task that had not reached consensus was eliminated from the 

final DACUM chart as all eight experts answered “strongly disagree”, “disagree”, or “neutral” 

for this item. 

Of the seven remaining tasks, five had results containing only one contrary answer 

among the experts (for example, seven experts answered neutrally or in favor of inclusion while 

only one expert answered in favor of elimination). For two tasks (both grouped under “Duty F: 

Support project sustainability goals”), all experts responded with “strongly agree”, “agree”, or 

“neutral” except for Expert #4. It was determined that these two tasks would be included in the 

DACUM chart.  Similarly, for three tasks (all related to communication with stakeholders and 

the development of project deliverables), all experts responded with “strongly disagree”, 

“disagree”, or “neutral” except for Expert #2 and were eliminated from the DACUM chart. The 

consistent positions of Expert #4 as a contrarian to the inclusion of sustainability related items 

and Expert #2 as a proponent for items other experts considered better developed through OJT 

further validated the rationale for including or eliminating these five tasks. 

 The two remaining tasks had a neutral median and average value as the eight experts’ 

answers were distributed fairly evenly between “agree”, “neutral”, and “disagree”. Both tasks 

were included in the final DACUM chart as it was more prudent to include the tasks than to 

eliminate them. After this final curation of tasks, it was discovered that all four tasks within 

“Duty X: Communicate with stakeholders” in the preliminary DACUM chart had been 

eliminated from the final chart. To reflect these changes, Duty X was removed from the 

DACUM chart. 
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Final Results: Final DACUM Chart 

The results of the final DACUM chart are shown in Table 6. This chart can be compared 

to Table 14 and Table 15 in the Appendix, which present the results of preliminary DACUM 

Chart prior to exposure to the Delphi Methodology to identify items that were eliminated or re-

worded from the preliminary DACUM chart during the application of the Delphi Methodology. 

A parenthetical note after the title of each duty signifies whether any tasks were eliminated from 

that category during the Delphi process and are no longer shown on the DACUM chart.  
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Table 6: Results of Final DACUM Chart 
 Duty A: Demonstrate knowledge of engineering design (0 tasks eliminated) 

A1  Produce complete member design and sizing (including connection design and design for fire resistance) 

A2  Design connections 

A3  Evaluate fastener types and behavior with various materials 

A4  Analyze design needs for composite structural elements 

A5  Examine vibration analysis results 

A6  Apply lateral design (seismic, wind) to MT system 

 Duty B: Understand MT characteristics (0 tasks eliminated) 

B1  Assess MT material properties and failure modes 

B2  Evaluate material grades and species 

B3  Identify types of MT available from specific suppliers/manufacturers 

B4  Explain long-term/post occupancy changes, including creep, shrinkage, and fatigue 

 Duty C: Navigate network of MT resources (0 tasks eliminated) 

C1  Summarize available MT design resources (Woodworks, ThinkWood, design manuals, etc) 

C2  Acquire and analyze research data to apply to design 

C3  Participate in ongoing education (presentations, code committees, etc.) 

 Duty D: Design safe, serviceable, constructable, and durable MT structures (2 tasks eliminated) 

D1 
 Assess what is allowable under design code (IBC, ICC) including construction types, gross floor areas, fire        

-rating requirements, building heights, etc. 

D2 
 Follow current standards relevant to location and industry sector, for example: NDS, O86 Eurocode (EC5), 

-PRG320, LVL standard, Glulam standard (ANSI 117/190.1), ASTM standards (D) 

D3  Evaluate paths for MT fire design 

D4  Understand necessary fabrication tolerances 

D5  Design for standardization/replicability 

D6  Design for durability/adaptability 

D7  Understand testing methods for development of standards and NDE techniques 

D8  Understand general MT testing, certifications, and requirements 

D9  Understand basic principles for DFMA including panelization, sequencing, and site and design constraints 

D10  Design for bulk water/moisture management for structural elements 

 Duty E: Contribute to development of project deliverables (5 tasks eliminated) 

E1  Evaluate project drawing set and shop drawings 

E2  Sequence mass timber design tasks into workflow 

E3  Develop design aids and programs for internal use 

E4  Participate in site visits and observe installation 

 Duty F: Support project sustainability goals (0 tasks eliminated) 

F1  Explain LCA, carbon, and sustainability principles/counterpoints in the context of MT 

F2  Describe sustainable forestry and material procurement 

F3  Assess EPDs and comparative LCAs 

F4  Explain design for deconstruction principles (circular economy) 

F5  Identify sustainability/LCA tools 

*Acronym definitions can be found in Figure 11: Published Finalized DACUM Chart: Page 3 in the Appendix 
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No tasks included on the preliminary DACUM chart in Duty A, B, C, or F were 

eliminated during the Delphi survey process, illustrating a mutual agreement between DACUM 

panelists and Delphi experts in favor of including these tasks and duties. Conversely, more than 

half of the tasks in Duty E and all tasks from Duty X were eliminated during the Delphi survey 

process. Because eliminated tasks had to reach consensus to be removed, the Delphi panelists 

had a unified opinion regarding these items. However, these tasks also highlight the difference in 

opinion between the Delphi experts (in agreement in favor of elimination) and the DACUM 

panelists (in agreement in favor of inclusion). The number of tasks in each duty before and after 

the Delphi method are shown in Figure 7. 

 

Figure 7: Comparison of Preliminary and Final DACUM Chart 

 Of the duties that remained unaltered during the Delphi process, “Duty A: Demonstrate 

knowledge of engineering design” and “Duty B: Understand mass timber characteristics” are 

largely related to comprehension of member design and material properties, two concepts 

common in core competencies seen in traditional design courses like concrete or steel. Both 

duties resulted in a relatively high level of agreement throughout the Delphi survey rounds, with 

all tasks earning median answers of at least 4 (“agree”) in every round. The inclusion of all tasks 
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from Duties C and F demonstrates a similar prioritization on a student’s ability to navigate 

available MT resources and their knowledge of MT sustainability principles. 

There are other metrics that can be used to consider the implied importance of a task or 

duty besides consistency before and after the Delphi method. Table 7 shows the average and 

median of all answers for all tasks within each duty. Duties B and C had the highest averages 

when considering all answers, indicating that the Delphi experts were most strongly in favor of 

including tasks from this category in the DACUM chart. While this is not necessarily indicative 

of the duty that had the greatest area of consensus, these are the sections in which the opinions of 

the Delphi experts most closely aligned with those of the DACUM panelists.  

Table 7: Total Answers by Duty 

 Average of all 

answers 

Median of all 

answers 

Total 

answers 

Duty A: Demonstrate knowledge of engineering design 3.88 4 128 

Duty B: Understand mass timber characteristics 4.30 4 64 

Duty C: Navigate network of mass timber resources 4.17 4 32 

Duty D: Design safe, serviceable, constructable, and durable mass 

timber resources 
3.33 3 216 

Duty X: Communicate with stakeholders 2.48 2 88 

Duty E: Contribute to development of project deliverables 3.05 3 120 

Duty F: Support project sustainability goals 3.43 4 88 
 

Because tasks went through multiple rounds of survey exposure until they reached 

consensus, some tasks and duties underwent more scrutiny than others. The first tasks to reach 

consensus during the Delphi survey process are indicative of tasks of which the experts had the 

most aligned opinions without being influenced by each other’s answers. Among these items, 

those that had a median answer greater than or equal to 4 (“agree”) reflected a desire to include 

tasks and were indicative of items of high priority to the Delphi experts. These seven tasks that 

reached consensus on agreement in the first survey round are shown in Table 8. Six tasks that 

reached consensus in the first round had median values ranging from 2.5 to 3.5 and were not 

considered as tasks of high importance to the experts because of the neutrality of the answers. No 

tasks that reached consensus in the first round of the survey had median values less than 2.5. 
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Table 8: Consensus Agreement Items from Delphi Round 1 Survey 

Median 
Consensus 

Percentage 

Task 

ID 
Task 

5 75% C1 
Summarize available mass timber design resources (WoodWorks, ThinkWood, 

design manuals, etc.) 

4.5 100% B2 Evaluate material grades and species 

4.5 88% C3 Participate in ongoing education (presentations, code committees, etc.) 

4.5 75% E4 Participate in site visits and observe installation 

4 75% A3 Evaluate fastener types and behavior with various materials 

4 75% D8 Understand general mass timber testing, certifications, and requirements 

4 75% F5 Identify sustainability/LCA tools 

 

 Conversely, tasks that were slowest to reach consensus were indicative of items that were 

a source of disagreement among the Delphi experts. Two tasks that had not reached consensus by 

the end of the Delphi process required additional consideration to determine whether they should 

be included in the final DACUM chart (a process described in Delphi Round 3 Results). 

Comments from experts were helpful in identifying why each task was unable to easily reach 

consensus. Common concerns regarding “Task F2: Describe sustainable forestry and material 

procurement” were related to the scope of sustainable forestry and the substantial amount of 

coursework likely required to cover such a topic, especially as it does not relate to engineering. 

The expected level of comprehension for this task was also a source of disagreement. While no 

comments specifically addressed “Task D5: Design for standardization/replicability”, it is 

possible that the lack of consensus on this item was caused by the differing personal opinions of 

the experts as to whether MT should move towards mass production or if the ability to customize 

MT elements is a part of its appeal as a material. 

 Comprehension level designations assigned by the original DACUM panelists were not 

included or evaluated as part of the Delphi surveys. The preliminary DACUM chart contained 

seven Level 0 tasks, 11 Level 1 tasks, 12 Level 2 tasks, and 12 Level 3 tasks. It stands to reason 

that if the Delphi experts’ opinions aligned with those of the DACUM panelists, the items 

eliminated through the Delphi surveys would primarily have lower comprehension level 

designations. Table 9 confirms that this was the case as the majority of eliminated tasks were 

classified as Level 0 (basic familiarity) or Level 1 (identify/describe) while only two Level 2 

(assess/analyze) tasks were eliminated. All Level 3 (create) tasks remained on the finalized 
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DACUM chart, signifying an alignment between the opinions of the DACUM and Delphi 

panelists regarding tasks of particular importance.  

 Table 9: Final Decisions for Each Task Level Designation 

 Level 0 Level 1 Level 2 Level 3 

Included 2 tasks 7 tasks 10 tasks 12 tasks 

Eliminated 5 tasks 4 tasks 2 tasks 0 tasks 
 

 A more detailed examination of the level distribution within similar types of tasks (for 

example, tasks related to engineering design) provides insight as to which specific types of tasks 

are expected of a new engineer upon their first day of employment. Design related tasks such as 

member and connection design, knowledge of material grades and properties, fastener design, 

interpretation of design code, awareness of design resources, and development of personal design 

aids were designated as Level 3. These concepts could be classified as basic knowledge of MT 

material properties and member design, similar in scope to concepts included in typical 

undergraduate courses such as concrete or steel design. More advanced design topics, including 

understanding of vibration analysis, post occupancy (long-term) changes, hybrid composite 

behavior, lateral design, retrofits, and sustainable design were designated as Level 1 or 2. This is 

indicative of the type of content more commonly covered in graduate level courses or early years 

of employment that may not be required of an undergraduate student upon completion of their 

degree. 

Eliminated tasks are indicative of items considered less crucial for a hypothetical EIT to 

master during their first year of employment (shown in Table 10). Nine of the 11 eliminated 

tasks were grouped in duties related to professional communication, stakeholder collaboration, 

and project deliverables. While these abilities are undeniably crucial for a successful engineer 

working in the AEC industry, Delphi results reflect that it may be more prudent to develop these 

abilities through on the job training or during early years of employment. Furthermore, these 

content areas are often not considered in traditional design courses like concrete or steel and are 

typically relegated to final capstone or senior-level design project courses. Additionally, many 

items in “Duty E: Contribute to development of project deliverables”, are largely specific to the 

firm at which the EIT is employed and cannot be adequately addressed using a standardized 

approach at the undergraduate level. 
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Table 10: Tasks from Preliminary DACUM Chart Eliminated During Delphi Method 
 Duty D: Design safe, serviceable, constructable, and durable MT structures Level 

X1  Understand constraints of manufacturing process, tooling, C&C 2 

X2  Design, strengthen, retrofit existing timber structures 1 

 Duty X: Communicate with stakeholders Level 

X3 
 Coordinate/communicate design task process/order with non-structural teams, architect, 

manufacturer 
2 

X4  Knowledge of approval process/alternative means and methods 1 

X5  Educate owners 0 

X6  Train and include AHJ in design process 0 

 Duty E: Contribute to development of project deliverables Level 

X7  Differentiate among various project delivery methods 1 

X8  Describe BIM execution plan 1 

X9  Describe principles of R&D, product development 0 

X10  Differentiate among different services (performance vs prescriptive) when submitting proposals 0 

X11  Describe CNC cutter paths 0 
 

Tasks from “Duty X: Communicate with stakeholders” contained several comments 

questioning whether the tasks were within the scope of an EIT's job description. Additionally, 

common themes emerged that the role of a university should be to address fundamental 

engineering design skills and that tasks related to communicating with stakeholders or managing 

deliverables are better left to OJT during the EIT’s early years of employment. Comments from 

several Delphi experts are shown in Table 11 and reflect their rationale for answering in favor of 

eliminating these items. 
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Table 11: Expert Comments Regarding Duty X 

Referenced 

Task(s) 
 

X3 - X6 
“This particular list is more the responsibility of the project manager. I'd rather the structural 

designer focus on the basics of design with the material. These items can be learned on the job.” 

X3 - X5 
“I feel like coordination is a PM's job, and that fresh graduates should not be expected to manage 

projects. In fact all [three] of these feel like senior engineering responsibilities…” 

X3 - X5 “These tasks are those learnt on the job and would be the responsibility of more senior engineers…” 

X6 
“It is too much to expect an engineer in training to potentially "train" an AHJ who may have 30 years 

experience. they just need to communicate with an AHJ” 

X3 - X5 

“All of the issues in this group are the job of professional mentors, not universities. Universities 

should remain focused on those fundamental skills that cannot reasonably be taught on the job. To 

make an absurd example, I expect university graduates to be absolutely fluent in statics, shear and 

moment diagrams, and basic structural analysis. I cannot afford the time or effort to teach these basic 

skills. However, I can teach them easily how to engage with an AHJ by bringing them along with me 

to meetings and having them observe, and engaging in discussion on the drive back to the office. 

Likewise with all these examples.” 

X4 
“You should have a project liaison that understands the process of means and methods for the 

project.” 

X3 - X5 

“In my opinion, these items generally fall under the responsibility of senior engineers/project 

managers. I would never let one of our designers right out of school directly coordinate with 

architects, other trades, project owners, or AHJ independently. As talented as a student can be right 

out of school, it takes a fair bit of experience to successfully take on these kinds of responsibilities.” 
 

In addition to the Delphi expert’s comments from each survey round, the distribution of 

their survey answers and variations in consistency between survey rounds can provide insight 

into the extent to which they were influenced by the answers of the other experts. The expert’s 

perceived prioritization of various content areas can also be identified by examining duties in 

which they consistently answered in favor of inclusion. A summary of the answer choices made 

by each expert in the three survey rounds is shown in Table 12. Considering the response 

distribution, average, and median of the expert’s answers for each round provides insight into 

their consistency throughout the survey process. 
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Table 12: Expert Response Distribution in Delphi Survey 
 Delphi Round # of 1s # of 2s # of 3s # of 4s # of 5s  Average Median 

Expert #1 

Round 1 5 11 10 12 5 

 

3.02 3 

Round 2 2 12 5 8 3 2.93 3 

Round 3 0 4 11 4 0 3.00 3 

Expert #2 

Round 1 0 6 9 24 4 

 

3.60 4 

Round 2 0 1 13 16 0 3.50 4 

Round 3 0 2 2 15 0 3.68 4 

Expert #3 

Round 1 1 12 9 15 6 

 

3.30 3 

Round 2 2 8 8 12 0 3.00 3 

Round 3 0 6 2 11 0 3.26 4 

Expert #4 

Round 1 0 9 5 21 8 

 

3.65 4 

Round 2 0 3 6 13 8 3.87 4 

Round 3 0 6 2 8 3 3.42 4 

Expert #5 

Round 1 1 15 21 5 1 

 

2.77 3 

Round 2 4 13 3 10 0 2.63 2 

Round 3 0 5 9 5 0 3.00 3 

Expert #6 

Round 1 0 0 4 20 19 

 

4.35 4 

Round 2 0 5 0 11 14 4.13 4 

Round 3 0 4 2 11 2 3.58 4 

Expert #7 

Round 1 5 8 10 16 4 

 

3.14 3 

Round 2 3 5 8 10 4 3.23 3 

Round 3 1 1 7 9 1 3.42 4 

Expert #8 

Round 1 0 1 15 21 6 

 

3.74 4 

Round 2 0 6 10 10 4 3.40 3 

Round 3 0 0 7 4 8 4.05 4 

 

Each expert’s personal interpretation of the Likert scale also plays a role in the analysis 

of Delphi results. Some experts tended to select responses on either end of the scale (1 = strongly 

disagree, 5 = strongly agree). Different interpretations of what it means to answer something 

“strongly” leads to issues with the alignment of expert opinions, which can be a barrier to 

reaching consensus on a particular task. For example, Experts #2, #4, #6, and #8 did not give any 

ratings of 1 (strongly disagree) throughout the three survey rounds. The selection of answer 

rating 5 (strongly agree) was also inconsistent among the group. Experts #6, #4, and #8 gave 35, 

19, and 18 ratings of “strongly agree”, respectively, while Expert #5 only selected this option for 

one task throughout all three survey rounds.  

The prepared survey result reports distributed with the Round 2 and Round 3 surveys 

were intended to help experts consider the opinions of others and lead the group towards 
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consensus. The extent to which each expert was swayed by the responses of the rest of the panel 

differed among the group. Expert 7 had relatively consistent answer distributions in all three 

survey rounds, with most of his answers falling between 3 (neutral) and 4 (agree). Expert 3 had 

nearly identical answers between the Round 2 and Round 3 surveys (only two answers varied), 

indicating that he either maintained a consistent opinion between rounds or may have had the 

results report open while responding and intentionally selected the same answers as the previous 

round.  

Conversely, the distribution of Expert 6’s responses varied throughout rounds, 

particularly regarding tasks in Duties X and E, which were predominantly industry-focused tasks 

that other experts were in favor of eliminating. While Expert #6 answered with 4s and 5s for 

these tasks in the Round 1 survey, he later selected 2s for these items, which was more in 

alignment with the median value and responses of other experts. However, the change in expert’s 

answers throughout survey rounds cannot automatically be attributed to their conceding towards 

the opinions of others. Expert #1’s answer distribution moved towards neutrality throughout the 

three survey rounds, but it is not possible to know whether change was due to consideration of 

other expert’s feedback or was a result of fatigue through the survey rounds. Extenuating factors 

affecting the completion of the survey were not considered in the interpretation of results. 

The use of the prepared survey result reports may have also had unanticipated 

consequences, such as influencing how the experts interpreted the answer choices. For example, 

in the Round 1 survey, Expert 6 did not choose to eliminate any tasks and indicated that they 

strongly agreed (answer choice 5) with 44% of tasks, but later shifted towards more neutral 

answer selections. It is not possible to definitively determine whether Expert 6’s answer 

distribution was altered because their opinion regarding survey content was swayed by the 

perspectives of the rest of the panel or if they reevaluated their interpretation of the answer 

choices between survey rounds based on the answer distributions of the other experts.  

There were 15 general knowledge and skills items and 32 worker characteristics in the 

preliminary DACUM chart. Two general knowledge and skills items (“conduct independent 

research” and “complete cost analysis when using mass timber in building design”) and one 

worker characteristic (“has prior work experience”) were eliminated during the Delphi process. 

The curated list of general knowledge and skills items and worker characteristics shown on the 

final DACUM chart are presented in Table 13. 
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Table 13: Final General Knowledge and Skills Items and Worker Characteristics 
General Knowledge and Skills 

Collaborate with design 

team 
Creative problem solving 

Holistic thinking (related to 

sustainability) 

Collaborate with MT 

manufacturer 

Explain anisotropic 

material behavior 
Oral communication 

Conduct finite element 

analysis 

Holistic thinking 

(general) 
Written communication 

Worker Characteristics 

Adaptable Ethical Persistent 

Analytical thinker Flexible Personal integrity 

Collaborative Handles stress well Self-motivated 

Comfortable with failure Honest Self-starter 

Committed to safety Innovative Solution-oriented 

Committed to work 
Interdisciplinary 

interests 
Strong work ethic 

Conscientious Methodical Team player 

Consistent Motivated Thorough 

Creative Organized Thoughtful 

Decisive Passionate about work Works well on a team 

Detail-oriented   

 

 Worker characteristics and general knowledge and skills desired for a new MT EIT 

include an emphasis on both knowledge of MT design and the ability to effectively collaborate 

with coworkers and clients. These areas are particularly important because of the need for 

qualified engineers to understand and advocate for the use of MT, especially as public awareness 

regarding MT construction continues to grow. University curriculum can be designed to provide 

students with adequate knowledge and design experience while also developing the strong 

communication skills necessary to collaborate effectively with stakeholders. 

 There is also an emphasis on the ability to adapt and problem-solve as a new EIT. The 

importance placed on these items may be due to the independent study and extra work MT EITs 

likely conduct during the early years of their career to bridge the gap between academic concepts 

and real-world applications, which can be exacerbated for students who did not have exposure to 

timber design during their undergraduate experience. Additionally, while new materials, design 

aids, and resources continue to emerge for MT designers, difficult concepts or non-standard 

projects may require independent verification or the insight of an experienced expert. These traits 

were included specifically due to their relevance for a MT EIT when compared to those of an 

EIT working with traditional materials like concrete or steel, which are studied more extensively 

in university programs and have numerous design resources available. 
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Limitations of DACUM and Delphi Panels  

The ability to customize the DACUM and Delphi methodologies to specific needs is one 

of the things that makes it attractive to researchers and allows for a variety of applications. 

However, the lack of strictly imposed standards for things like panel size, round requirements, 

and expert qualifications can lead to ambiguity. Procedural changes, such as continuing the 

Delphi surveys longer than three rounds or loosening selection criteria for qualified experts, 

could alter findings. The knowledge level assignments or Bloom’s Taxonomy verbs placed on 

each task also could have been integrated into the Delphi process or used to organize tasks on the 

final DACUM chart. Additionally, the size and composition of the pool of selected respondents 

had an undeniable effect on the creation and validation of the DACUM chart. 

While the sizes of both the DACUM panel (six panelists) and Delphi panel (eight 

experts) were relatively small, they were intentionally selected to serve as a representative 

sample of current MT experts working in the engineering industry. DACUM panelists and 

Delphi experts lived in 11 different states (including one Delphi expert in Washington D.C.) and 

one Canadian province at the time the study was conducted. Comparing the geographical 

location of each panelist to the states in which MT construction is the most popular provides 

insight into the experience of study participants. Figure 8 shows a map of the United States with 

each state shaded according to the number of documented MT projects (in design and completed) 

as of December 2023 (Woodworks, 2023). Colored outlines represent states from which one 

(red) or two (blue) participants originated.  
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Figure 8: Geographical Distribution of DACUM Panelists and Delphi Experts from Each State 

Four of the 14 participants worked in the Pacific Northwest at the time of the study, 

where MT construction is the most popular and well-established. Four additional participants 

worked in the Midwest. These groupings were adequate for the study since the intention was to 

produce a sample representative of current MT experts rather than experts from various 

geographical areas. Future studies could prioritize finding participants from each state or 

correlate the number of representatives based on the number of active MT projects in each state. 

Additionally, repeating the Delphi process with a larger pool of respondents could strengthen 

findings, especially as more qualified subject matter experts emerge in the MT community.  

 The panel of qualified experts assembled for the Delphi methodology were largely 

selected because of their experience working with MT. Experts were asked to estimate how 

many MT projects they had worked on and to report the number of years that they had worked as 

a licensed engineer. Because the most experienced experts were selected, the panel participants 

had between ten to 45 years of experience. While an overall higher level of experience lends to 

the group’s credibility, it also limits the inclusion of experts who have worked as EITs in recent 

years. It is likely that MT engineers who have entered the AEC industry in the past ten years 
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have different perspectives, priorities, and experiences than the selected experts. Additionally, 

selected experts were not asked about their work experience immediately after graduating from 

their university program. It is then not known if experts had any experience working with timber 

or MT as an EIT or if they entered the MT industry later in their career as the material grew in 

popularity. 

 While detailed written instructions for completing the surveys were provided in multiple 

locations for each stage of the DACUM and Delphi process, it is not possible to ensure that each 

respondent had the same assumptions while participating in the study. For example, instructions 

indicated that the experts should consider tasks that a hypothetical EIT should be able to perform 

within their first year of employment. However, for brevity, the survey restated before each task: 

“After graduating from their university, students should be able to…”. The survey may have had 

different results if the prompt before each question instead said: “After graduating from their 

university and within their first year of work as an EIT, students should be able to…”. There is 

also ambiguity as to whether tasks completed within the first year of work should be developed 

through OJT rather than university programming, yielding items that may not be suited for 

inclusion on a DACUM chart. 

There may have also been inconsistencies in the rationale participants used to answer 

questions. While the experts knew that they were selected for participation because of their work 

experience and were asked to provide answers in line with current industry needs, they were also 

aware that the DACUM chart would be used to guide the development of educational resources. 

As a result, experts may have answered questions based on their perceived feasibility of 

incorporating each task into a university program rather than providing their unbiased opinion as 

to what a new EIT should ideally be able to do within their first year of work. This approach may 

have caused experts to answer questions drawing upon their own educational experience rather 

than relying upon their insight as a current industry expert, introducing unintentional biases to 

the way they completed the survey. 
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CONCLUSION 

This study addressed a critical gap in the education of undergraduate civil and structural 

engineering students in the United States by focusing on the emerging field of MT construction. 

The growing popularity of MT as a sustainable and innovative construction material necessitates 

the preparation of qualified engineers and designers who possess the necessary knowledge and 

skills to meet industry demands. Review of existing literature and coursework inventories 

revealed a lack of MT design resources and courses oriented towards undergraduate students. A 

DACUM workshop was held to analyze the requirements of a MT EIT position based on the 

experience of six panelists currently working in the MT industry. The panelists verified the 

compiled findings of the meeting, resulting in a list of tasks, duties, worker characteristics, and 

general knowledge and skills items. Eight qualified industry professionals were selected to serve 

as subject matter experts to validate the preliminary findings through the Delphi methodology. 

The survey results yielded a finalized DACUM chart reflecting the current and future needs of 

the MT construction industry. 

A closer analysis of the methodology and findings associated with the DACUM and 

Delphi processes provided valuable insight into the priorities of industry professionals, including 

importance placed on knowledge of engineering design, understanding of MT material 

characteristics, the ability to navigate available MT resources, design of MT structures, 

contributions to project deliverables, and support of project sustainability goals. Additionally, 

worker traits and characteristics related to collaboration, adaptability, and problem-solving skills 

were considered to be especially relevant and should be facilitated in undergraduate coursework. 

The core competencies on the finalized DACUM chart can be used to aid in the creation of 

relevant and timely undergraduate curriculum.  

Moving forward, the finalized DACUM chart serves as a valuable resource that offers 

guidance to educational institutions seeking to integrate MT engineering education into existing 

coursework. The chart will be made publicly available to assist in the development of learning 

modules, virtual tours, and student assignments that align with industry requirements and 

enhance student readiness for careers in MT construction. Additionally, similar Delphi-validated 

DACUM charts will be created for entry-level positions in the architecture and construction 

industries. As the popularity of MT continues to grow, the implementation of the DACUM 

chart's recommendations will play a crucial role in ensuring that graduating engineers are well-



46 

prepared to contribute to the advancement of sustainable building practices and address the 

multifaceted challenges posed by an evolving construction industry. 
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APPENDIX 

Table 14: Results of Preliminary DACUM Chart (Prior to Delphi Methodology): Duties A to D 
 A. Demonstrate knowledge of engineering design Level 

A1  Produce complete member design and sizing (includes impact of connection design and fire) 3 

A2  Develop connection design 3 

A3  Evaluate fastener types and behavior with various materials 3 

A4  Analyze design needs for hybrid composite materials 2 

A5  Examine vibration analysis results 2 

A6  Review lateral design, seismic/wind design (MT) 1 

 B. Understand MT characteristics Level 

B1  Assess MT material properties and failure modes 3 

B2  Evaluate material grades (glulam, CLT), species 3 

B3  Appraise knowledge of MT types available from specific suppliers/manufacturing capacity 3 

B4  Explain long term (including post occupancy) changes- creep, shrinkage, fatigue, etc. 2 

 C. Navigate network of MT resources Level 

C1  Summarize available MT design resources (Woodworks, ThinkWood, design manuals, etc.) 3 

C2  Acquire and analyze research data and design applications 2 

C3  Interact with ongoing education (code committee, presenting) 0 

 D. Design safe, serviceable, constructable, and durable MT structures Level 

D1 
 Assess what is allowable under design code (construction types, gross floor areas, fire rating -

requirements, building heights) (IBC, ICC) 
3 

D2 
 Explain NDS (materials), O86 Eurocode (EC5), PRG320, ANSI 190.1, LVL standard, Glulam 

standard, -ASTM standards (D) 
3 

D3  Evaluate paths for MT fire design 3 

D4  Understanding of necessary tolerances 2 

D5  Design for standardization, replicability 2 

D6  Design for durability, adaptability 2 

D7  Understand constraints of manufacturing process, tooling, C&C 2 

D8  Understand testing methods for development of standards and non-destructive evaluation techniques 1 

D9  Understand general MT testing, certifications, requirements 2 

D10 
 Knowledge of basic principles for DFMA (panelization, sequencing, site constraints, design 

constraints) 
1 

D11  Design for bulk water, moisture management for structural elements 1 

D12  Design, strengthen, retrofit existing timber structures 1 

*Task identification numbers have been stricken through to reflect tasks that were eliminated during the Delphi 

survey process. 
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Table 15: Results of Preliminary DACUM Chart (Prior to Delphi Methodology): Duties X to F 
 X. Communicate with stakeholders Level 

X1 
 Coordinate/communicate design task process/order with non-structural teams, architect, 

manufacturer 
2 

X2  Knowledge of approval process/alternative means and methods 1 

X3  Educate owners 0 

X4  Train and include AHJ in design process 0 

 E. Contribute to development of project deliverables Level 

E1  Evaluate project drawing set and shop drawings 3 

E2  Sequence design tasks - structural/non- structural/services (MT workflow) 2 

E3  Differentiate among various project delivery methods 1 

E4  Describe BIM execution plan 1 

E5  Develop programs/job aids/internal programs/design aids 3 

E6  Describe principles of R&D, product development 0 

E7  Differentiate among different services (performance vs prescriptive) when submitting proposals 0 

E8  Describe CNC cutter paths 0 

E9  Participate in site visits, observations, installations, transportation NA 

 F. Support project sustainability goals Level 

F1  Explain LCA, carbon, sustainability principles/ counterpoints 1 

F2  Describe sustainable forestry, procurement 1 

F3  Assess EPDs and comparative LCAs 2 

F4  Explain design for deconstruction principles (circular economy) 1 

F5  Identify sustainability/LCA tools 0 

*Task identification numbers have been stricken through to reflect tasks that were eliminated during the Delphi 

survey process. 
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Table 16: Results of Preliminary DACUM Chart (Prior to Delphi Methodology): General 

Knowledge and Skills and Worker Characteristics 
General Knowledge and Skills 

Collaborate with design 

team 

Cost analysis when using 

MT in building design 

Holistic thinking (related to 

sustainability) 

Collaborate with MT 

manufacturer 
Creative problem solving Oral communication 

Conduct finite element 

analysis 

Explain anisotropic 

material behavior 
Written communication 

Conduct independent 

research 

Holistic thinking 

(general) 
 

Worker Characteristics 

Adaptable Ethical Persistent 

Analytical thinker Flexible Personal integrity 

Collaborative Handles stress well Self-motivated 

Comfortable with failure 
Has hands-work 

experience 
Self-starter 

Committed to safety Honest Solution-oriented 

Committed to work Innovative Strong work ethic 

Conscientious 
Interdisciplinary 

interests 
Team player 

Consistent Methodical Thorough 

Creative Motivated Thoughtful 

Decisive Organized Works well on a team 

Detail-oriented Passionate about work  
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Table 17: Summary of Delphi Survey Results: Duties A to C 
  Round 1 Round 2 Round 3  

After graduating from their university, 

students should be able to...  
Consensus Median Consensus Median Consensus Median Verdict 

Duty A: 

Demonstrate 

knowledge of 

engineering 

design 

Produce complete member 

design and sizing 

(including connection 

design and design for fire 

resistance) 

25% 3 50% 4 75% 4 Include 

Design connections 50% 4 38% 4 75% 4 Include 

Evaluate fastener types and 

behavior with various 

materials 

75% 4 - - - - Include 

Analyze design needs for 

composite structural 

elements 

63% 4 38% 4 63% 4 Include 

Examine vibration analysis 

results 
50% 4 63% 4 75% 4 Include 

Apply lateral design 

(seismic, wind) to mass 

timber system 

38% 4 63% 4 63% 4 Include 

Duty B: 

Understand MT 

characteristics 

Assess mass timber 

material properties and 

failure modes 

63% 4 100% 4.5 - - Include 

Evaluate material grades 

and species 
100% 4.5 - - - - Include 

Identify types of mass 

timber available from 

specific 

suppliers/manufacturers 

50% 4 50% 4 63% 4 Include 

Explain long-term/post 

occupancy changes, 

including creep, shrinkage, 

and fatigue 

25% 4 88% 4.5 - - Include 

Duty C: 

Navigate 

network of MT 

resources 

Summarize available mass 

timber design resources 

(WoodWorks, ThinkWood, 

design manuals, etc.) 

75% 5 - - - - Include 

Acquire and analyze 

research data to apply to 

design 

25% 4 75% 3.5 - - Include 

Participate in ongoing 

education (presentations, 

code committees, etc.) 

88% 4.5 - - - - Include 
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Table 18: Summary of Delphi Survey Results: Duty D 
  Round 1 Round 2 Round 3  

After graduating from their university, 

students should be able to...  
Consensus Median Consensus Median Consensus Median Verdict 

Duty D: 

Design safe, 

serviceable, 

constructable, 

and durable 

MT structures 

Assess what is allowable 

under design code (IBC, 

ICC) including construction 

types, gross floor areas, fire 

rating requirements, building 

heights, etc. 

25% 4 63% 4 50% 4 Include 

Follow current standards 

relevant to location and 

industry sector, for example: 

NDS, O86 Eurocode (EC5), 

PRG320, LVL standard, 

Glulam standard (ANSI 

117/190.1), ASTM 

standards (D) * 

63% 4 50% 4 63% 4 Include 

Evaluate paths for mass 

timber fire design 
88% 3.5 - - - - Include 

Understand necessary 

fabrication tolerances 
25% 3 38% 4 75% 3.5 Include 

Design for 

standardization/replicability 
38% 3 0% 3 25% 3 Include  

Design for 

durability/adaptability 
38% 3 25% 3 75% 3 Include 

Understand constraints of 

manufacturing process and 

tooling 

50% 3 75% 2.5 - - Exclude 

Understand testing methods 

for development of 

standards and non-

destructive evaluation 

techniques 

75% 3 - - - - Include 

Understand general mass 

timber testing, certifications, 

and requirements 

75% 4 - - - - Include 

Understand basic principles 

for design for manufacturing 

and assembly (DFMA) 

including panelization, 

sequencing, and site and 

design constraints 

50% 3 75% 3.5 - - Include 

Design for bulk 

water/moisture management 

for structural elements 

50% 3.5 50% 4 50% 4 Include 

Design, strengthen, and 

retrofit existing timber 

structures 

38% 3 88% 2.5 - - Exclude 
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Table 19: Summary of Delphi Survey Results: Duties X to E 
  Round 1 Round 2 Round 3  

After graduating from their university, 

students should be able to...  
Consensus Median Consensus Median Consensus Median Verdict 

Duty X: 

Communicate 

with stakeholders 

Coordinate design task 

process with non-

structural teams, 

architects, and 

manufacturers 

63% 3.5 38% 3 63% 3 Exclude 

Understand approval 

process/alternate means 

and methods 

0% 3 63% 2 63% 2 Exclude 

Educate project owners 0% 3 50% 2.5 63% 2 Exclude 

Train and include 

authority having 

jurisdiction (AHJ) in 

design process 

25% 2 88% 1.5 - - Exclude 

Duty E: 

Contribute to 

development of 

project 

deliverables 

Evaluate project 

drawing set and/or shop 

drawings 

63% 4 75% 4 - - Include 

Sequence mass timber 

design tasks into 

workflow 

88% 3.5 - - - - Include 

Differentiate among 

various project delivery 

methods 

63% 4 38% 3 50% 3 Exclude 

Describe BIM 

Execution Plan 
50% 3 100% 2.5 - - Exclude 

Develop design aids and 

programs for internal 

use 

75% 3.5 - - - - Include 

Describe principles of 

research and 

development (R&D) for 

product development 

75% 2.5 - - - - Exclude 

Differentiate among 

different services 

(performative vs. 

perspective) when 

submitting proposals 

25% 3 75% 2 - - Exclude 

Describe computer 

numerical control 

(CNC) cutter paths 

38% 2 88% 1.5 - - Exclude 

Participate in site visits 

and observe installation 
75% 4.5 - - - - Include 
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Table 20: Summary of Delphi Survey Results: Duty F 
  Round 1 Round 2 Round 3  

After graduating from their university, 

students should be able to...  
Consensus Median Consensus Median Consensus Median Verdict 

Duty F: 

Support 

project 

sustainability 

goals 

Explain life cycle 

assessment (LCA), carbon, 

and sustainability 

principles/counterpoints in 

the context of mass timber 

50% 4 63% 4 50% 4 Include 

Describe sustainable forestry 

and material procurement 
50% 4 50% 3 38% 3 Include 

Assess environmental 

product declarations (EPDs) 

and comparative LCAs 

63% 3.5 63% 4 50% 4 Include 

Explain design for 

deconstruction principles 

(circular economy) 

75% 3.5 - - - - Include 

Identify sustainability/LCA 

tools 
75% 4 - - - - Include 
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Table 21: Summary of Delphi Survey Results: General Knowledge and Skills 

After graduating from their university, students should demonstrate the 

following skills... 
% Agree % Agree % Agree Verdict 

General knowledge 

and skills 

Creative problem solving 75% - - Include 

Oral communication 100% - - Include 

Written communication 100% - - Include 

Holistic thinking (general) 100% - - Include 

Holistic thinking (related to sustainability) 75% - - Include 

After graduating from their university, students should have the ability to 

complete the following tasks... 
% Agree % Agree % Agree Verdict 

General knowledge 

and skills 

Conduct finite element analysis 75% - - Include 

Conduct independent research 50% 38% 38% Exclude 

Collaborate with design team 100% - - Include 

Collaborate with mass timber manufacturer 88% - - Include 

Complete cost analysis when using mass timber in 

building design 
25% - - Exclude 

Explain anisotropic material behavior 100% - - Include 
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Table 22: Summary of Delphi Survey Results: Worker Characteristics 

Please indicate if you consider the following worker characteristics to be 

particularly important for new engineers (EITs) working in MT design. 
% Agree % Agree % Agree Verdict 

Worker 

Characteristics 

Adaptable 75% - - Include 

Analytical thinker 88% - - Include 

Collaborative 100% - - Include 

Comfortable with failure 88% - - Include 

Committed to work 100% - - Include 

Committed to safety 100% - - Include 

Conscientious 100% - - Include 

Consistent 100% - - Include 

Creative 63% 75% - Include 

Decisive 50% 75% - Include 

Detail-oriented 88% - - Include 

Ethical 100% - - Include 

Flexible 88% - - Include 

Handles stress well 88% - - Include 

Has prior work experience 38% 25% - Exclude 

Honest 100% - - Include 

Innovative 50% 75% - Include 

Interdisciplinary interests 75% - - Include 

Methodical 100% - - Include 

Motivated 100% - - Include 

Organized 100% - - Include 

Passionate about work 88% - - Include 

Persistent 88% - - Include 

Personal Integrity 100% - - Include 

Self-motivated 88% - - Include 

Self-starter 63% 75% - Include 

Solution-oriented 100% - - Include 

Strong work ethic 100% - - Include 

Team player 100% - - Include 

Thorough 100% - - Include 

Thoughtful 88% - - Include 

Works well on a team 100% - - Include 

  



59 

 

Figure 9: Published Finalized DACUM Chart: Page 1 
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Figure 10: Published Finalized DACUM Chart: Page 2 
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Figure 11: Published Finalized DACUM Chart: Page 3 


