Mass Timber Construction Journal | www.masstimberconstructionjournal.com Volume. 9. Copyright © 2026

Original Research

Integrating Architecture, Engineering, and Construction
Interdisciplinary Competencies for Mass Timber Construction
Education: A DACUM-based Approach

Saiba, Mohammed Rayan', Berghorn, George H.%, Syal, Matt.?, & Huberty, Sean*.

Mass Timber Construction (MTC) requires effective interdisciplinary collaboration across Architecture,
Engineering, Construction (AEC) disciplines. MTC competencies are the knowledge, technical skills,
and process capabilities that require AEC professional collaboration for effective MTC project delivery.
MT-related competencies, however, remain fragmented within many AEC curricula, emphasizing a
need for collaboration across disciplines. An MTC competency framework was therefore proposed
by this study, employing DACUM-based mixed-method approach to evaluate three discipline-specific
MTC competency panels of architects, engineers, and CMs. 251 MTC-related duties and tasks
were identified and thematically coded into 18 competency areas. Quantitative methodologies
including frequency and Pareto analyses were employed to determine shared core and discipline-
specific competencies. Qualitive expert inputs were then employed to synthesize insights from the
quantitative results. The findings highlighted BIM-enabled coordination, Estimating and Planning,
Design Codes and Standards, Technical Knowledge, and Sustainability core competencies across all
disciplines. This informed, the proposal of an integrated curriculum framework consisting of shared core
modules to support interdisciplinary collaboration, discipline-specific depth modules, and collaborative
capstone experiences. The framework provides a practical roadmap for aligning AEC education with
current MTC industry practice. This study promotes effective academia—industry collaboration in MTC
delivery. It also provides an empirically grounded structure for integrating sustainable construction
competencies into AEC curricula.

Keywords: Mass Timber, DACUM, AEC Education, Interdisciplinary Collaboration, Curriculum Framework, BIM-
enabled Coordination

MTC project success, these highlighted demands need to be
addressed.
Existing research suggests that traditional, independent

I ntroduction
Mass Timber Construction (MTC) systems including Glued-
Laminated Timber(Glulam) and Cross-Laminated Timber (CLT)

have been globally recognized for their beneficial sustainability
characteristics such as carbon footprint reduction, carbon
sequestration, and waste reduction potential (Liu et al., 2025).
MTC offers faster construction delivery and better aesthetic
appeal compared to steel and concrete (Abed et al., 2022). MTC
projects, however, offers distinctive technical and organizational
demands, including prefabrication tolerances, connection
detailing, fire design, logistics planning, and digital coordination
(Ahmed & Arocho, 2020; Rojas et al., 2025). Therefore, to ensure
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discipline educational models often fall short in preparing
students for integrated MTC project delivery. Zaman et al. (2022)
suggested that coordination among AEC industry is critical for
overcoming challenges often associated with novel, innovative,
and sustainable construction methods such as MTC. The limitation
of discipline-specific models requires early collaboration in MTC
training and education to facilitate the smooth transition of AEC
students from academia to industry (Welcher et al., 2020). Wang
et al. (2025) and Badawi and Abdullah (2021) further highlighted
that robust interdisciplinary AEC collaboration can promote
the understanding of integrated design processes. Despite the
advantages of collaboration in MTC delivery, only a few studies
elaborated an integrated educational roadmap for aligning
curricula with current MTC demands across AEC disciplines
(Kremer et al., 2025; Lehmann and Kremer, 2023; Chen and
Carliner, 2021). Therefore, MTC curricula require realignment to
meet the demands of rapidly growing MTC industry.

Mirando and Onsarigo (2025) posited that the prefabricated
nature of MTC amplifies the consequences of coordination errors
and necessitates early integration of design intent, fabrication
constraints, and site logistics. Therefore, MTC requires more than
material-specific technical knowledge but also demands process-
oriented skills in digital coordination, estimating, sequencing,
and regulatory compliance (Riggio et al., 2020). Durdyev et al.
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(2020) emphasized that collaborative delivery environments
can help eliminate coordination errors associated with MTC
projects. Elghaish et al. (2020) further suggests that they can
help enhance their sustainability outcomes, help projects stay
on track, and have the potential to meet the collaboration and
communication demands of MTC. While industry practice has
increasingly leverage BIM for collaborative project delivery and
integrated workflows, research is yet to fully elaborate how these
collaborative requirements translate into interdisciplinary learning
outcomes for AEC students.

Developing A Curriculum (DACUM) analysis has been widely
acknowledged as a curriculum alignment approach in many
industries including the construction sector (Yu et al., 2025;
Telaga, 2022). Inthe MTC context, Kiesling et al. (2025) employed
DACUM with engineering professionals to define technical
competencies. Oliveira et al., (2022) and Muthumanickam et
al., (2023) also emphasized the importance of interdisciplinary
MTC education. Saiba et al. (2025) revealed that MTC curricula
integration into AEC education requires effective expert
collaboration. However, there is limited focus on shared across
AEC expert panels for MTC project delivery.

Addressing these gaps can help to properly align AEC
curricula with the growing MTC sector. To address the identified
gap, this study (1) conducts a stratified analysis of discipline-
specific DACUM panels of MTC professionals (2) synthesizes
cross-panel competencies to support integrated curriculum
development. By combining qualitative expert knowledge with
quantitative synthesis, the study seeks to distinguish shared core
competencies that enable collaboration from discipline-specific
competencies that require targeted depth. MTC competencies
in this study refer to the integrated knowledge, technical skills,
process capabilities, and collaborative abilities required by AEC
professionals to perform their roles effectively throughout MTC
project delivery. These competencies encompass both material-
specific capabilities, such as understanding timber behavior,
connection detailing, fire performance, and dimensional
tolerances, and process-oriented capabilities, including BIM-
enabled coordination, estimating and planning, logistics,
regulatory compliance, communication, and interdisciplinary
decision-making. Competencies are therefore conceptualized
not merely as isolated technical tasks but as the capabilities
demonstrated through the duties and tasks identified by
experienced AEC professionals during the DACUM workshops.

2. Background

MTC project success depends on effective collaboration among
AEC professionals rather than on standalone discipline-specific
tasks (Ahmed and El-Sayegh, 2020). MTC projects require
early collaboration to tackle integrated processes including
prefabrication, interface detailing, and tolerance setting for
expected structural performance, and logical sequencing (Nouh
etal., 2024; Santana-Sosa and Kovacic, 2022). MTC components
are manufactured off-site, which increases the consequences of
coordination errors and compresses opportunities for late design
changes. These characteristics demand competencies that
combine technical understanding with process-oriented skills
in digital coordination, sequencing, and regulatory compliance
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(Srivastava et al., 2021; Almuhannadi and Ghareeb, 2024).
Inadequate collaboration in MTC projects causes fragmentation,
which consequently results in time and budget overruns (Smith
etal., 2018).

Modern project environments increasingly rely on BIM-
enabled coordination and collaborative workflows to manage
these demands. Research evidenced that integral role of digital
processes such as BIM-enabled coordination in minimizing
rework while improving information exchange in MTC projects
(Alinezhad et al., 2020; Babalola et al., 2024; Arar et al.,
2025). Moreover, complexities associated with sustainable
construction systems such as MTC can be minimized through
effective collaboration (Assaf and Assaad, 2024). Furthermore,
collaborative environments have been proven to foster design-
construction workflow, resulting in faster project delivery and
addressing the fragmentations associated with MTC projects
through a robust collaboration among project teams and
structures for successful project execution (Alameri and Esmaeili,
2023; Rashed and Mutis, 2023).

Effective MTC delivery therefore demands experts who can
translate design intent into fabrication-ready information while
conforming to schedules, logistics, and code pathways. The
required skill set extends beyond discipline-specific knowledge
to include interdisciplinary communication, planning logic,
and shared decision making. However, existing MTC studies
scarcely emphasize the key collaborative competencies required
for effective MTC project delivery. Furthermore, research has
emphasized that successful MTC project delivery depends
effective MTC education and training including on-site assembly,
structural detailing, and effective collaboration (Santana-Sosa
and Kovacic, 2022; Tendrio et al., 2024).

Despite growing recognition of collaborative MTC delivery,
existing research provides limited empirical guidance on how
professional responsibilities across AEC can be translated into
an integrated educational competency structure. Therefore,
detail clarity is required regarding which competencies should
be learned across AEC disciplines and which require deeper
discipline-specific development.

Accordingly, the aim of this study was to identify and synthesize
shared and discipline-specific MTC competencies across AEC
and translate these industry-derived competencies into an
interdisciplinary curriculum framework. To achieve this aim, the
study: (1) analyzed discipline-specific DACUM outputs from
MTC professionals; (2) systematically coded the identified duties
and tasks into competency themes; (3) compared competency
emphasis within and across architecture, engineering, and
construction management; and (4) translated the resulting
shared and discipline-specific competency structure into
recommendations for MTC curriculum integration.

3. Methodology

A mixed-design research approach (quantitative and
qualitative) was adopted for this study. The mixed-method design
was employed to draw qualitative insight from experts while
enabling quantitative synthesis of competency emphasis across
disciplines. The research focused on gaining insights from the
qualitative inputs of experienced AEC industry professionals
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through DACUM with quantitative analysis to identify potential
integration competencies from three discipline-specific DACUM
panels of architects, engineers, and construction managers (CMs)
that will better align MTC education with industry expectations.
DACUM workshops typically involve panels of professionals
who define and prioritize job responsibilities and recommend
approaches for improving existing educational models based on
their industry experience (Norton, 1997). DACUM approach has
been acknowledged as a framework for analyzing and aligning
industry tasks and responsibilities. Three DACUM workshops
were conducted with panels comprising architects, engineers,
and CMs. A cross-panel synthesis was then conducted, which
allowed for profound engagement with the AEC professionals to
draw qualitative data reflecting their experience in MTC. Figure 1
outlines the DACUM-based mixed method roadmap for the study.

3.1 Panelist Selection and Expertise Criteria

Panelists were recruited through professional networks
and industry—academic partnerships within AEC. Participants
were considered MT experts based on meeting at least two
of the following eligibility criteria: (1) a minimum of five years
of professional experience in the AEC industry; (2) direct
involvement in the design, engineering, estimating, coordination,
or construction of at least two completed MT projects or one active
project at the time of the workshop; (3) primary responsibility for
MT-related tasks within a project team; or (4) demonstrated
expertise through teaching, professional training, publications, or
leadership roles related to MT delivery. Background information of
the panelists was recorded regarding their discipline, experience
level, and MT project involvement before their selection. Three

Table 1. DACUM Panelist
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separate panels were convened for architecture, construction
management, and structural engineering with nine, ten, and six
prequalified industry experts, respectively. Table 1 describes the
backgrounds of the DACUM panelists.

3.2 DACUM Workshop Procedure and Prompts

Each DACUM workshop panel followed a structured and
facilitated process. A trained facilitator guided panelists through
defining the scope of MT responsibilities for their respective
discipline, followed by a brainstorming session to identify key
duties and associated tasks. Key prompts included:

1. “What are the primary responsibilities of your role in MT
projects?”

2. “What duties and tasks are expected of entry-level
professionals in your discipline who are working on MT project
delivery?”

3. “Which tasks require direct collaboration with other AEC
disciplines?”

4. “What MT-specific competencies are essential for
collaborative MT project delivery?”

5. “What tools do AEC professionals need to be
knowledgeable of for MT projects?”

6. “What future trends do you believe will influence MT project
delivery?”

Duties and tasks were collaboratively refined and consolidated
by the panelists. Tasks were then clearly defined through
group discussion to remove duplicates and ensure shared
understanding. Furthermore, tasks were then organized

Panelist ID | Panel Job Title Licensure/ Location Experience
Certification
Archl Director AIA, LEED AP, | Michigan 28 yrs
NCARB
Arch? Associate AJA, LEED AP Oregon 9 yrs
Arch3 Project Architect LEED AP BD+C Oregon 16 yrs
Arch4 Creative Director Kenya 18 yrs
Arch3 Architecture | Regional Director AIA, LEED AP | Michigan 28 yrs
BD+C, NCARB
Arch6 Project Architect California 17 yrs
Arch? Architect AJA, NCARB Michigan 7 yrs
Arch8 Principal New York 14 yrs
Arch9 Architect ATA Illinois 10 yrs
CM1 Project Manager LEED AP Oregon 15 yrs
CM2 Sr. Project Manager Michigan 16 yrs
CM3 Project Manager Michigan 11 yrs
CM4 Project Executive Michigan 24 yrs
CMS5 Construction | VP Preconstruction LEED AP BD+C Ohio 32 yrs
CM6 Management | VP Construction Minnesota 8 yrs
CM7 Estimator Michigan 3 yrs
CM8 Project Manager Michigan 13 yrs
CM9 Director Alaska 10 yrs
CM10 Executive VP LEED AP California 31 yrs
Engl Associate PE, SE, LEED AP | Oregon 17 yrs
Eng2 VP Engineering PE New York 18 yrs
Eng3 Structural Partner P.Eng., Dipl. Ing. | British Columbia | 30 yrs
Engd Engineering | Principal SE Illinois 10 yrs
Eng5 Vice President None Washington 18 yrs
Eng6 Sr. Dir. of MT None Wisconsin 8 yrs
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according to typical project phases, including design,
procurement, fabrication, installation, and closeout. Consensus-
based validation was conducted during the workshop to confirm
the accuracy and completeness of the identified duties and tasks.
Following each workshop, the resulting DACUM charts were
circulated to panelists for member checking and final validation.

3.3 Consensus-Based Validation

Resulting discipline-specific DACUM charts were reviewed by
independent disciplinary panels to ensure external validity. Owing
to the relative newness of MT in the United States and the small
size of the expert DACUM panels, a consensus-based method
was sought. The Delphi process was selected and empaneled
three disciplinary panels of qualified MT experts to validate
DACUM results. Experts were prequalified through the use of
survey that assessed candidates’ work experience, licensure, and
educational background. Criteria were tailored specifically to the
needs of this study and required, at minimum, prior experience
on a mass timber project to ensure familiarity with MT design
and construction. Seven, eight, and seven participants met all
qualifications and were selected for the architecture, construction
management, and structural engineering panels, respectively
(Table 2). Although Delphi panel sizes vary widely, research
indicates that expertise and representation are more important
than sample size; therefore, these panel sizes comprised of highly

Table 2. Delphi Panelist
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qualified professionals were deemed appropriate (Ameyaw et al.,
2016; Naji, 2024).

The Delphi procedure was used to validate tasks, general
knowledge and skills, and worker characteristics identified in
the preliminary DACUM chart. The chart was converted into a
digital survey in which experts rated whether newly graduated
students in each discipline should be able to perform specific
tasks within their first year. A five-point Likert scale was used
to indicate agreement with identified duties and tasks. The
measure of consensus was the median response score; items
were determined as reaching consensus when at least 70% of
the response values fell within one half bin of the median group
response. To maintain engagement and reduce dropout risk,
certain DACUM sections (such as software and future trends)
were excluded from the Delphi rounds. Experts completed three
rounds of surveys, with each round building on the previous one.

After each round, items reaching consensus were removed from
subsequent surveys, and participant feedback was incorporated to
improve clarity where needed. Summary reports provided median
ratings, consensus percentages, and anonymized comments to
encourage reflection and reconsideration of divergent opinions.
In Round 2, individualized reports also compared each expert’s
responses to the group median, prompting further evaluation in
the final round. All experts completed each survey round within
the allotted timeframe, resulting in a validated and consensus-

Panelist ID | Panel Job Title Location | Experience
Arch9 Senior Associate Architect at an architecture firm | Michigan | 30 yrs
Archl0 Senior Project Manager at an engineering and Michigan | 28 yrs
architecture form
Archll Architecture Architect at an architecture firm Michigan | 10 yrs
Archl2 Architect at an architecture firm Michigan | 21 yrs
Archl3 Sr Architect at an architecture firm Wisconsin | 9 yrs
Archl4 Principal at an architecture firm Michigan | 26 yrs
Archl5 Designer IT at an architecture firm Illinois 6 yrs
CMI1 President of Commercial Construction at a general | Michigan | 12 yrs
contractor
CMI2 Project Manager at a MT erector California | 4 yrs
CM13 Director at a general contractor Michigan | 16 yrs
CM14 ) Project Manager at a general contractor Michigan | 10 yrs
CMI15 Construction "gepior Project Manager at an engineering and | Michigan | 28 yrs
Management |, cpitecture firm
CMIl6 Construction Project Manager at a MT Illinois 8 yrs
manufacturer
CM17 Contract Manager at a general contractor Indiana 5 yrs
CM18 Segment Leader at a general contractor Michigan | 30 yrs
Eng7 Principal Lecturer at a public university Maine 21 yrs
Eng8 President of construction company Michigan | 23 yrs
Eng9 President/CEO of engineering firm Colorado | 36 yrs
Structural . . . ; ;
Engl0 Engineering Vice President/COO of engineering firm Arkansas | 20 yrs
Engll Principal and Director of Mass Timber Oregon 15 yrs
Engl2 Principal in fire protection engineering Ontario 25 yrs
Engl3 Associate Principal at engineering firm California | 10 yrs
Copyright © 2026 Volume 9. 4 Mass Timber Construction Journal | www.masstimberconstructionjournal.com
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based refinement of the DACUM findings.

3.4 Theme Development and Coding Process

An inductive—deductive thematic analysis was used to
synthesize duties and tasks across the three discipline-specific
DACUM panels. The thematic analysis process was informed
by Braun and Clarke (2006), involving systematic familiarization
with the data, initial coding, development and review of candidate
themes, and definition of the resulting themes. The analysis
combined inductive identification of recurring concepts within
the DACUM outputs with deductive consideration of established
MTC and AEC functional areas identified in the literature.

Three researchers independently reviewed an initial subset of
the DACUM outputs to propose preliminary theme categories
based on recurring concepts and functional similarities. These
themes were then discussed and refined to produce a shared
codebook with operational definitions and representative
examples. Researchers then independently coded all identified
tasks using the codebook. Coding issues were resolved through
discussion to achieve consensus, and the codebook was
iteratively refined throughout the process to ensure consistency,
transparency, and analytical rigor in the identification of
interdisciplinary and discipline-specific integration themes.

Using the agreed codebook, the identified duties and tasks

Volume. 9. Copyright © 2026

were independently assigned to competency themes. Coding
disagreements or ambiguous tasks were reviewed collectively
and resolved through researcher discussion and consensus. The
codebook was iteratively refined where necessary to maintain
consistent interpretation across the architecture, engineering,
and CM datasets. The final coding structure contained 18
competency themes and formed the basis for the subsequent
frequency, Pareto, heatmap, and cross-panel analyses.

3.5 Quantitative Analysis

Frequency analysis was adopted to assess and identify relative
interdisciplinary and discipline-specific competency emphasis
for each theme. Pareto analysis was applied to visualize
cumulative distributions and identify dominant competency
areas. Emphasized themes within each discipline were defined
as contributing to approximately the first 80% of cumulative task
frequency. This mixed qualitative—quantitative approach enabled
both discipline-specific and cross-disciplinary interpretation of MT
competency needs. This structured DACUM-based methodology
provided a data-driven approach to transferring insights from
expert knowledge to education framework development. This can
allow the proposed curricula to reflect practical interdisciplinary
collaboration within MT construction.

DACUM-Based Mixed Methodology for

MT Curriculum Framework Development

QUALITATIVE (DACUM)

Research Design Expert Panels

(DACUM)

¢ Mixed-method
design

* 3 discipline-specific

panels elicitation

¢ Qualitative: DACUM '> * Architects, engineers '> * Consolidation +

workshops and CMs refinement

* Quantitative:
frequency + Pareto

* Eligibility criteria
applied

A

Architects | Engineers | CMs

QUANTITATIVE (SYNTHESIS)

Workshop Outputs

¢ Duties & tasks

* DACUM charts +
member check

| prase1  Jl  Phase2 Qi phases i heses  Jl  Phases

Theme Development
& Coding

Quantitative Synthesis
& Framework

¢ Inductive-deductive ¢ Theme frequency

codebook by panel
P . 3researcherscode P> + Pareto (80%
independently emphasis)

e Consensus +
refinement

* Core vs discipline-
specific — framework

v

18 Competency
Themes (Coded)

v

Theme frequencies
derived from coded tasks

—

Integrated MT Curriculum
Framework

Figure 1. DACUM-based mixed-method research methodology for MTC curriculum framework development

Copyright © 2026 Volume 9. 5

Mass Timber Construction Journal | www.masstimberconstructionjournal.com



Mass Timber Construction Journal | www.masstimberconstructionjournal.com

4. Results

4.1 Definition of Identified Themes

To ensure clarity and analytical consistency, each integration
theme was defined prior to quantitative synthesis. Technical
Knowledge represents MTC-specific understanding required
for informed decision making, including material characteristics,
dimensional tolerances, connection detailing, and erection
sequencing. Design Codes and Standards highlight regulatory
and compliance activities such as interpretation of building

Volume. 9. Copyright © 2026

codes, fire and safety requirements, and inspection procedures.
Estimating and Planning represent forecast activities, including
quantity takeoffs, logistics planning, installation sequencing,
crane studies, schedule development, and procurement lead-
time analysis. Cost and Finance addresses financial management
functions such as budget development, contingency allocation,
change-order pricing, and cash-flow control. These operational
definitions elaborated in Figure 2, guided thematic coding and
cross-disciplinary comparison.

Table 3. Definitions of Identified Themes

Theme

Definition

BIM-enabled Coordination

Model integration, clash detection, information exchange, and
workflow coordination.

Technical Knowledge

MTC behaviour, constructability, tolerances, connections, and
erection sequencing.

Design Codes and
Standards

Building codes, fire requirements, life safety, and inspections.

Estimating and Planning

Take-offs, sequencing, logistics, crane planning, scheduling,
and lead times.

Cost and Finance

Budgets, contingencies, change pricing, and cash flow.

Connections and
Assembly

MTC connections, assembly logic, and interfaces with other
systems.

Fire Performance

Fire resistance, encapsulation, and testing requirements.

Sustainability and LCA

Embodied carbon, life-cycle impacts, sourcing, and
environmental performance.

Documentation and
Records

Drawings, specifications, submittals, RFls, and as-built
records.

Logistics and Site
Management

Site access, laydown, deliveries, and installation logistics.

Safety and Quality

Safety planning, quality assurance, inspections, and
compliance.

Stakeholder Coordination

Coordination with owners, authorities, suppliers, fabricators,
and contractors.

Innovation and Research

Emerging technologies, new construction methods, and
applied research.

Training and Qutreach

Education, workforce training, and MTC knowledge transfer.

Procurement and Bidding

Vendor selection, bid review, scope definition, and
procurement strategy.

Risk and Compliance

Technical, financial, contractual, and regulatory risk
management.

Administration

Scheduling, reporting, project administration, and internal
management.

Communication

Interdisciplinary communication, meetings, and information
sharing.

Copyright © 2026 Volume 9. 6
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4.2 Cross-Panel Distribution of Competency Themes (Pareto
Analysis)

Figure 2 presents the relative emphasis of competency
themes identified by the three discipline-specific panels.
While the specific ranking varies by discipline, BIM-enabled
coordination, estimating and planning, design codes and
standards, and technical knowledge consistently appear among
the highest-frequency themes, indicating a shared foundation for
interdisciplinary MTC practice. The Pareto analysis of the coded
DACUM tasks highlights distinct yet overlapping competency
emphases across the expert panels in accordance with the
80/20 principle. Emphasized themes were defined as those
contributing to approximately the first 80% of cumulative task
frequency within each discipline’s Pareto distribution. As shown in
Figures 2, the MTC competencies ranked in each panel highlight
5-7 major themes representing approximately 80% of the total
competencies, indicating a concentrated set of competencies
central to MTC project delivery.

Combined AEC (All Panels)

- 100
80% threshol

—————————————— - 80

20 - 60

Frequency
Cumulative %

- 40

Engineer Panel

80% threshold

Frequency
Cumulative %
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4.2 Shared Core Themes Across Panels

Four competency areas were consistently emphasized across
the three AEC expert panels (Table 4). These shared themes
represent foundational competencies required for interdisciplinary
MTC practice. The recurrence of these themes across all panels
indicates that MTC education requires a common core that
transcends individual disciplinary boundaries.

Table 3. Identified Shared Competencies and Applications in
MTC

Shared Competency MTC Task Example

BIM-enabled
Coordination

CLT installation sequencing and clash
review

Estimating and Planning Timber logistics quantities and

scheduling

Design Codes and
Standards

Fire-resistance detailing and
compliance

Technical Knowledge Panel tolerances and connection

detailing

Architect Panel

- 100
80% threshold

It T T S ESnEEEEEEEEEES - 80

- 60

Frequency
Cumulative %

- 40

- 20

CM Panel

80% threshol

Frequency
Cumulative %

Figure 2: Distribution of MTC competency themes across AEC panels derived from DACUM tasks. Emphasized themes
represent those contributing to approximately 80% of cumulative task frequency within each discipline, indicating the core

capabilities required for interdisciplinary MTC delivery.
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4.3 Discipline-Specific Themes

While core themes were shared, each panel demonstrated
distinctive priorities. Architects most frequently emphasized
connection and assembly (5 tasks) and fire safety (4 tasks),
reflecting responsibilities for detailing and regulatory integration.
The main concentration of CMs is on documentation and
records (8 tasks) and stakeholder or client (5 tasks), aligning
with their lead responsibility in project controls and stakeholder
management. Furthermore, the strongest emphasis of engineers
is on fire and sustainability, consistent with their analytical design
obligations. These differences highlight the need for discipline-
specific depth alongside shared competencies.

4.4 Thematic Emphasis by Discipline

Figure 3 revealed the intensity of the task’s occurrences across
the identified major theme categories for each expert group. The
darker the color, the higher the intensity of occurrence, indicating
the level of emphasis placed on the theme. It highlights the
discipline-specific focus trends and shared competency areas
across the three AEC panels.

Volume. 9. Copyright © 2026
integration for MTC were highlighted, emphasizing panel-
specific modules and offering insights for the development of an
interdisciplinary curriculum framework.

4.5 Synthesis of Overlapping and Unique Competencies

Figure 4 conceptually synthesizes the relationships between
competencies. Only high-frequency and strongly shared
themes were included. All three panels intersected centrally
with themes including BIM-enabled Coordination, design codes
and standards, estimating and planning, sustainability and LCA,
technical knowledge and innovation and research. It indicates
that these competencies are universally relevant and therefore
should form the core of an interdisciplinary MTC curriculum.
There also exists an overlap between architects and engineers
(connection and assembly and fire detailing), projecting the
importance of joint technical training modules.

Heatmap of DACUM Task Frequency by Theme and Discipline

20.0
Architect| 9 5] 7 7 6 4 1 1 1 1 1 1 1 4 1 17.5
15.0 ’5'
5]
=]
2
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CM 1 2 7 3 8 5 8 al al 4 3 5 3 2 100 g
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r5.0
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Figure 3, Heatmap of interdisciplinary competency
emphasis illustrating overlaps and specializations.
CMs appeared with the most emphasized tasks across the Connections/Assembly
. . . Fire
panels, concentrating strongly on BIM-enabled coordination
and estimating and planning respectively. Thus, reflectin . .
g p g p y 9 Architect BIM-Enabled Coordination Engineer

their interest in workflow planning, scheduling, and controls.
Architects demonstrated elevated emphasis on design codes and
standards and technical knowledge, highlighting their primary
focus on compliance, and conceptual detailing. Engineers also
strongly emphasized technical knowledge and design codes
and standards. This aligns with their core interest in structural
performance. BIM-enabled coordination was significant across
all panels reflecting the need for digital collaboration among
all AEC professionals. Sustainability and LCA also appeared
moderately across the panels, reflecting the continuous traction
of sustainability with the AEC setting.

Overall, Figure 3 displays a visual overlap and distinctions
across the AEC panel competencies. Areas that require
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Design Codes/Standards
Estimating/Planning
Sustainability/LCA
Technical Knowledge
Innovation/Research

Documentation/Records

Communication SSfSty/Qraity

CM

Stakeholder/Client
Cost/Finance

Figure 4, A Venn diagram showing overlapping and unique the-
matic competencies among Architect, Engineer, and CM DACUM
panels. Shared zones represent integration opportunities for
interdisciplinary mass-timber education.
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Engineer-CM overlap (safety and quality) was also highlighted,
supporting their shared responsibility in maintaining safety
protocols and quality assurance on site. Stakeholder or client
coordination and cost and finance appeared unique to CMs, thus,
emphasizing their leadership role in stakeholder management
and project cost control. Absence of competencies unique
solely to architect and engineer highlights a collaboration gap,
reinforcing the need for integrated curriculum for MTC education
and effective project delivery.

5. Discussion

The study aimed to identify and synthesize shared and discipline-
specific MTC competencies across AEC and to translate these
industry-derived competencies into an interdisciplinary curriculum
framework. The cross-panel DACUM analysis demonstrates
that effective MTC practice requires a combination of common
collaborative capabilities and profession-specific technical
depth. The findings therefore address the central educational
gap identified in the study, which is the absence of a clearly
structured approach for translating interdisciplinary MTC project-
delivery requirements into shared and discipline-specific learning
priorities for AEC education.

The results demonstrate that competencies support effective
MTC delivery better than isolated technical knowledge. The
significant emphasis of BIM-enabled coordination across all
panels confirms that digital integration is critical for aligning
design, fabrication, and site execution. This finding suggests that
MTC education should prioritize process-oriented collaboration
skills alongside material-specific content. Furthermore, discipline-
specific competencies also appear significant, with architects
prioritizing connections, assembly and fire detailing, confirming
their interest in integrating structural and regulatory requirements.
Engineers focus on technical performance and sustainability,
emphasizing their responsibility in analyzing obligations.
CMs also focus on planning and documentation, reflecting
accountability for constructability and project controls. These
variations in priorities emphasized the need for interdisciplinary
MTC education for a balanced learning experience.

Furthermore, BIM-enabled coordination and estimating and
planning were the most highlighted competencies. This positions
them as the major theme areas that requires the strongest
collaboration for MTC projects. Notwithstanding, the study
revealed variations in theme emphasis in each panel, such
as significant emphasis on design codes and standards and
technical knowledge by architects and engineers and estimating
and planning by CMs. These variations indicate that each panel
contributes unique technical and managerial expertise for
project integration. Moreover, strong emphasis on BIM-enabled
coordination for CMs reveals their high interest in collaboration,
while emphasis on estimating and planning reflects the need for
collaborative project planning, scheduling, and control. Engineers
appeared across all theme categories, confirming their bridging
role between conceptual design and project execution.

The study confirms that shared competencies and discipline-
specific tasks are both critical for effective MTC education and
project delivery. The DACUM approach offers a roadmap for
MTC academic-industry competency alignment. This program
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can provide AEC students with the readiness to collaborate for
successful MTC project execution.

5.1 Implications for AEC Education

The findings highlight a paradigm shift from the conventional
isolated (stand-alone) education approach within the AEC.
The identified competency structure has direct implications for
curriculum design. Shared competencies offer the basis for
interdisciplinary core modules for AEC students, centered on
BIM coordination, effective planning and estimation, and code
integration. Discipline-specific competencies inform specialized
modules addressing detailing, performance analysis, or project
controls. The architect-engineer competency overlaps in
connection and fire performance supports joint technical studios,
while the engineer—CM overlap on safety and quality encourage
integrated construction laboratories.

Notwithstanding, the findings suggest that MTC education
should be organized around project workflows rather than
isolated courses. Competencies such as sequencing, logistics,
and coordination are inherently integrative and cannot be fully
developed within single-discipline classrooms. Collaborative
capstones and studio environments therefore represent critical
venues for applying the shared core.

5.2 Curriculum Integration Framework

This study proposes a curriculum integration framework (see
Figure 5) for aligning shared and discipline-specific competencies
with MTC education based on insights from the DACUM analyses
and findings from the cross-panel comparisons of architects,
engineers, and CMs. The framework organizes learning around
a shared core of collaboration-oriented capabilities while
preserving discipline-specific depth required for professional
roles. The framework consists of:

» Shared Core Modules: Based on shared competencies
across the three DACUM panels. This will encourage
interdisciplinary collaboration and system thinking.

*  Discipline-Specific Modules: Based on tasks unique to
each panel. This reflects the competencies that were
strongly emphasized by the individual panels.

* Collaborative Capstone Experiences: Bringing panels
together through MTC workshops, seminars, and
interdisciplinary research collaborations.

The framework emphasizes that MTC delivery leverages
BIM-enabled coordination for integrated workflows rather
than independent technical instruction. The framework can be
implemented by systematically embedding short MTC units within
existing BIM, estimating, structures, and codes courses, offering
elective MTC certificates, or adopting interdisciplinary studios.
These approaches help overcome challenges associated with
accreditation while fostering integrated learning.

5.3 Implementation Strategy

Given the limited flexibility within accredited AEC degree
programs, the proposed MTC curriculum framework is designed
for scalable implementation through multiple pathways.
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Figure 5. Educational framework translating DACUM-derived competencies into three instructional layers: (1) shared core

modules that develop interdisciplinary collaboration and digital

coordination; (2) discipline-specific modules that provide

role-based depth; and (3) collaborative capstone experiences that integrate design, engineering, and construction work-

flows in mass timber projects.

First, modular integration adoption ensures shared-core MTC
competencies to be embedded within existing courses, such as
structures, construction methods, BIM, estimating, and building
codes, through short instructional modules or focused learning
units. Furthermore, a certification or credential approach allows
students to pursue interdisciplinary MTC training as an elective
sequence that complements required degree coursework.
Moreover, an interdisciplinary capstone or studio model provides
a high-impact implementation option in which AEC students
collaborate on an MTC project exercise comprising design
coordination, estimating, scheduling, constructability review,
and code compliance. Collectively, these strategies offer flexible
adoption options that align with institutional constraints while
supporting interdisciplinary competency development.

5.4 Comparison with Existing Industry Training and Resources

The competencies identified through the DACUM panels align
with several emphasis areas found in existing industry-focused
MTC training resources, particularly those addressing connection
detailing, constructability, and installation logic. Industry
programs for instance often prioritize practical understanding
of connections and erection logic and flow. This aligns with the
strong emphasis on technical and coordination-related tasks
prominent across all three disciplinary panels.
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However, many industry resources are oriented toward
individual roles or specific phases of construction. This study
therefore emphasizes the cross-disciplinary perspective,
distinguishing between shared-core competencies required
across AEC and discipline-specific competencies that require
targeted depth. By aligning industry-informed competencies with
academic curricula through the proposed curriculum framework,
this study complements existing MTC ftraining resources and
addresses the gaps in interdisciplinary integration within AEC
education.

5.5 Limitations and Future Studies

This study focused on framework development based on
expert knowledge synthesis rather than empirical evaluation
of student outcomes. Panel composition reflects experienced
practitioners but does not capture all organizational and regional
context. Future research should pilot the framework in AEC
academic environment to assess the learning impacts and
compare outcomes across different implementation approaches.
Longitudinal academic-industry partnerships would further refine
competency priorities as MTC practice evolves.

5.6 Summary and Conclusion

By synthesizing expert knowledge across AEC panels, this study
identifies the competency structure underlying interdisciplinary
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MTC delivery. The evidence supports an educational model
centered on BIM-enabled coordination, planning, codes, and
technical knowledge, complemented by discipline-specific
depth. The resulting framework provides a practical mechanism
for aligning AEC curricula with sustainable contemporary
construction practice and preparing graduates for collaborative
MTC project environments.
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