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Abstract: Building Information Modelling (BIM) has evolved from a
visualisation aid to a process-driven methodology that demands

interdisciplinary collaboration and rigorous information management aligned
with 1ISO 19650. Yet many curricula still prioritise software proficiency over
process understanding, leaving graduates under-prepared for BIM
coordination, information management and decision-making. At the same time,
rapid adoption of artificial intelligence (Al) in construction is reshaping BIM
workflows and amplifying existing skills gaps. This conceptual paper develops
a theoretically grounded framework for integrating Al into BIM education to
cultivate both technical and process-oriented competencies. Drawing on the
Technology Acceptance Model, constructivist learning theory and cognitive
load theory, the framework positions Al as a cognitive scaffold that shifts
students’ effort from routine modelling operations towards higher-order process
reasoning. It specifies a scaffolded progression of Al use, authentic ISO 19650-
aligned project work, collaborative interdisciplinary learning structures and
assessment strategies that foreground process competencies rather than
isolated software skills. The framework’s distinctive contribution lies in its
explicit integration of three theoretical lenses, systematic mapping of learning
outcomes to ISO 19650 and buildingSMART certification domains, and
operational guidance through worked examples of Al-integrated instruction.
Although conceptual and awaiting empirical validation, the framework offers
actionable guidance for programme leaders and educators designing Al-
enabled BIM curricula. It contributes to educational technology scholarship by
illustrating how established learning theories can structure Al integration in
technical education and by proposing Al as a pedagogical tool for addressing
critical workforce development challenges in the construction industry.
Keywords: Building Information Modeling, Artificial Intelligence, Construction
Education, Process Competencies, Conceptual Framework, Cognitive Load
Theory.
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1. Introduction

Building Information Modelling has
transformed from a three-dimensional visualisation
technology to a comprehensive, process-driven
methodology requiring interdisciplinary
collaboration, information management expertise,
and lifecycle thinking throughout the built
environment. The ISO 19650 series of international
standards formally recognises this evolution,
defining BIM as information management using
digital models across asset lifecycles [1]. This
fundamental shift creates new competency
requirements extending far beyond traditional
computer-aided design proficiency: professionals
must orchestrate complex information workflows,
facilitate multidisciplinary collaboration, manage
data across project phases, and align digital
processes with organisational objectives [2].

Despite this evolution, educational
programmes continue emphasising software skills
over critical process competencies, creating
documented skills gaps. Recent research with 773
Australian students found graduates demonstrate
adequate technical proficiency but notable
deficiencies in process-related competencies,
including information management protocols and
interdisciplinary coordination [3]. Other studies
confirm that BIM learning remains primarily tool-
centric rather than experience-based, with limited
integration of collaborative and reflective learning
strategies [4]. Furthermore, the integration of
artificial intelligence (Al) into construction practice
is rapidly accelerating, with the Al-construction
market projected to reach $12.1 billion by 2030 at
a 31% compound annual growth rate [5].

While this Australian evidence provides
robust documentation of process-skills gaps,
similar patterns have been observed in UK, US,
and European contexts, though comprehensive
comparative studies across markets remain
limited. Future research should validate whether
these specific skills gaps generalize across
different national construction education systems
and regulatory frameworks.
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This Al adoption compounds educational
challenges: graduates must develop not only BIM
process competencies but also Al literacy and the
ability to integrate intelligent automation into
collaborative  workflows [6]. Scholars have
emphasised that the convergence of BIM and Al
will redefine professional roles and reshape the
nature of collaboration across the project lifecycle
[7].

This paper addresses this critical juncture by
developing a conceptual framework for integrating
artificial intelligence into BIM education to cultivate
both technical proficiency and process-oriented
competencies aligned with industry demands and
international standards. The framework
synthesises educational technology theory,
including the Technology Acceptance Model [8, 9],
constructivist learning theory [10, 11], and cognitive
load theory [12] - with recent scholarship on BIM
education [13, 14], Al applications in construction,
and industry workforce requirements.

This conceptual framework represents a
theoretically grounded proposal requiring empirical
testing before claims of effectiveness can be
substantiated. However, the framework’s explicit
theoretical foundations, systematic mapping to
industry standards, and detailed implementation
guidance provide educators with a structured
starting point for Al-integrated curriculum
development. The framework development follows
established  procedures  for  theory-driven
conceptual research [15-17], with each design
decision traced to theoretical principles or empirical
evidence from related domains. We propose this
framework not as a validated solution but as a
rigorous foundation for systematic empirical
investigation into Al's role in addressing
documented BIM education challenges.

2. Methodology

This paper develops a conceptual framework
through theory-driven synthesis, integrating
established educational theories with
contemporary scholarship on BIM education and Al
applications in construction. This approach is
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appropriate for nascent research domains where
empirical investigation would be premature without
a solid theoretical foundation [15, 17]. Conceptual
frameworks serve important scholarly functions:
they integrate dispersed knowledge across
domains, apply established theories to novel
contexts, and provide structured guidance for
practitioners and future empirical researchers.

Methodological Position: This is an expert-
informed, theory-driven framework development
study, not an empirical investigation. The
framework presented requires subsequent
empirical validation as outlined in Section 8. We
adopt a transparent, phased development
approach that explicitly documents our theoretical
foundations, literature selection rationale, and
synthesis procedures.

2.1. Framework Development Process

Framework development proceeded through
three iterative phases aligned with theory-driven
conceptual framework methodology [16]. Each
phase involved multiple iterations as theoretical
insights informed design decisions, which in turn
revealed needs for additional theoretical grounding
or empirical evidence.

First, theoretical foundation establishment
identified relevant educational technology theories
explaining learning processes, technology
adoption, and cognitive constraints. The
Technology Acceptance Model and Unified Theory
of Acceptance and Use of Technology were
selected for their validated explanatory power
regarding technology adoption in educational
contexts [8, 9]. Constructivist learning theory was
chosen for its emphasis on authentic activity, social
learning, and scaffolding—principles directly
applicable to BIM as collaborative professional
practice [10, 11]. Cognitive load theory was
incorporated to address information processing
constraints, particularly relevant to complex
technical education requiring simultaneous
development of multiple competency domains [12].

Second, we conducted an expert-informed
literature synthesis across four knowledge
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domains essential for framework development: (1)
BIM education pedagogies and curriculum design,
(2) Al applications in construction, (3) educational
technology adoption research, and (4) workforce
competency  frameworks.  This integrative
approach was selected because the framework
requires insights from multiple disciplines that
would not emerge from a single-domain systematic
review [17]. Literature Selection Process: We
identified literature through three complementary

strategies:

Foundational theories: Established
educational frameworks (TAM, constructivism,
cognitive load theory) selected based on
widespread validation and relevance to

technology-enhanced collaborative learning.

Recent empirical evidence: Studies from
2020-2024 identified through Google Scholar and
Scopus using keywords: “BIM education,”
“construction Al,” “technology acceptance,”
“process competencies,” and “ISO 19650
education”

Industry standards: Current versions of 1ISO
19650 and buildingSMART certification
frameworks accessed through official
organizational websites.

Selection Criteria: We prioritized: 1. Peer-
reviewed empirical studies documenting BIM
education outcomes or skills gaps 2. Recent
publications (2020-2024) on Al adoption in
construction 3. Theoretical works with established
validity in educational technology 4. Industry
reports providing workforce competency data 5.
International standards documents (ISO 19650,
buildingSMART).

Limitations: This synthesis reflects the
authors’ expert judgment in selecting relevant
literature rather than exhaustive systematic
coverage. Alternative theoretical frameworks (e.g.,
Activity Theory, Communities of Practice) could
provide different analytical lenses. We
acknowledge potential selection bias toward
English-language publications and Australian-
context research given authors’ institutional
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contexts.

Third, theory evidence synthesis integrated
theoretical principles with empirical findings to
generate framework components and design
principles. Each framework element traces
explicitly to theoretical foundations: scaffolded
progression derives from the constructivist zone of
proximal development and cognitive load
management principles [10-12]; Al integration as a
cognitive tool follows from cognitive load theory’s
distinction between extraneous and germane load
and current evidence on Al-enabled workflows in
construction [2, 6, 7, 12]; collaborative learning
structures align with social constructivism and
authentic practice principles [10, 11]; and
assessment approaches reflect constructivist
emphasis on authentic performance demonstration
in BIM education [4, 13, 14].

2.2. Framework Validation Strategy

As a conceptual framework, this work does
not present empirical validation data. However, we
designed the framework with explicit validation
criteria to guide future empirical research:

Internal Validity (Theoretical Coherence): -
Each framework component traces explicitly to one
or more theoretical foundations - Design principles
align consistently with constructivist, TAM, and
cognitive load theory assumptions - Learning
outcomes map systematically to 1ISO 19650 and
buildingSMART competency domains.

External Validity (Practical Feasibility):
Informal consultation with five industry practitioners
during framework development, whose feedback
specifically informed the selection of Al tools in
Phase 2, the emphasis on ISO 19650 compliance
in assessment rubrics, and the practical constraints
reflected in the three-phase curriculum structure.

Proposed  Validation  Pathway:  This
framework  requires  multi-phase  empirical
validation before broad adoption:

Expert validation (immediate): Delphi study
with BIM educators and industry professionals to
assess completeness, feasibility, and relevance.

Pilot implementation (6-12 months): Small-
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scale trial in one course to identify implementation
barriers and refine components.

Comparative effectiveness (1-2 years):
Quasi-experimental study comparing framework-
based instruction with traditional approaches.

Longitudinal tracking (2-5 years): Follow-up
studies assessing graduate competencies in
professional practice.

Section 4 provides detailed guidance for
conducting these validation studies.

Current Status: The framework presented
represents a theoretically informed proposal
requiring empirical testing. We do not claim
validated effectiveness but rather offer a structured
foundation for systematic empirical investigation.
2.3. Literature Selection and Synthesis

Literature  selection prioritised recent
scholarship  (2023—-2025) addressing three
domains: BIM education pedagogies and learning
outcomes, Al applications in construction practice,
and technology acceptance in educational
contexts. Search strategies employed Google
Scholar, Web of Science, and targeted journal
searches in construction management education,
educational  technology, and  construction
innovation journals. Keywords included
combinations of: building information modelling,
BIM education, artificial intelligence in construction,
generative Al, construction education, technology
acceptance, process competencies, and I[SO
19650 [1].

Inclusion criteria emphasised: empirical
studies examining BIM education approaches and
outcomes; research documenting Al applications in
AEC practice with educational implications [18, 19,
20]; and nd Al competency frameworks in higher
and technical education [21, 22, 23].

Technology acceptance and integration
perspectives were guided by contemporary
frameworks for Al and digital pedagogy [24], while
foundational technology acceptance models were
retained for theoretical grounding. The selection
also incorporated research addressing the
evolution of Al competencies in non-computer
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science and interdisciplinary education [25, 26].

Approximately 45 peer-reviewed articles, 12
industry reports, and 8 international standards
documents were reviewed, with 20 seminal recent
studies integrated throughout literature review and
framework development [17]. This selective
approach enabled depth of engagement with key
scholarship rather than superficial coverage of an
exhaustive literature corpus.

Thematic synthesis organised findings into:
skills gaps between academic preparation and
industry requirements [27], pedagogical
frameworks for technology-enhanced construction
learning [28], Al capabilities and applications in
BIM workflows [18], technology acceptance factors
influencing student adoption, and industry
standards defining professional competence [29].
These themes structure the literature review and
inform  framework design, ensuring each
component addresses documented challenges
while aligning with theoretical principles and
industry requirements.

2.4. Framework Validation and Limitations

This framework is purely conceptual without
empirical validation through implementation,
expert review, or pilot testing. This limitation
reflects the methodology's theoretical nature: the
framework provides conceptual foundation and
implementation guidance requiring future empirical
research to validate effectiveness, feasibility, and
refinement needs. The framework's value lies in
theoretical integration, synthesis of dispersed
knowledge, and provision of structured guidance
for implementation research and practical
curriculum development.

Future research should pursue multiple
validation approaches: pilot implementation in
specific courses with evaluation of learning
outcomes, student technology acceptance, and
process competency development; expert review
panels with BIM educators, industry practitioners,
and educational technology specialists assessing
framework validity, completeness, and
implementability; and comparative  studies
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examining outcomes across institutions
implementing framework elements  versus
traditional approaches. These empirical

investigations will refine framework components,
identify implementation challenges, and provide
evidence regarding effectiveness claims.
3. Literature Review
This literature review synthesizes recent
scholarship addressing Al integration in BIM
education, pedagogical frameworks for
technology-enhanced construction learning, and
industry workforce demands. The review is
organized thematically to identify research trends,
documented challenges, and opportunities
informing framework development.
3.1. The Process-Skills Gap in BIM Education
Recent empirical research documents
persistent misalignment between BIM educational
outcomes and industry requirements. Papuraj et al.

[30] conducted a comprehensive review of
Construction Project Management programs
across Australia and identified significant

disparities between the BIM skills taught in
universities and those demanded by employers.
Despite widespread inclusion of BIM software
training, students exhibited deficiencies in process-
oriented and collaborative competencies essential
for integrated project delivery. Similarly, Del Savio
et al. [31] eveloped a methodology for embedding

BIM transversally across civil engineering
curricula. This study revealed disciplinary
differences: Civil Engineering students

emphasized technical validation with four times
more references to clash detection, while
Construction Management students prioritized
stakeholder coordination—yet both groups showed
limited exposure to complementary perspectives
essential for integrated BIM implementation.

At the same time, the convergence of BIM
and Al has exposed additional educational
challenges. A systematic review by Jelodar [32]
synthesised emerging research on generative Al
and large language models (LLMs) in construction
education, identifying skill gaps across six
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competency areas, including data literacy,
interdisciplinary  collaboration, and process
reasoning. The study found that while Al tools
enhance foundational learning and design
efficiency, the lack of standardized AI-BIM
pedagogical frameworks constrains the translation
of these skills into industry practice.

Khan et al. [18] systematically reviewed 64
articles on BIM-Al integration, identifying 39
challenges across six taxonomies. The knowledge
taxonomy educational deficiencies and skilled
personnel gaps emerged as critical constraint
alongside financial and organizational factors.
Their analysis emphasized that training
frameworks constitute prerequisites for BIM-Al
adoption, yet standardized educational
approaches remain undeveloped.

Collectively, these findings suggest that the
contemporary curriculum often prioritises software
proficiency over process competencies such as
collaborative  problem-solving,  data-informed
decision-making, and interdisciplinary coordination
skills that are central to both BIM maturity and Al-
integrated construction practice. This educational
gap constrains industry innovation and productivity
in increasingly digitalised construction markets.
3.2. Pedagogical Frameworks for Technology-
Enhanced Learning

Recent research continues to refine
pedagogical strategies that bridge digital tools and
experiential learning within BIM education. Garcés
and Pena [33] proposed an engineering education
model grounded in Kolb’s experiential learning
theory, aligning laboratory-based BIM and Industry
4.0 practices to foster reflective and active learning
cycles. Similarly, Zhang et al. [28] developed an
integrated experiential learning based BIM

framework that enhanced students’ process
mapping, collaboration, and project-based
reasoning skills, supporting the shift from

operational competence to strategic thinking.

In parallel, Benner and McArthur [34]
demonstrated the impact of data-driven design
pedagogy combining BIM simulations with
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sustainability analysis to achieve higher-order
cognitive learning. Recent advances extend these
approaches using Al-supported virtual and
adaptive learning systems to enhance student
engagement, reflective practice, and individualized
feedback [35, 36]. These studies converge on key
design principles authentic problem contexts,
collaborative and reflective learning, experiential
engagement, and scaffolded technology
integration which form the pedagogical foundation
for the proposed Al integrated BIM education
framework.

3.3. Al Applications in Construction and BIM

The integration of Artificial Intelligence into
BIM and construction workflows is rapidly
transforming both professional practice and
education. Yang [37] provided a comprehensive
review of AI-BIM applications, categorizing
progress across machine learning, computer
vision, natural language processing, and
generative design for lifecycle optimization and
sustainability. The convergence of these
technologies is mirrored by rapid market expansion
valued at USD 1.8 billion in 2023 and projected to
reach USD 12.1 billion by 2030 (31 % CAGR)
reflecting the  sector’'s  transition  from
experimentation to mainstream implementation
[37].

Complementarily, Rane [38] identified
interoperability, data security, and workforce
training as critical challenges to effective Al-BIM
integration, underscoring the need for standardized
educational frameworks to build algorithmic literacy
and ethical awareness. Jelodar [32] further
explored the use of generative Al and large
language models in construction education and
training, highlighting that while Al enhances
simulation-based learning and project
management analytics, it often lacks mechanisms
for  developing process reasoning and
interdisciplinary communication. This trajectory
signals an urgent need for construction education
to embed Al literacy, data ethics, and digital
process competencies alongside traditional BIM
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skills, preparing graduates for intelligent and
adaptive construction ecosystems.
3.4. Research Gap and Distinctive Contribution

Recent research has advanced
understanding in several relevant domains—skills
gaps in BIM education, Al-enabled BIM integration,
and constructivist, technology-enhanced
pedagogies [30, 37]. However, critical gaps persist
across theoretical integration, pedagogical
alignment, and operational implementation.

Lack of theoretical integration: No existing
framework  explicitly integrates = Technology
Acceptance Model (TAM), Constructivist Learning
Theory, and Cognitive Load Theory (CLT) to
address process competency development
through Al-enhanced BIM education. While Song
[39] demonstrated TAM-CLT interaction effects in
Al-assisted learning, this has not been extended to
construction education or BIM domains.

Fragmented focus between BIM and Al:
Existing research explores either BIM education
[28] or Al adoption in construction [40], but not their
systematic integration as a pedagogical strategy
where Al serves as a cognitive scaffold facilitating
higher-order process reasoning.

Limited standards alignment: Although I1SO
frameworks such as ISO 19650 and ISO/IEC
42001:2023 establish robust guidelines for
information and Al management, few educational
frameworks explicitly map BIM learning outcomes
to these standards.

Absence of operational curriculum models:
Current literature often remains conceptual,
providing limited worked examples or assessment
models linking theory to curriculum
implementation.

The proposed framework distinguishes itself
from existing BIM pedagogical approaches in
several key ways. Experiential learning
frameworks for BIM, such as those by Zhang et al.
[28] and Garces and Pena [33], emphasize hands-
on project engagement but do not explicitly
theorize Al as a cognitive scaffold. BuildingSMART
competency frameworks define professional
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knowledge domains but lack pedagogical guidance
for developing those competencies. Prior TAM-
based studies in BIM education examine
technology acceptance but do not integrate
cognitive load management strategies. This
framework synthesizes these disparate
approaches into a unified model where Al serves
specifically to enable process competency
development rather than merely adding Al content
to existing curricula.

This study makes four distinct contributions
to BIM pedagogy research. First, it synthesizes
TAM/UTAUT, Constructivist Learning Theory, and
Cognitive Load Theory into a unified conceptual
framework that explicitly demonstrates how each
theoretical lens informs specific pedagogical
design elements. Scaffolded progression,
grounded in CLT principles, manages task
complexity and reduces extraneous cognitive load.
Authentic collaborative projects, drawing from
Constructivism, enable situated learning and
knowledge co-construction. Meanwhile, perceived
usefulness and ease of use from TAM serve as
motivational anchors that promote technology
acceptance in hybrid  Al-BIM learning
environments.

Second, the framework advances a novel
conceptualization of Al as a pedagogical scaffold
rather than merely an operational tool. This
perspective positions Al as a mechanism that
redistributes cognitive load from procedural
software tasks toward conceptual and process-
level reasoning. Al tools such as generative models
and intelligent tutors dynamically support schema
construction and reflection, thereby promoting
metacognitive =~ engagement  and process
awareness in BIM practice.

Third, the framework systematically aligns
BIM learning outcomes with established industry
standards, including ISO 19650 for information
management and buildingSMART certification
criteria, while incorporating principles from ISO/IEC
42001:2023 for Al management and ethical
compliance. The framework also integrates recent
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ISO extensions for BIM interoperability, specifically
ISO 16739-1:2024 concerning Industry Foundation
Classes.

Fourth, the study provides actionable
implementation guidance through a worked
example that illustrates curriculum architecture
across a three-phase progression—orientation,
integration, and application—with each phase
mapped to ISO competencies. Assessment rubrics
are developed to evaluate process competencies
including collaboration, data ethics, and decision
reasoning, areas that remain underexplored in
existing BIM pedagogy.

4. Theoretical Framework
This framework integrates three educational

technology theories that collectively explain
technology adoption, learning processes, and
cognitive  constraints in complex technical

education. Each theory contributes distinct insights
that inform specific framework design decisions, as
detailed below.

4.1. Technology Acceptance Model: Design
Implications

The Technology Acceptance Model [8] and
UTAUT [9] explain technology adoption through
perceived usefulness—belief that technology
enhances performance—and perceived ease of
use—belief that technology requires minimal effort.
Recent BIM education research confirms TAM's
applicability: Abu Alieh et al. [3] found 37.7% of
student responses focused on perceived
usefulness, with performance expectations
significantly predicting learning intentions.

Design implications—How TAM
framework:

To enhance perceived usefulness: We
design authentic industry-aligned projects where
students develop BIM execution plans for actual
construction scenarios, use Al for professional
deliverables (design optimization, progress
monitoring), and receive evaluation from industry
practitioners—demonstrating clear professional
relevance.

To reduce effort expectancy: We implement

informs
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scaffolded Al introduction progressing from guided
demonstrations through supported practice to
independent application, ensuring students build
confidence gradually rather than experiencing
cognitive overload.

To leverage social influence: We structure
collaborative team projects where peer learning
occurs naturally, and incorporate industry guest
speakers who model AI-BIM integration,
normalizing technology use through professional
community endorsement.

To ensure facilitating conditions: We specify
infrastructure requirements (computing capacity,
software access, technical support) and faculty
development needs, addressing organizational
prerequisites for successful technology integration.
4.2. Constructivist Learning Theory: Design
Implications

Constructivism [10] positions learning as
active knowledge construction through experience
rather than passive information reception.
Vygotsky’s Zone of Proximal Development (ZPD) -
the gap between independent capability and
guided achievement defines the optimal learning
space. Scaffolding provides temporary support
enabling learners to accomplish tasks beyond their
independent capacity, gradually releasing support
as competence develops.

Design implications — How constructivism
informs framework:

From zone of proximal development:

We structure curriculum as three-phase
progression (foundational knowledge — guided
application — independent practice) where each
phase operates within students' development
zone, providing appropriate challenge with
available support.

From scaffolding principles:

We position Al tools as cognitive scaffolds
that support complex tasks—BIM execution plan
development, coordination workflows—enabling
students to engage with professional-level
activities while building independent competence.
Scaffolds are gradually removed as students
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demonstrate mastery.

From social constructivism:

We design interdisciplinary team projects
where architecture, engineering, and construction
management students collaborate, mirroring
professional practice communities and enabling
peer learning through diverse perspectives.

From situated learning:

We embed learning in authentic contexts
using actual project data, ISO 19650 requirements,
and industry evaluation criteria, positioning
competency development within communities of
practice rather than decontextualized academic
exercises.

4.3. Cognitive
Implications

Cognitive load theory [12] distinguishes
intrinsic load (inherent content complexity),
extraneous load (effort from poor instructional
design), and germane load (effort devoted to

Load Theory: Design
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learning). BIM education faces high intrinsic load:
students must simultaneously master software
operations, understand building systems, learn
information management protocols, and develop
collaborative capabilities. Traditional instruction
often adds extraneous load through complex
interfaces and fragmented learning, leaving
insufficient cognitive capacity for germane load—
deep process understanding.

Fig. 1 shows the cognitive load redistribution
through Al integration in BIM education. Traditional
instruction requires 45% of cognitive capacity for
software operations, leaving only 20% for process
understanding—explaining documented process
competency gaps. Al automation reduces software
operations to 15%, redistributing 30% of cognitive
capacity to process understanding (40%) and
collaboration (20%), directly addressing the skills
gap identified by Abu Alieh et al. [3].

TRADITIONAL BIM EDUCATION

Total Cognitive Capacity (100%)

Software Operations: 45%
- Interface navigation;

- Command sequences;

- Manual modeling;

- Repetitive calculations

Building Systems Knowledge: 25%

AI-ENHANCED BIM EDUCATION

Total Cognitive Capacity (100%)

Software Operations: 15%
15% - Strategic tool selection;
- Al output verification;
- [Al automates: interface,
commands, repetitive modeling]

Building Systems
Knowledge: 25%

- [Unchanged - still essentiall;
- Technical specifications;

- System interactions

25%

Process Understanding: 40%

- Technical specifications;
- System interactions;
- Construction methods

25%

Al AUTOMATION
REDISTRIBUTES

(INCREASED CAPACITY)
- Information requirements analysis;
- Coordination strategy design;

Process Understanding: 20%
- Information management;

- Coordination protocols;

- 1SO 19650 workflows

20%
(GAP AREA)

Collaboration & Communication: 10%
- Team coordination;
- Stakeholder engagement

10%

- ISO 19650 implementation;
- Workflow optimization;
- Strategic decision-making

Collaboration &
Communication: 20%

- Interdisciplinary coordination;
- Stakeholder engagement;

- Professional judgment;

- Ethical Al application

20%

Fig. 1. Cognitive Load Redistribution Through Al Integration

Design implications—How cognitive load
theory informs framework:

To manage intrinsic load:

We separate foundational concept learning
from complex application, introducing BIM
principles, SO 19650 concepts, and Al
fundamentals before requiring simultaneous
integration—preventing cognitive overload through
staged complexity.

To reduce extraneous load:

We use Al to automate routine software
operations (model generation, quantity extraction,
template creation), minimizing cognitive effort on
mechanical tasks that don't contribute to process
understanding.

To maximize germane load:

By offloading routine operations to Al, we
redirect  cognitive  capacity to  process
competencies information requirement analysis,
interdisciplinary  coordination strategies, SO
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19650 workflow design, and strategic decision-
making. Students focus mental effort on learning
objectives rather than tool mechanics.

Critical insight:

This cognitive load redistribution addresses
the documented skills gap: by reducing time spent
on software operations (where graduates show
adequacy) and increasing focus on process
understanding (where deficiencies exist), Al
integration targets the specific competency gap
identified by Abu Alieh et al. [3].

However, educators must acknowledge that
learning to effectively prompt, control, and verify Al
outputs can itself impose cognitive load on novices.
This initial learning investment is addressed
through the Phase 1 scaffolded introduction, where
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students develop Al literacy before applying Al
tools to complex BIM tasks. The framework
anticipates that this temporary increase in cognitive
demand during Al familiarization will yield net
cognitive load reduction as students become
proficient Al users.

These three theories provide integrated
foundation where TAM explains adoption factors to

address, constructivism guides pedagogical
structure and scaffolding approaches, and
cognitive load theory justifies Al's role in

redistributing attention from mechanics to
processes. Each framework element traces to
these theoretical principles, ensuring design
decisions are theoretically grounded rather than ad
hoc.

OUTPUT: Process Competencies

Information Management

Interdisciplinary Coordination

-

Strategic Decision-Making

Professional Judgment

AI-INTEGRATED BIM
EDUCATION FRAMEWORK

Technology Acceptance Model (TAM)

/—/\_IsefulneSS enhanced through authentic prm‘

Cognitive Load Theory (CLT)

Constructivist Learning Theory

[ Perceived Authentic |nduslry Intrinsic Load

Usefulness projects Managemem
Percewed Ease Scaffolded A& Effort Extraneuus Load
of Use introduction expectancy Rel uctlon

Staged Zone of Three-phase
complexity Proximal Dev. progression
Al automation i Scaffoldin Al as cognitive
Scaffolding 9 support

manages
cognitive load

cognmve Ioad

4
[ Social Influence ]—>[ Collaborative ] [ Germane Load

H Process focus ]

Social Interdisciplinary
Construction teams

S— i, WS S VS S S

learning Ma)umlzataun
4
Facmtallng Infrastructure Cognmve Skills gap Situated Authentic
Conditions support Redistribution targeting Learning contexts
:' FOUNDATION: Industry Standards & Competencies ‘:
! [ ISO 19850 Standards ] [ buildingSMART Competencies j ]
1 1

LORNEE e = S e et O S = AT PN S R NSRS = ]

Fig. 2. Integrated Theoretical Framework Model

Fig. 2 presents the integrated theoretical
framework underpinning the Al-enhanced BIM
education model, illustrating how three
complementary pedagogical theories converge to
support process competency development. The
framework is anchored by the Technology
Acceptance Model (TAM), which addresses
adoption through perceived usefulness via
authentic industry projects, perceived ease of use
through scaffolded introduction, social influence via
collaborative learning, and facilitating conditions

through infrastructure support. Cognitive Load
Theory (CLT) occupies the central position,
managing intrinsic load through staged complexity,
reducing extraneous load via Al automation,
maximizing germane load through process focus,
and enabling cognitive redistribution for skills gap
targeting. Constructivist Learning Theory provides
the pedagogical structure through zone of proximal
development with three-phase progression,
scaffolding with Al as cognitive support, social
construction via interdisciplinary teams, and

170



JSTT 2026, 6 (1), 161-182

situated learning in authentic contexts. The
bidirectional arrows demonstrate critical
interactions: effort expectancy from TAM shapes
cognitive load management in CLT, scaffolding
from Constructivism manages cognitive demands,
and usefulness is enhanced through authentic
practice connecting TAM and Constructivism. This
integrated framework rests on the foundation of
ISO 19650 standards and buildingSMART
competencies, ultimately delivering four key
process competencies: information management,
interdisciplinary coordination, strategic decision-
making, and professional judgment.

4.4. Critical Considerations: Al Limitations and
Risk Mitigation

While Al tools offer significant pedagogical
potential, educators must acknowledge and
actively address their limitations to prevent adverse
learning outcomes. This section examines four
critical challenges and proposes mitigation
strategies integrated into the framework.

4.41. Technical Limitations: Accuracy and
Hallucinations

The Challenge: Current large language
models (LLMs) including ChatGPT and Claude can
generate plausible-sounding but factually incorrect
information about BIM processes, ISO 19650
requirements, or technical specifications. For
instance, an LLM might confidently describe non-
existent 1ISO 19650 clauses or recommend
inappropriate Level of Information Need (LOIN)
specifications for specific project stages. These
“hallucinations” pose particular risks in technical
education where incorrect information can
propagate into professional practice.

Framework Mitigation Strategies:

Verification Requirements:

All Al-generated content must be verified
against authoritative sources (ISO standards,
buildingSMART documentation, industry guides)
before use in assessments.

Scaffold Critical Evaluation:

Phase 1 includes explicit instruction on
identifying Al errors through comparison exercises
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where students evaluate Al outputs against known-
correct reference materials.

Dual-Source Validation:

Require students to corroborate Al
suggestions with at least one independent source
(textbook, standard, instructor guidance).

Red-Flag Training:

Teach students to recognize indicators of
potential Al inaccuracy (vague citations, overly
confident tone without specifics, inconsistency with
established practice).

Assessment Integration:

Include “error detection” tasks
students identify deliberate mistakes
generated BIM coordination reports.

Require reflection on instances where Al
provided incorrect guidance and how students
identified the error - Assess ability to verify Al
outputs against ISO 19650 documentation.

4.4.2. Over-Reliance and Deskilling Risks

The Challenge: Excessive Al scaffolding may
prevent students from developing fundamental
competencies. If Al automates clash detection
workflows, students might never develop intuition
about common spatial coordination issues. If Al
drafts all information exchange protocols, students
may lack understanding of the underlying ISO
19650 logic. This “automation complacency” has
been documented in other technical domains.

Framework Mitigation Strategies:

Progressive Al Withdrawal: Each phase
requires increasing student autonomy:

Phase 1: Al assists with 60-70% of routine
tasks

Phase 2: Al assists with 30-40% of tasks

Phase 3: Al used only for specific complex
scenarios, with students independently managing
most workflows

Mandatory Unaided Practice:

Include assessment components where Al
tools are explicitly prohibited, requiring students to
demonstrate independent competency:

Manual clash detection exercises (small-
scale)

where
in Al-
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Unaided
drafting

Independent model audit using only native
BIM software tools

Conceptual Understanding Before
Automation: Sequence learning so students
develop conceptual understanding before Al
introduction:

Week 1-2: Manual completion of workflows to
build mental models

Week 3-4: Introduction of Al assistance once
foundation established

Week 5+: Balanced Al-assisted and
independent practice

Metacognitive Awareness: Regular reflection
activities where students assess:

Tasks they can complete
vs. requiring Al.

How their capability has changed since
beginning Al use

Situations where Al assistance was actually
counterproductive

Assessment Integration:

“Unplugged” assessments requiring
demonstration of skills without Al assistance

Comparison tasks showing student work with

information exchange protocol

independently

and without Al to demonstrate independent
capability
Reflection portfolios documenting  skill

development and Al dependency monitoring.
4.4.3. Bias and Equity Considerations

The  Challenge: Al  training data
predominantly reflects Western construction
practices and may not adequately represent
diverse international standards, regional building
codes, or culturally specific construction
approaches. Additionally, Al tools trained on
historical project data may perpetuate biases in
resource allocation, risk assessment, or design
priorities.

Framework Mitigation Strategies:

Bias Awareness Training:

Explicit instruction on: - How Al training data
limitations affect output relevance - Regional
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variation in BIM implementation that Al may not
capture - Importance of validating Al suggestions
against local codes and standards.

Diverse Case Studies:

Deliberately include examples from multiple
geographic contexts and project types to illustrate
where Al recommendations might not generalize.

Critical Questioning Protocol:

Train students to ask:

What data was this Al trained on?

Does this recommendation reflect my
project’s specific context?
Are there cultural, regional, or project-

specific factors Al might not consider?

Equity Monitoring: Institutional commitment
to:

Providing equal Al tool access regardless of
student resources

Offering alternative pathways for students
with limited connectivity

Ensuring assessments don’t disadvantage
students with differential Al access
4.4.4. Professional Ethics and Academic
Integrity

The Challenge: Students must understand
ethical boundaries for Al use in both academic and
professional contexts. Questions arise around:

When does Al assistance become academic
dishonesty?

How should professionals disclose Al use in
deliverables?

What liability implications exist for Al-
generated design decisions?

How do professional codes of conduct apply
to Al-assisted work?

Framework Mitigation Strategies:

Explicit Al Use Policies:

Clear institutional guidelines specifying:

Permitted vs. prohibited Al applications for
different assessment types

Required disclosure of Al assistance in
submitted work

Citation
content

requirements for Al-generated

172



JSTT 2026, 6 (1), 161-182

Professional Ethics Integration: Curriculum
components addressing:

Professional liability for Al-assisted design
decisions

Client disclosure requirements about Al use

Industry best practices for Al tool selection
and validation

Academic Integrity Scaffolding:

Phase 1: Highly structured Al use with explicit
permission

Phase 2: Bounded Al use
disclosure statements

Phase 3: Professional-context Al use with
ethical reasoning requirements

Authentic Professional
studies examining:

Liability cases involving automated design
systems

Professional ethics complaints related to
undisclosed Al use

Industry  debates
professional certification
4.4.6. Implementation Checklist for Educators

Before implementing Al-integrated BIM
instruction, educators should:

Establish clear Al use
communicate to students

Test all recommended Al tools to identify
current accuracy limitations

Develop verification
generated content

Create unaided practice components for all
major competencies

Design error-detection assessment tasks

Prepare bias awareness instructional
materials

Establish procedures for monitoring student
dependency

Develop ethics case studies relevant to local
professional context

Plan for annual review and technology
updates

Identify support resources for students with
limited Al access

requiring

Scenarios: Case

about Al's role in

policies and

protocols for Al-
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Critical Principle: Al should amplify, not
replace, student thinking. The framework succeeds
only if graduates demonstrate both Al-assisted
efficiency AND  independent  professional
competency.

5. Al-Integrated BIM Education Framework

This section presents the comprehensive
framework architecture, structured as three
progressive curriculum phases with explicit
mappings to theoretical principles and industry
standards. Fig. 3 showing progressive
development of competencies, evolving Al role,
and decreasing scaffolding. Phase 1 establishes
conceptual foundations without technical pressure;
Phase 2 applies concepts through scaffolded
practice with Al reducing extraneous cognitive
load; Phase 3 positions students as independent
practitioners making strategic Al tool selections.
The progression aligns with constructivist zone of
proximal development while systematically
addressing 1ISO 19650 sections.

Table 1 summarizes the framework structure,
showing relationships between phases, theoretical
foundations, and competency development.

5.1. Phase 1: Foundational Knowledge
Development

The foundational phase establishes essential
understanding across three domains without
requiring simultaneous technical integration.
Because of cognitive load theory, we separate
conceptual learning from complex application,
preventing cognitive overload while building
knowledge foundations. Students learn BIM as
information management process (not just
software), ISO 19650 principles for collaborative
workflows, and Al capabilities in construction
contexts. Assessment emphasizes conceptual
understanding through concept maps, ISO 19650
workflow explanations, and Al capability analysis—
demonstrating comprehension without technical
pressure.

Because of TAM, we explicitly demonstrate
professional relevance through industry examples,
guest speakers, and real project analyses,
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enhancing perceived usefulness before students
invest effort in skill development. This sequence—
understand value before learning application—

addresses TAM's emphasis on usefulness
perceptions driving adoption intentions.

5.2. Phase 2: Guided Integration and
Application

The intermediate phase applies foundational
knowledge through structured projects with explicit
instructor scaffolding. Because of constructivist
zone of proximal development, projects are
designed at challenge levels just beyond students'
independent capacity but achievable with provided
support—Al tools, instructor guidance,
collaborative peer learning. Students develop BIM
execution plans for hypothetical projects,
coordinate interdisciplinary contributions in team
assignments, and manage information

requirements following ISO 19650 protocols.
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from documents, performing quantity
calculations—freeing  cognitive  capacity for
process decisions: What information requirements
does this client need? How should interdisciplinary
coordination occur? What protocols ensure
information  quality? This  cognitive load
redistribution enables students to engage deeply
with process competencies (the documented gap
area) rather than struggling with software
mechanics (where competence exists).

Because of TAM's effort expectancy,

scaffolded Al introduction—demonstrations,
guided practice, independent use—reduces
perceived difficulty, building confidence

progressively. Explicit reflection prompts develop
metacognitive awareness: How did Al change your
workflow? What decisions did you make versus Al?
How did you verify Al outputs? This reflection
cultivates professional judgment about appropriate

Because of cognitive load theory, Al tools Al application.
automate routine operations—generating BIM 5.3. Phase 3: Independent Professional
execution plan templates, extracting requirements  Application
PHASE 1: FOUNDATIONAL KNOWLEDGE PHASE 3: INDEPENDENT PRACTICE | (ko)
(Weeks 1-4) (Weeks 11-15) MAPPING
Competency Focus T Competency Focus
« BIM as process + BIM execution planning : * Professional judgment 19650-1
“ |5019£50 principles + Information requirements analysis « Complex decision-making Sections 3-4
» Al capabiliies & limitations * Interdiscipiinary coordination + Strategic Al tool selection (Concepts &
+ Professional ethics + Altool application & verification « Stakeholder communication Principles)
+ Portfolio development
. AR‘”" Cognitive safol 0% sk aloraton) AlRole
emonstration & exposure emplate generation i
o : ; : Professional tool (10-30% task 19650-2
VAT Tack e tag) Req%{g&egete%(itg‘ctlon automation, student-selected) tSft:;:liont 5
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Fig. 3. Three-Phase Curriculum Progression with Competency Development
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Table 1. Three-Phase Curriculum Framework with Theoretical Foundations

Phase Focus Theoretical Driver Al Role
1. BIM concepts, ISO Cognitive load: Separate Demonstration only—
Foundational 19650 principles, Al concepts from operations; understand capabilities
literacy TAM: Build perceived without pressure to apply
usefulness
2. Guided Apply concepts in Constructivism: Zone of Cognitive scaffold
Integration structured projects with  proximal development; TAM:  automating routine tasks,

instructor scaffolding

Reduce effort expectancy

enabling process focus

Professional-level
capstone with authentic
complexity

3. Independent
Practice

Constructivism: Situated
learning in professional
community

Student-selected tools
based on professional
judgment

The advanced phase positions students as
independent practitioners working on complex,
ambiguous problems. Because of situated learning
theory, capstone projects use actual construction
data, authentic client requirements, industry
evaluation criteria, and work-integrated learning
placements, positioning competency development
within professional communities rather than
academic simulations.

Students select Al tools independently based
on project needs, demonstrating professional
judgment. Assessment emphasizes ISO 19650

compliance, interdisciplinary coordination
effectiveness, appropriate ethical Al application,
and ability to defend decisions to industry
stakeholders. This culminates in portfolios
demonstrating comprehensive competence
aligned  with buildingSMART  Foundation

certification standards.
6. Worked Example: Phase 2 Implementation
To illustrate potential operational
implementation (noting this represents a
conceptual design rather than an implemented and
validated curriculum). This worked example
addresses abstract framework concerns by
showing actionable curriculum design.
6.1. Course Context and Learning Outcomes
Course: BIM Processes and Information
Management (Intermediate level, prerequisite:
foundational BIM concepts)
Duration: 12-week semester, 3 hours weekly
contact

Learning Outcomes (mapped to ISO 19650):

LO1: Develop information requirements
specifications following 1SO 19650-1 principles
(Section 5.1)

LO2: Create BIM execution plans aligned
with ISO 19650-2 delivery phase structure (Section
5.3)

LO3: Apply Al tools appropriately to support
information management tasks

LO4: Evaluate Al outputs critically and verify
accuracy before professional use
6.2. Project Assignment: Commercial Office
Building

Scenario: Students (in teams of 4,
interdisciplinary) receive RFP for 5-story
commercial office building. Client requires ISO
19650-compliant information management. Project
challenge: develop comprehensive BIM execution
plan addressing organizational information
requirements, delivery strategies, and coordination
protocols.

Week 1-3:
Analysis

Task: Analyze RFP to identify organizational
information requirements (OIR), asset information
requirements (AIR), and project information
requirements (PIR)

Al Tool Application: Use ChatGPT-4 / Claude
to extract requirements from 40-page RFP using
prompts: "Analyze this RFP section and identify
information requirements related to sustainability
goals" or "Extract facility management needs from

Information  Requirements
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Section 4.2" Students critically evaluate Al
extraction: Is this requirement stated explicitly or
inferred? Did Al miss any requirements? Are

requirements correctly categorized as
OIR/AIR/PIR?
Theoretical  Connection: Al reduces

extraneous cognitive load (reading 40 pages
manually) enabling germane load (analyzing
requirement relationships, implications,
completeness)

ISO 19650 Alignment: Directly practices ISO
19650-1 Section 5.1 (information requirements)
and 1SO 19650-2 Section 5.1 (assessment and
need)

Week 4-7: BIM Execution Plan Development

Task: Develop BIM execution plan including:
project information standards, information delivery
milestones, coordination procedures, responsibility
matrices.

Al Tool Application:

Use Generative Al to create BEP template
following 1SO 19650-2 structure with prompt:
"Generate BIM execution plan outline for
commercial construction following 1ISO 19650-2
Section 5.3 requirements"

Students populate template with project-
specific content, making strategic decisions about:
Level of Development progression, coordination
meeting frequency, clash detection protocols,
information container structure.

Use Al to generate RACI matrices: "Create
responsibility matrix for BIM coordination tasks
involving architect, structural engineer, MEP
engineer, contractor" then critique and refine.

Theoretical Connection: Al handles template
generation and formatting (low-value mechanical
work), students focus cognitive capacity on
strategic content—which standards apply? What
coordination frequency balances thoroughness
and efficiency? How should responsibilities
distribute?

ISO 19650 Alignment: Directly implements
ISO 19650-2 Section 5.3 (collaborative production
of information) including delivery team capability
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assessment, mobilization, and collaborative
production.

Week 8-11: Interdisciplinary Coordination
Simulation

Task: Team coordinates interdisciplinary
design with each member contributing discipline-
specific models (architecture, structure, MEP, site).
Conduct coordination meetings, resolve clashes,
document decisions.

Al Tool Application:

Use Navisworks with Al-enhanced clash

detection analyzing thousands of potential
conflicts, prioritizing by criticality

Use ChatGPT for meeting agenda
generation: "Generate coordination meeting

agenda addressing these 12 critical clashes,
prioritizing by project impact"

Students make resolution decisions: Which
clashes require design changes versus tolerance
acceptance? How do resolution decisions affect
cost, schedule, constructability? Document
decisions following I1SO 19650 information
container principles.

Theoretical Connection: Al identifies conflicts
and prioritizes (computational task), students
engage in interpersonal negotiation, technical
decision-making, documentation—process
competencies that can't be automated.

ISO 19650 Alignment: Practices ISO 19650-
2 Section 5.4 (information management during
delivery) including quality assurance, review, and
approval workflows.

6.3. Assessment Approach and Rubric

Deliverables:

Information Requirements Matrix (20%):
Comprehensive OIR/AIR/PIR documentation

BIM Execution Plan (35%): Complete 1SO
19650-2 compliant plan with justifications

Coordination Documentation (25%): Meeting
minutes, clash resolution records, decision logs

Reflective  Analysis  (20%):  Individual
reflection on Al role, team collaboration, process
learning.

7. Implementation Strategies

176



JSTT 2026, 6 (1), 161-182

H. Golzad et al

Table 2. Process Competency Assessment Rubric (Excerpt)

Criterion Developing (1-2) Proficient (3-4) Advanced (5)
ISO 19650 BEP includes some BEP follows ISO 19650-2 Comprehensive 1ISO
Compliance required sections; structure; uses correct compliance with

inconsistent
terminology

terminology consistently

justifications for adaptations
to project context

Al Application &
Critical
Evaluation

Uses Al but accepts
outputs without
verification; limited
evidence of critical
evaluation

Applies Al appropriately;
verifies outputs;
documents Al-generated
vs human decisions

Strategic Al selection based
on task needs; critical output
evaluation with corrections;
ethical considerations
documented

Limited coordination
evidence; conflicts
unresolved;
documentation
incomplete

Interdisciplinary
Coordination

Regular coordination
meetings; conflicts
resolved with
documentation; considers
multiple disciplines

Proactive coordination;
anticipates conflicts;
documents trade-off
analysis; demonstrates
systems thinking

Table 2 is showed full rubric, which includes
7 dimensions covering SO compliance, Al
application, collaboration, information
management, strategic thinking, documentation
quality, and professional communication. This
excerpt demonstrates emphasis on process
competencies  over  technical operations.
Successful implementation requires addressing
faculty development, industry partnerships,
infrastructure, and ethical frameworks. This section
provides strategic guidance across these
dimensions.
7.1. Faculty Development

Faculty require technical Al-BIM knowledge,
pedagogical expertise in technology-enhanced
learning, and understanding of industry standards.
Development initiatives should include: intensive
training in Al tools (generative Al, machine learning
applications, computer vision) and ISO 19650
standards; pedagogical workshops addressing
constructivist instructional design, cognitive load

management, and assessment of complex
competencies; industry engagement through
sabbaticals, collaborative research, and

professional certification; and collaborative
curriculum development teams enabling peer
learning and interdisciplinary integration.

7.2. Industry Collaboration Models

Effective partnerships create mutual value
through: advisory boards providing strategic
curriculum guidance and industry trend insights;
project-based partnerships where firms provide
actual data and challenges for student learning;
work-integrated learning including internships and
co-op placements with clear learning objectives
and faculty coordination; guest teaching by
practitioners demonstrating current practice; and
collaborative research addressing practical
challenges while advancing knowledge. Sustained
relationships with clear expectations and
coordination mechanisms prove more valuable
than ad-hoc industry contact.
7.3. Infrastructure and Resources

Implementation requires: computing
infrastructure with GPU capacity for machine
learning, RAM for large BIM models, and reliable
internet for cloud collaboration; software access
through vendor educational programs, cloud
services, or open-source alternatives; learning
management systems supporting collaborative
projects; technical support for troubleshooting; and
instructional design assistance for course
development and assessment design. Budget
allocations should position infrastructure as

177



JSTT 2026, 6 (1), 161-182

strategic  investment educational
innovation.
7.4. Ethical Frameworks

Al integration raises concerns requiring
curriculum attention: algorithmic bias from
unrepresentative training data; data privacy when
projects involve sensitive information;
transparency challenges when decision logic is
opaque; and workforce displacement impacts.
Ethical frameworks should include explicit content
on bias detection and mitigation, data governance
protocols, explainability requirements, professional
accountability, and workforce transition
considerations. Case discussions, bias analysis
assignments, and guest speakers from ethics
centers develop students' capacity for ethical
reasoning enabling responsible Al application
throughout careers.

8. Discussion

This conceptual framework addresses critical
challenges in BIM education through theoretically-
grounded integration of artificial intelligence. Three
key insights merit emphasis regarding framework's
contribution and implications.
8.1. Al as Cognitive
Contribution

The framework's distinctive contribution lies
in conceptualizing Al not merely as industry tool
requiring  student  familiarization, but as
pedagogical instrument enabling cognitive load
redistribution. Traditional BIM education
overwhelms students with simultaneous demands:
master software operations, understand building
systems, learn information protocols, develop
collaboration capabilities. Cognitive load theory
explains why this produces graduates with
adequate software proficiency but process
competency deficiencies—germane load devoted
to understanding processes is consumed by
extraneous load from tool complexity.

By positioning Al to automate routine
operations (template generation, requirement
extraction, clash identification), the framework
hypothesizes that cognitive capacity redirects from

enabling

Scaffold: Novel
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mechanics to processes—analyzing requirement
relationships, designing coordination strategies,
making trade-off decisions. This addresses the
specific competency gap documented by Abu Alieh
et al. [3]: adequate technical skills but deficient
process understanding. The innovation is not
merely adding Al to curriculum, but strategically
deploying Al to enable focus on previously
neglected competencies.
8.2. Theoretical Integration as Framework
Strength

The explicit integration of TAM/UTAUT,
constructivism, and cognitive load theory provides
robust foundation absent from previous BIM
education frameworks. Each theory contributes
distinct insights: TAM explains adoption factors
requiring  instructional attention  (perceived
usefulness, effort expectancy); constructivism
guides pedagogical structure (scaffolding,
authentic activity, social learning); cognitive load
theory justifies Al's specific role (reducing
extraneous load, enabling germane load). The
worked example demonstrates how these theories
translate to concrete design decisions—not
abstract background but operational guidance.

This multi-theory integration addresses
complexity inadequately captured by single-theory

approaches. Technology adoption involves
acceptance factors (TAM), learning involves
cognitive processes (constructivism, cognitive
load), and effective implementation requires
addressing both dimensions simultaneously. The
framework's  theoretical = comprehensiveness
enhances its explanatory power and practical
utility.

8.3. Limitations and Future Research
Directions

As purely conceptual framework without
empirical validation, significant limitations exist.
The framework proposes that Al-enabled cognitive

load redistribution  will develop process
competencies, but this hypothesis requires
empirical  testing. Proposed pedagogical
strategies—scaffolded  progression, authentic

178



JSTT 2026, 6 (1), 161-182

projects, reflective  practice—derive  from
educational theory but their specific effectiveness
for AI-BIM integration remains unvalidated.
Assessment approaches emphasize process
competencies, but reliability and validity of
proposed rubrics require psychometric evaluation.

Critical future research directions include:

Pilot implementation research: Implement
framework in specific courses, measuring learning
outcomes, student technology acceptance, and
process competency development through pre-
post assessments and comparison with control
groups

Cognitive load validation: Test hypothesis
that Al automation reduces extraneous load and
enables process focus through cognitive load
measurement, time-on-task analysis, and learning
outcome assessment

Expert validation: Convene panels of BIM
educators, industry practitioners, and educational
technologists to evaluate framework validity,
completeness, feasibility, and refinement needs
through structured review protocols

Longitudinal workforce studies: Track
graduates into professional practice, assessing
whether framework-developed competencies
predict industry performance, career
advancement, or employment outcomes

Comparative effectiveness:
outcomes across institutions  implementing
framework elements versus traditional
approaches, identifying critical components and
implementation success factors.

These empirical investigations will refine
framework components, validate or refute
theoretical propositions, and provide evidence-
based guidance for scaling implementation. The
conceptual framework's value lies in providing
theoretically-grounded foundation and structured
research agenda for this essential empirical work.
8.4. Application to Transport and Infrastructure
Education

While the worked example focuses on
building construction, the framework readily adapts

Examine
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to transport infrastructure education contexts. For
high-speed rail projects, Al tools can assist
students in analyzing alignment alternatives,
extracting requirements from complex regulatory
frameworks, and coordinating between civil, track,
and signaling disciplines. Bridge inspection and
maintenance education can leverage Al-enhanced
clash detection for retrofit design coordination,
while tunnel projects present opportunities for Al-
supported 4D construction sequencing analysis.
Linear infrastructure projects introduce unique BIM
challenges including segmentation strategies,
alignment-based Level of Development
specifications, and coordination across extended
project teams, all areas where Al scaffolding can
reduce procedural cognitive load while students
focus on domain-specific process competencies.
Future implementations should develop worked
examples specifically addressing these transport
infrastructure contexts.

Future empirical research must validate
framework effectiveness, refine components based
on implementation experience, and identify critical
success factors for scaling across diverse
institutional  contexts. The transition from
conceptual foundation to evidence-based practice
requires sustained research investment and
collaborative efforts among educators, industry
partners, and educational technology specialists.
With appropriate validation and refinement, this
framework can contribute to transforming BIM
education for Industry 4.0 construction practice.

9. Conclusions

This paper has developed a conceptual
framework for Al-integrated BIM education
addressing documented skills gaps between
academic preparation and industry requirements.
The framework's distinctive contribution lies in
explicit theoretical integration—combining
TAM/UTAUT, constructivist learning theory, and
cognitive load theory—to position Al as cognitive
scaffold enabling process competency focus. By
automating routine technical operations, Al
redistributes  cognitive load from software
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mechanics to higher-order process understanding
including information management,
interdisciplinary coordination, and SO 19650
implementation.

The framework provides implementation-
ready guidance through three-phase curriculum
architecture  with  explicit  theory-to-design
connections, learning outcomes mapped to ISO
19650 and buildingSMART standards, and worked
example demonstrating operational
implementation with specific Al tools, tasks, and
assessments. While purely conceptual without
empirical validation, the framework establishes
theoretically-grounded  foundation for  future
implementation research and practical curriculum
development.

As the construction industry undergoes rapid
digital transformation with Al adoption accelerating
at 31% annually, the imperative for educational
reform intensifies. The framework demonstrates
how educational institutions can leverage Al not
merely as additional content requiring coverage,
but as pedagogical tool enabling focus on
competencies previously neglected due to
cognitive overload. This reframing—from Al as
subject matter to Al as instructional strategy—
offers path forward for addressing persistent skills
gaps while preparing graduates for Al-augmented
professional practice.
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