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Abstract

Building Information Modeling (BIM) is a transformative tool in Sustainable Design (SD),
providing measurable benefits for efficiency, collaboration, and performance in architec-
tural, engineering, and construction (AEC) practices. Despite its growing presence in
academic curricula, a gap persists between students’ recognition of BIM's sustainability
potential and their confidence or ability to apply these concepts in real-world practice.
This study examines students” understanding and perceptions of BIM and Sustainable
Design education, offering insights for enhancing curriculum integration and pedagogical
strategies. The objectives are to: (1) assess students’ current understanding of BIM and
Sustainable Design; (2) identify gaps and misconceptions in applying BIM to sustainability;
(3) evaluate the effectiveness of existing teaching methods and curricula to inform future
improvements; and (4) explore the alignment between students’ theoretical knowledge
and practical abilities in using BIM for Sustainable Design. The research methodology
includes a comprehensive literature review and a survey of 213 students from architecture
and construction management programs. Results reveal that while most students recognize
the value of BIM for early-stage sustainable design analysis, many lack confidence in
their practical skills, highlighting a perception—practice gap. The paper examines current
educational practices, identifies curriculum shortcomings, and proposes strategies, such
as integrated, hands-on learning experiences, to better align academic instruction with
industry needs. Distinct from previous studies that focused primarily on single-discipline
or software-based training, this research provides an empirical, cross-program analysis of
students’ perception—practice gaps and offers curriculum-level insights for sustainability-
driven practice. These findings provide practical recommendations for enhancing BIM and
sustainability education, thereby better preparing students to meet the demands of the
evolving AEC sector.

Keywords: building information modeling; BIM; sustainable design; AEC education;
student perceptions; curriculum integration; project-based learning; PBL

1. Introduction

As the global construction industry increases its focus on environmental responsibility,
Sustainable Design (SD) is becoming a central priority in architectural, engineering, and
construction education. Growing concerns over climate change and resource depletion have
prompted institutions worldwide to incorporate sustainability and digital innovation into
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their curricula, preparing graduates to meet the complex demands of a rapidly evolving
sector [1].

One of the most widely adopted digital tools in this context is Building Information
Modeling (BIM), which facilitates integrated design, energy analysis, daylight simulation,
and comprehensive sustainability assessments from the earliest stages of the project [2,3].
BIM empowers students to model and analyze building performance in a virtual environ-
ment, thereby enhancing both technical knowledge and critical skills such as communi-
cation, teamwork, and interdisciplinary problem-solving [4,5]. Notably, the global BIM
market was valued at USD 8.6 billion in 2023 and is projected to reach USD 24.8 billion by
2030, reflecting a compound annual growth rate (CAGR) of 16.3% [1]. According to Allied
Market Research (2024), this trend highlights the growing adoption of BIM technologies
worldwide and their expanding role in both education and industry [6]. The BIM adoption
is driven by clear evidence of its benefits. Empirical studies report that BIM adoption
may reduce labor requirements, improve productivity, and shorten construction timelines
under specific conditions, all while supporting more sustainable outcomes through energy,
material, and carbon optimization [5]. These capabilities position BIM as a cornerstone for
advancing sustainable design in both academic and professional settings.

Despite its potential, integrating BIM and sustainability in higher education remains a
persistent challenge. In architecture and construction management academic programs,
the two subjects are still taught separately, which often limits students’ ability to apply
sustainable concepts holistically using BIM tools in real-world projects [3,7]. Teaching BIM
and sustainability as separate subjects may result in graduates possessing theoretical knowl-
edge but lacking practical expertise in integrating BIM with sustainability objectives [8].
Furthermore, technical barriers, such as software interoperability and the integration of
performance metrics, combine with pedagogical obstacles, including fragmented curric-
ula, limited faculty expertise, and the complexity of both domains, to inhibit effective
learning [9,10].

Recognizing these gaps, recent educational research and industry feedback have
called for curricula that integrate project-based learning (PBL), foster interdisciplinary
collaboration, employ real-world case studies, and encourage direct engagement with
industry professionals [3,11]. These approaches have been shown to increase student
motivation, deepen learning, and better align academic outcomes with the needs of a
rapidly evolving Architectural, Engineering, and Construction (AEC) sector [12].

In response to these goals, this study investigates the integration of BIM and Sustain-
able Design in higher education, focusing on students’ perceptions, competencies, and
readiness to apply BIM for sustainability in practice. To achieve the study objectives, four
research questions (RQ1-RQ4) were developed based on a synthesis of the literature review
and preliminary classroom observations. Each question targets a specific learning dimen-
sion measured in the student survey, ensuring a precise alignment between theoretical
objectives and empirical data collection.

Previous research on BIM and sustainability education has primarily centered on
software skills or abstract sustainability concepts taught in discipline-specific settings. This
research extends the literature in three distinct contributions: (1) it provides an empirical,
cross-program comparison of perception—practice gaps between Architecture and Construc-
tion Management students; (2) it offers curriculum-level insights by linking survey results
to actionable recommendations for course and program improvement; and (3) it positions
these insights within an evidence-based framework for curriculum integration, bridging
quantitative perception data with qualitative educational analysis.

By integrating recent research with empirical survey findings, the study advances be-
yond descriptive inquiry to propose actionable strategies for aligning BIM and sustainability
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education with industry expectations, ensuring that future graduates are equipped to address
the sustainability and digitalization challenges of contemporary construction practice.

2. Background
2.1. Research Trends in BIM and Sustainable Design

Recent survey studies confirm that BIM is being used more frequently to facilitate
sustainable building design in both professional practice and educational settings [13,14].
Their analysis shows that BIM enables more accurate simulations for energy efficiency and
material selection, a trend that aligns with the industry’s shift toward performance-driven
design practices. Additionally, research on the integration of BIM and sustainable design
has focused on several key areas, including energy performance analysis, material opti-
mization, and Life Cycle Assessment (LCA). Recent studies have increasingly emphasized
BIM'’s role in holistic building performance optimization, with energy simulations, day-
lighting, and embodied carbon analysis now standard in both research and practice [15-17].
These tools enable architects and engineers to make design decisions that minimize energy
consumption, reduce waste, and optimize resource usage during the entire lifecycle of the
building [18]. Benner et al. (2019) highlighted the rise of data-driven BIM approaches for
sustainability certification, like LEED [19], while Sanchez-Lite et al. (2022) demonstrated
how digital models are used for ongoing sustainability performance monitoring [20].

The education sector has also recognized the need to integrate BIM and sustainable
design into its curricula. Recent surveys indicate a surge in the adoption of BIM-enabled sus-
tainability coursework across architecture and construction programs worldwide. [21,22].
Several studies have reported on the integration of BIM in construction management and
architecture programs, where students learn to apply BIM tools to assess the sustainability
of their designs [8,23]. For example, Project-Based Learning (PBL) has been identified as
an effective method for teaching students how to integrate BIM and sustainability. Jin
et al. (2018) and Ma and Tao (2023) both demonstrated that interdisciplinary PBL envi-
ronments using BIM foster deeper understanding and collaboration around sustainable
solutions [24,25]. In PBL environments, students work on real-world scenarios, allowing
them to apply BIM tools to solve sustainability challenges, such as energy optimization,
water management, and the use of sustainable building materials [26].

Figure 1 shows a steady rise in publications on BIM and Sustainable Design in educa-
tion from 2020 to a peak in 2024, reflecting growing academic interest in this intersection.
The early 2025 decline likely results from ongoing indexing. This trend supports the system-
atic literature search findings, confirming that BIM-sustainability integration has become
an emerging focus in educational research.

Furthermore, some studies have highlighted the potential of energy simulation soft-
ware integrated with BIM to help students and practitioners assess energy needs, reduce
carbon footprints, and analyze renewable energy options [27,28]. Hopfe et al. (2022) further
illustrated the growing use of advanced simulation tools in undergraduate teaching for
building performance analysis [29]. For instance, tools like Green Building Studio and
Autodesk Revit are frequently used in educational settings to teach students about building
performance simulation, which is critical for understanding sustainable design [30].

While these trends highlight the growing adoption of BIM in the context of sustainable
design, there remain challenges to its full integration. Many studies point to the lack
of standardization and software interoperability as key barriers [1,3]. Tran et al. (2024)
provided a comprehensive review of persistent challenges, citing not only technical issues
but also curriculum misalignment and the need for better digital literacy among both
students and educators [31], which could be linked to student motivation [32]. Furthermore,
research has identified that many educational programs still treat BIM and sustainability
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as separate subjects, which can prevent students from fully understanding how these two
domains intersect and how BIM can be a tool to enhance sustainability in construction [7,26].
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Figure 1. Annual Distribution of Total vs. Relevant Articles on BIM and Sustainable Design in
Education (2020—early 2025).

To further illustrate the evolving academic interest in BIM within sustainability-
focused education, Figure 2 presents a keyword co-occurrence network generated using
VOSviewer. The dataset was developed by analyzing titles, abstracts, and author key-
words from 1589 documents retrieved from the Web of Science, OpenAlex, and Scopus
databases (2020-2025). Co-occurrence analysis identifies frequently associated terms that
appear together across these publications. The resulting visualization reveals clusters
where “Building” most frequently appears as a central node, reflecting BIM’s association
educa-

” o

with building-centric research terms. It is closely linked to “sustainable design,
tion,” “energy modeling,” and “curriculum.” This indicates that the literature increasingly
connects BIM with sustainability pedagogy and performance-based design. The inclu-

a

7

sion of related terms, such as “LEED,” “simulation tools,” and “project-based learning,’
further demonstrates how the discourse has shifted toward experiential and data-driven
educational strategies. The color gradient reflects temporal evolution, with lighter tones
representing newer research trends such as “digital literacy” and “parametric modeling.”

2.2. Educational Practices and Pedagogies

Integrating BIM with sustainable design education presents both opportunities and
challenges for educators. Several studies have explored pedagogical approaches, partic-
ularly Project-Based Learning (PBL) and case studies, when teaching BIM in sustainable
design contexts [33,34]. For example, Atabay et al. (2020) assessed the outcomes of embed-
ding both BIM and green building concepts within engineering programs, finding notable
gains in students’ analytical and collaborative skills [33]. According to Shen et al. (2012),
PBL encourages students to engage in real-world problem-solving, where they can apply
BIM to develop sustainable building solutions, such as conducting energy modeling and
selecting sustainable materials [23]. Recent research by Lee et al. (2023) and Tijo-Lopez et al.
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(2024) found that incorporating BIM-enabled sustainability capstone projects significantly
improves graduate employability and workplace readiness [22,35]. These methods provide
students with the hands-on experience necessary to understand both the technical aspects
of BIM and the conceptual elements of sustainable design [1,8].
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Figure 2. Keyword Co-Occurrence Network of BIM, Sustainable Design, and Education Literature,
retrieved data from databases using VOS Viewer, 2020 to 2025.

BIM, when integrated with sustainability tools, allows students to engage with sus-
tainable design practices that are directly aligned with the demands of the construction
industry. For example, Autodesk Revit and Green Building Studio are used in educational
settings to teach students how to model a building’s energy efficiency and evaluate various
sustainable features, such as solar orientation and energy consumption [1,8]. Gonzalez
Alfaro et al. (2022) stated the role of common data environments (CDEs) in facilitating
collaborative learning and sharing of sustainability data among students [36]. These tools
help students develop skills in energy performance simulation and environmental impact
assessments, which are essential for working in the modern, environmentally conscious
AEC industry [28].

However, despite the advantages of these teaching methods, developing integrated
curricula that effectively combine BIM and sustainability remains a significant challenge.
Many programs still fragment BIM and sustainability education, with BIM primarily taught
in technical courses and sustainability covered separately in other classes. Recent systematic
reviews from Carvalho et al. (2020) and Kiani Mavi et al. (2021) have reinforced the urgent
need for integrated, interdisciplinary curriculum frameworks [37,38]. The lack of a cohesive
approach to teaching BIM for sustainability is a significant barrier to students’ complete
understanding of the potential synergies between these two domains [1,30]. As a result,
there is a call for developing integrated curricula that combine BIM tools and sustainability



Computers 2025, 14, 463

6 of 30

principles to offer students a holistic education that prepares them to address real-world
sustainability challenges in the construction industry [23,26,39].

2.3. Challenges and Barriers in BIM and Sustainable Design Integration

Although BIM for sustainable design offers considerable potential, several barriers
continue to hinder its widespread adoption, both in the AEC industry and in education, in-
cluding curriculum misalignment, inadequate hands-on opportunities, and a misalignment
between the skills students acquire during their studies and those required by employers in
the construction industry [40]. McCord et al. (2023) especially emphasize that educational
programs must continuously adapt based on industry feedback to remain relevant [41].
Technical challenges, such as software interoperability and the need for cross-platform
integration, remain major obstacles in implementing BIM tools in the context of sustainable
design [1,2]. Cascone (2023) critically reviewed recent digital technologies, emphasizing
the ongoing fragmentation of BIM-based sustainability assessment workflows [42]. Several
BIM software tools used in practice today, such as Autodesk Revit and Green Building
Studio, do not seamlessly integrate with other performance simulation tools, which limits
their effectiveness in optimizing sustainability during the early stages [43,44].

In education, faculty preparedness is another critical challenge. Many faculty members
lack the expertise to teach both BIM tools and sustainability principles, making it difficult
to provide students with a comprehensive understanding of how these areas intersect [1,8].
Obi et al. (2022) showed that upskilling educators in BIM and sustainability competencies
directly improves student outcomes in undergraduate programs [45]. Lack of standardized
curricula and the fragmented nature of BIM and sustainability education further contribute
to the challenge, as students may not receive a coherent education that links these two
critical areas [3].

Additionally, the adoption of BIM for sustainable design within the industry has
remained limited, primarily due to high initial costs, technical barriers, and the absence
of consistent standards and policies [1,46]. As Dalla Valle (2021) noted, despite strong
evidence of BIM's long-term benefits for sustainability, the lack of standardization continues
to hinder widespread integration across projects [46]. These industry-level challenges
extend beyond professional practice and have direct implications for education. Limited
adoption of BIM-based sustainability practices in the field constrains faculty exposure, case
study availability, and access to up-to-date software or workflows in academic programs.
Consequently, students may learn BIM and sustainability concepts in isolation rather than
through integrated, practice-based exercises that mirror real-world applications. This
disconnect reflects a persistent mismatch between what universities teach and what the
construction industry expects of graduates [2,3,10]. Addressing these issues requires
improved coordination between academia and industry to align curricula with current
sustainable construction tools, standards, and practices [24,34]. In doing so, academic
curricula can help close the perception—practice gap identified in this study [21].

Figure 3 illustrates the conceptual relationship between BIM and SD within the ed-
ucational context. BIM serves as a central integrative framework that connects diverse
sustainability domains, such as energy analysis, carbon footprint assessment, natural re-
source management, and lifecycle performance, with collaborative project delivery and
standardized frameworks. By visualizing these interconnections, the diagram highlights
how BIM acts as both a technological and pedagogical bridge, enabling students to under-
stand sustainability not as an isolated topic but as an interconnected process embedded
within the design, construction, and operation of the built environment. This integrative
approach underscores the importance of embedding BIM-based sustainability principles
throughout the curriculum to foster systems thinking and multidisciplinary collaboration.
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Figure 3. The Connection Between BIM and Sustainable Design in Education, adapted from Sharon
(2025) [47].

2.4. Research Gaps

Despite increasing attention to BIM-enabled sustainability education, several criti-
cal research gaps remain. First, prior studies have predominantly examined BIM inte-
gration from either a technical or pedagogical perspective. Still, few have empirically
explored how students perceive their readiness to apply BIM for sustainable design in
real-world contexts [3,5,7]. Second, there is limited comparative research across academic
disciplines, particularly between architecture and construction management, that assesses
perception—practice gaps or curricular disparities [8,10,22]. Third, while many studies
have discussed best practices conceptually, quantitative and mixed-method approaches
that connect student perceptions to curriculum outcomes are scarce [25]. Finally, there
is a lack of frameworks that bridge empirical findings with curriculum design strategies,
linking educational outcomes with industry readiness [19]. By addressing these gaps,
the present study contributes empirical evidence on student perceptions and provides
actionable insights for integrating BIM and sustainability education more effectively within
higher education programs.

3. Methodology
3.1. Research Design

The research design comprised three interrelated components: a systematic literature
search, a snowball reference search, and a cross-sectional student survey. This multimodal
strategy was employed to triangulate evidence, validate findings, and ensure both breadth
and depth in the analysis of BIM and sustainable design integration.

Figure 4 illustrates the research methodology flowchart, presenting a logical and
iterative progression of the study from defining goals to identifying future directions. The
process begins with the formulation of research goals and objectives, which guide the
literature review. This review identifies existing knowledge and highlights research gaps,
which in turn inform the development of research questions and validation. These questions
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shape the research design, which outlines the data collection strategy, comprising surveys,
simulations, and case studies. Collected data undergo validation and reliability checks
to ensure accuracy, supporting the derivation of meaningful results and findings. These
findings yield both scholarly and practical contributions, ultimately suggesting future
research directions. The flowchart emphasizes interdependence between components,
reflecting a quantitative survey-based approach supported by descriptive and thematic
analyses to ensure both theoretical rigor and empirical validation. Each stage of data
collection and analysis was designed to correspond directly with one of the four research
questions, as summarized in Table 1.
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Figure 4. Research Methodology Flowchart.

Table 1. Alignment between Research Objectives, Research Questions, and Survey Items.

Objective Research Question (RQs) Survey Items
O1: Assess students’ current RQ1: How can BIM tools be effectively
understanding of BIM and integrated into early design stages to optimize Q6,Q7,Q11,Q16, Q18

Sustainable design.

sustainability metrics in architectural projects?

02: Identify gaps an

d RQ2: What role does BIM play in facilitating

misconceptions in applying BIM to  interdisciplinary collaboration among architects, Q14, Q17, Q19, Q20, Q21

sustainability. engineers, and sustainability experts?
0O3: Evaluate the effectiveness of RQ3: How can a standardized curriculum that
existing teaching methods and integrates BIM with sustainable design Q9, Q10, Q22
curricula to inform future principles improve students’ ability to apply ! !
improvements. these concepts in real-world projects?
O4: Explore the alignment between RQ4: What are the barriers and challenges in
students’ theoretical knowledge and translating BIM knowledge into practical, Q13, Q21
practical abilities in using BIM for sustainable design applications in the !

sustainable design.

construction industry?

Note: Table clarifies how each RQ is derived from the objectives and supported by corresponding survey questions
(Appendix A).

3.2. Systematic Literature Search and Data Collection

A systematic literature search was first conducted using three major research databases,
Web of Science (WoS), OpenAlex, and Scopus. The search query included “Building Infor-
mation Modeling” or “BIM” and “Sustainable Design” or “Sustainability in Construction,”
combined with terms such as “Student Perception,” “Student Learning Outcome,” “Edu-
cation,” and “Curriculum Development.” Inclusion criteria focused on English-language
articles published since 2020; wire feeds, blogs, and non-peer-reviewed sources were
excluded to ensure scholarly relevance.

— Total Articles Found: 1589 (WoS, OpenAlex, Scopus combined).
— Relevant Titles & Abstracts: 523 (31 from WoS, 488 from OpenAlex, four from Scopus).
—  Shortlisted Top 20: 44 articles (across all databases).
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— Full Review Selection: 28 articles (13 OpenAlex, 15 Scopus) were retained for in-
depth analysis based on direct relevance to research questions on BIM and sustainable
design education.

To complement the database search, a snowball reference search was conducted,
examining the reference lists of shortlisted articles to identify further relevant studies not
captured in the initial queries. This strategy yielded 20 additional articles, resulting in a final
pool of 48 for comprehensive review. Notably, foundational works predating the primary
search window (pre-2020) were also included when they provided significant theoretical
context or influenced current BIM and sustainable design pedagogy. This approach ensured
historical continuity and theoretical depth in the literature review search.

The selection of pertinent literature was guided by its direct relevance to the objectives
of this study. Only papers strongly aligned with the research focus were included. Screening
was conducted by two authors, one serving as the primary reviewer and the other provid-
ing secondary support. For most publications, inclusion decisions were straightforward;
however, for studies where eligibility was uncertain, both authors jointly evaluated quality,
publication date, and thematic relevance to minimize potential bias. Studies identified as
having a high risk of bias were excluded. After screening, 48 articles met the inclusion cri-
teria and were retained for comprehensive analysis; however, to maintain logical coherence
and conciseness, only the most pertinent works are presented in this paper.

3.3. Survey Design and Implementation

The empirical component of this study employed a cross-sectional, quantitative survey
to collect data on students’ perceptions, experiences, and preparedness regarding the
integration of BIM and SD in higher-education curricula. The survey was designed to
capture current trends in student understanding and to identify perceived barriers to
applying BIM for sustainability in practice.

The survey instrument was informed by insights from the systematic literature search
(SLS) summarized in Section 2. It was developed through iterative review by three faculty
experts in BIM and sustainable construction education. A pilot test with five students was
conducted to verify clarity and content validity, after which minor wording adjustments
were made.

3.3.1. Sampling Strategy and Population

The study adopted a non-probability, purposive sampling strategy targeting students
enrolled in architecture- and construction-related programs. This approach was selected
to ensure that respondents possessed at least basic exposure to BIM concepts or sustain-
ability coursework, consistent with the research objectives. The survey was distributed
electronically via Qualtrics between 12 April 2024, and 20 April 2025, to two depart-
ments (architecture and construction management) at a university in the Southeastern
United States.

A total of 295 invitations were sent to eligible students. Of the 295 students invited,
284 responded and agreed to participate. After screening for completeness and consistency,
213 valid responses were retained for analysis, representing an effective response rate of
72 percent. This sample size is considered adequate for descriptive statistical analysis and
thematic interpretation in exploratory education studies.

3.3.2. Ethical Considerations

Before deployment, the study protocol received approval from each institution’s
Institutional Review Board (IRB). Participation was voluntary and anonymous; respondents
provided informed consent before accessing the questionnaire. No identifying information
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was collected, and data were stored on password-protected university servers in accordance
with institutional data-privacy policies.

3.3.3. Data Validation

Responses were checked for completeness and logical consistency. Cases with contra-
dictory or incomplete answers were excluded. Internal reliability of key Likert-scale items
was confirmed through Cronbach’s alpha > 0.8, indicating satisfactory internal consistency
among perception-related variables.

3.3.4. Section Transition

The detailed composition of the survey instrument, including question categories,
scaling structure, and alignment with the research questions, is presented in Section 4.3
(Survey Instrument and Structure).

4. Data Analysis
4.1. Data Analysis Approach

Both quantitative and qualitative analysis techniques were employed. Descriptive
statistics (means, frequency distributions, and percentages of agreement/disagreement)
were calculated for all Likert-scale items to gauge overall trends in student perceptions.
These statistics helped answer the research questions by revealing, for instance, the propor-
tion of students who believe BIM is helpful for specific sustainable design tasks (RQ1) or
the percentage who feel well-prepared by their curriculum (RQ3). Where relevant, compar-
isons were made between subgroups, such as responses from Construction Management
students versus Civil Engineering students, to determine if any significant differences
emerged based on academic background.

Qualitative data from open-ended questions were thematically analyzed. Common
themes that emerged included calls for more hands-on practice, desires for interdisciplinary
project opportunities, and observations about software challenges. These qualitative in-
sights provided context to the quantitative results, illustrating why students felt a certain
way. For instance, if a student disagreed that their curriculum was adequate, their open-
ended comment might mention “we only had one class project using BIM for energy
analysis, which was not enough to feel proficient.” Such comments were categorized under
themes like “Limited coursework exposure,” a barrier that complements the quantitative
finding of low confidence.

To analyze the open-ended responses, a three-phase thematic analysis was conducted
following the procedures recommended by Braun and Clarke (2006) [48]. In the first phase,
all responses were imported into NVivo 14 and reviewed line-by-line to generate initial
codes that captured recurring ideas (e.g., hands-on practice, interdisciplinary collabora-
tion, software limitations). In the second phase, codes with conceptual similarity were
grouped into categories that reflected broader patterns of meaning, such as “curricular
barriers” or “learning preferences.” In the final phase, these categories were refined into
overarching themes aligned with the four research questions (RQ1-RQ4). Two researchers
independently coded a random subset of responses to verify consistency, and discrepancies
were resolved through discussion. This systematic process enhanced the credibility and
transparency of the qualitative findings.

The results were then organized according to the four research questions, addressing
each one directly. In the following section, the survey findings are presented alongside
a discussion and interpretation, including comparisons with the existing literature. This
integrated presentation helps highlight where students’ perceptions align with established
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educational outcomes and where notable gaps or contradictions exist, thereby fulfilling the
study’s aim of confronting perceptions with practice.

4.2. Demographic Background of Participants

A total of 213 valid responses were analyzed, representing students from two ac-
credited universities in the Southeastern United States. The sample was predominantly
undergraduates (approximately 96% were pursuing a bachelor’s degree) with a small
number of graduate students (4%). In terms of discipline, the majority (about 93%) were
Construction Management majors, reflecting the large enrollment of that program in the
sample. Roughly 6% were Architecture students, and the remaining responses came from
other disciplines such as Civil Engineering (1%). The sample’s demographic composi-
tion was 87% male and 13% female. It included a diverse range of backgrounds, with
approximately 65% of respondents identifying as Caucasian, 10% as African American,
13% as Hispanic, and the remainder reporting as multi-racial or in other categories. A
significant portion of participants (approximately 75%) had some prior work experience in
the construction industry, although it was typically limited, with most having 1-4 years
of experience (approximately 13% having 5-10 years). For most respondents, this “expe-
rience” refers primarily to internships, cooperative education placements, and academic
capstone projects rather than full-time professional employment. These opportunities
allowed students to gain exposure to real construction workflows, project documentation,
and limited BIM applications under supervision. This early experiential learning helps con-
textualize their classroom knowledge but does not yet equate to industry-level proficiency.
Figure 5 illustrates the proportion of students across degree levels, disciplines, and prior
experience categories.
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Figure 5. Distribution of participants” socio-demographic background (n = 213). The X-axis catego-
rizes respondents by gender, age group, focal area of study, and current academic year, while the
Y-axis represents the number of respondents in each category, Q1, Q2, Q4, and Q5.
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4.3. Survey Instrument and Structure

The survey instrument was designed to align directly with the four research objectives
and corresponding research questions outlined in Section 1. Its purpose was to evaluate
students’” knowledge, perceptions, and perceived preparedness in applying BIM for SD
within their academic programs.

4.3.1. Structure and Content

The questionnaire consisted of 25 items divided into five thematic parts, each mapped
to specific research questions (RQ1-RQ4):

— Part I-Demographic Information: Collected participants’ program of study, year level,
gender, age group, and prior industry or academic project experience. These variables
provided context for interpreting patterns in perception and preparedness.

— Part II-Knowledge and Familiarity with BIM Tools (RQ1): Assessed students’ prior
exposure to BIM software (e.g., Revit, Navisworks, ArchiCAD) and understanding of
BIM'’s potential for improving sustainability outcomes.

—  Part IlI-Perceptions of BIM's Role in Sustainability (RQ2 & RQ3): Examined students’
views on how BIM supports sustainability, such as energy modeling, material opti-
mization, and interdisciplinary collaboration, and the extent to which their curriculum
fosters these competencies.

—  Part IV-Barriers, Challenges, and Learning Preferences (RQ4): Identified perceived
obstacles to using BIM for sustainability (e.g., limited access, lack of training, insuffi-
cient hands-on experience) and preferred instructional strategies (e.g., project-based
learning, case studies, guest lectures).

—  Part V-Future Perceptions: Captured students’ expectations about BIM’s role in achiev-
ing future sustainability goals and invited open-ended reflections on potential curricu-
lum improvements.

— In total, the instrument included 25 questions, 21 closed-ended (Likert-scale, multiple-
choice, or ranking) and four open-ended items designed to elicit qualitative insights.
The open-ended items encouraged participants to elaborate on challenges, preferences,
and experiences that could not be captured through scaled responses.

4.3.2. Response Formats

The questionnaire employed a five-point Likert scale (1 = Strongly Disagree;
2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree) for all attitude and percep-
tion items. This format was used consistently across all attitudinal questions to ensure
comparability and interpretive reliability. It was selected for its ease of use, balance between
discrimination and response fatigue, and consistency with prior perception-based research
in construction and sustainability education. Responses were analyzed using descriptive
statistics (mean, frequency distribution) to identify trends across the four research questions.
In addition, multiple-choice and ranking questions were included to capture preferences
and perceived barriers. Four open-ended questions provided qualitative feedback, allowing
respondents to elaborate on their views regarding curriculum integration and practical
challenges. These qualitative responses were thematically analyzed using NVivo 14, as
described in Section 4.1.

4.3.3. Instrument Validation and Reliability

To ensure content validity, the questionnaire goes through expert review by two faculty
members specializing in BIM and sustainability education. Pilot testing with five students
confirmed the clarity of question wording, logical sequencing, and appropriate survey
length. Minor revisions were made to improve flow and remove ambiguity.
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Reliability testing of perception-related items yielded a Cronbach’s alpha = 0.80,
indicating strong internal consistency among the Likert-scale constructs. According to
Nunnally and Bernstein (1994), reliability coefficients above 0.70 are considered acceptable
for social science research, while values above 0.80 indicate good reliability [49]. This
result, therefore, confirms that the survey instrument achieved satisfactory reliability
for perception-based educational research. The final instrument balanced brevity with
comprehensiveness, allowing completion in approximately 10 min while maintaining
measurement accuracy across both quantitative and qualitative components.

4.3.4. Link to Research Framework

Each survey section was mapped to the study’s objectives and research questions as
summarized earlier in Table 1 (Alignment between Research Objectives, Research Questions,
and Survey Items). The complete questionnaire, including all item wording and sequencing,
is provided in Appendix A to ensure transparency and reproducibility.

4.4. Data Validation and Verification

To ensure content validity, the survey was reviewed by two faculty members knowl-
edgeable in BIM and sustainable construction, and their feedback was used to refine
question wording. A small pilot test was then conducted with a group of 5 students, whose
responses and comments helped to clarify questions further and adjust the length of the
survey. Data validation and reliability checks were built into the methodology. The final
questionnaire included attention-check items, and the collected data underwent screening
for consistency of responses. For example, inconsistent responses (e.g., a student indicating
both very high and very low self-assessed BIM skill in different sections) were flagged and
reviewed. In this dataset, only a few responses had to be removed due to inconsistency,
indicating good attention from the participants. The internal consistency of key Likert scale
items was evaluated using Cronbach’s alpha, and the survey achieved an alpha value above
0.8 for the set of items related to perceptions of BIM's role in sustainability, suggesting that
these items reliably captured a single underlying construct (students’ perceived value of
BIM for sustainable design). The structured nature of the survey and these checks helped
improve the reliability of the findings.

5. Results & Discussion
5.1. Results
5.1.1. Integrating BIM in Early Design for Sustainability Optimization (RQ1)

The relevant survey responses assess students” agreement on whether BIM can aid
various aspects of sustainable design. The aspects include building orientation, massing,
daylighting analysis, water harvesting, sustainable materials, sustainable equipment, and
site and logistics management.

The survey results indicate that a large majority of students recognize the value of
BIM in supporting sustainable design strategies. Across eight sustainable features, ranging
from building orientation to energy modeling, more than 75% of respondents consistently
agreed or strongly agreed that BIM aids in each area. The strongest consensus was observed
in features like water harvesting, sustainable materials, and daylighting analysis, which
received the highest percentages of “Strongly Agree” responses. Meanwhile, features such
as building orientation and sustainable equipment also garnered high levels of agreement
with minimal disagreement, indicating a broad appreciation for BIM’s role in spatial and
systems coordination. While 5% to 14% of respondents were neutral or disagreed, the
majority viewed BIM as a valuable tool for enhancing energy efficiency, environmental
performance, and design integration in sustainable construction.
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Figure 6 summarizes students’ perceptions of BIM’s contribution to sustainable design
features such as energy efficiency, material selection, and environmental performance
analysis that address RQ1.

Energy modeling e
Site and logistics management e
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Sustainable equiprment
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Sustainable materials N ——
Water harvesting
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Building massing
Building orientation || —
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Figure 6. Student Perceptions of BIM’s Contribution to Sustainable Design Features. Distribution
of student perceptions of BIM’s contribution to sustainable design features (Q11). The Y-axis lists
individual sustainability aspects (e.g., building orientation), and the X-axis shows the percentage of
respondents selecting each Likert-scale category (1 = Strongly Disagree to 5 = Strongly Agree).

5.1.2. BIM’s Role in Enhancing Interdisciplinary Collaboration (RQ2)

To answer the research question, this study investigated a combination of survey
responses that highlight students’ experiences with interdisciplinary and collaborative
learning. The results indicate that students value teamwork, group projects, and exposure
to industry professionals as key elements supporting cross-disciplinary engagement. Re-
flections on applying theory to practice, along with the identification of challenges such as
limited curriculum integration and industry exposure, further illustrate both the strengths
and remaining gaps in fostering collaborative learning through BIM and sustainable design
education (Figure 7).
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Figure 7. Student-Perceived Benefits of Learning BIM in Sustainable Design Education (Q14). The
Y-axis represents different instructional methods, and the X-axis shows the number of respondents
selecting each strategy.
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The survey results on the “Benefit of understanding BIM with Sustainable Design
in your program” reveal key insights into how students perceive the value of integrating
these two concepts into their academic experience.

The most frequently selected benefit was “Improved technical skills” with 116 men-
tions, indicating that students strongly associate BIM with gaining core competencies in dig-
ital tools and modeling processes essential for modern sustainable design. Closely following
are “Analyzed methods, materials, and equipment to construct projects” (113 mentions)
and “Enhanced abilities to work” (111 mentions), both of which reflect the perceived im-
provement in applied knowledge and interdisciplinary collaboration, a crucial outcome
for PBL in construction and design. Additionally, “Gained an excellent level of experience
in applying this concept” (78 responses) and “Knowledge of factors affecting building
energy consumption” (60 responses) show that a considerable number of students feel they
have been equipped not only with practical application opportunities but also with an
understanding of energy-related sustainability metrics.

As a result, these findings suggest that students perceive substantial value in learn-
ing BIM within the context of sustainability, particularly for developing technical skills,
analyzing materials, and gaining collaborative work experience. This supports the case
for strengthening hands-on, project-oriented BIM + sustainability modules within the
curriculum to better align academic outcomes with industry expectations.

Figure 8 presents the results from the survey question “Which of the following learning
strategies are helping to understand BIM in sustainable design?” These results offer valuable
insights into the types of instructional methods students find most effective for developing
their understanding of BIM within a sustainability context.

Guest lectures by industry professionals _ 51

Group projects and collaboration 75

Case studies and real-world examples _ 78

Lectures and presentations 79

Hands-on software training 138
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Figure 8. Student-Preferred Learning Strategies for Understanding BIM in Sustainable Design (Q10).
The Y-axis lists the instructional strategies, and the X-axis shows the number of respondents selecting
each option.

The most frequently cited strategy was “Hands-on software training”, selected by
138 students, clearly underscoring the importance of experiential, skill-based learning
in mastering BIM tools. This reflects students’ strong preference for active engagement
with digital platforms over passive instruction, aligning with industry expectations for
technical proficiency.

Following that, “Lectures and presentations” (79 responses), “Case studies and real-
world examples” (78 responses), and “Group projects and collaboration” (75 responses)
received nearly equal recognition. These results highlight students” appreciation for a
well-rounded educational approach that combines theoretical foundations with exposure
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to practical applications and opportunities for teamwork. The inclusion of “Guest lec-
tures by industry professionals” (51 responses) also indicates that students value learning
from real-world practitioners who can bridge the gap between academic concepts and
professional practice.

Accordingly, the data suggests that students favor active, applied, and collaborative
learning experiences to enhance their understanding of BIM and sustainable design. These
insights highlight a pressing need for academic programs to prioritize hands-on software
training, integrate real-world case studies, foster interdisciplinary collaboration, and engage
industry professionals to enhance their educational experience.

The results from the survey question, “Does your theoretical knowledge of BIM and
sustainable design align with your practical ability to apply these concepts in real-world
construction projects?” highlight a noticeable gap between academic learning and practical
application among students (Figure 9).
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Figure 9. Student Perceptions of Alignment Between Theoretical Knowledge and Practical Applica-
tion of BIM in Sustainable Design (Q19). The X-axis presents the alignment categories, and the Y-axis
indicates the number of respondents selecting each option.

Most responses fell within the “Moderately aligned” (90 students) and “Slightly
aligned” (43 students) categories, which together represent over 60% of the total respon-
dents. This indicates that while students gain foundational knowledge in BIM and sustain-
able design, many feel only partially confident in applying that knowledge in practical,
real-world scenarios.

Only eight students reported that their theoretical and practical skills are “Completely
aligned,” while 36 selected “Very aligned,” reflecting that a smaller proportion of students
feel well-prepared to integrate these concepts into practice. Conversely, 28 students felt
“Not at all aligned,” which suggests that a significant minority of learners experience a
complete disconnect between what is taught and what is practically usable.

These findings underscore the need for curricula that better bridge the gap between
theory and application, particularly by increasing exposure to hands-on BIM training, real-
world project simulations, and interdisciplinary collaboration. Such enhancements would
not only improve student preparedness but also foster greater confidence and competence
in leveraging BIM for sustainable design in professional contexts.

The analysis of responses to the survey question, “Can you provide an example of
a real or simulated project where you successfully applied BIM for sustainable design
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principles?” reveals a range of student experiences and preparedness levels regarding the
integration of BIM with sustainable design practices. A portion of the students demon-
strated the direct application of BIM in real or simulated projects, citing specific examples
such as using BIM to coordinate LEED-based design, create Heating, Ventilation, and Air
Conditioning (HVAC) systems, or integrate solar panels and rainwater harvesting systems.
These responses indicate that some students are successfully bridging theory and practice
by applying digital modeling tools to achieve tangible sustainability outcomes. This group
demonstrates growing competence in utilizing BIM to address complex environmental
and energy-related considerations within design workflows. However, a considerable
number of students responded with “no”, suggesting they have not had the opportunity or
confidence to engage in such applications. This highlights a potential gap in hands-on or
PBL within current curricula, where exposure to real-world interdisciplinary simulations is
limited. Therefore, as the presence of meaningful project examples demonstrates positive
curriculum outcomes for some, the overall variation in response quality highlights a need
for stronger experiential learning, structured reflection, and real-world simulation in BIM
and sustainable design education. Such improvements would ensure more students can
confidently describe how they have applied these concepts in practice.

5.1.3. Curriculum Integration of BIM and Sustainable Design for Applied Learning (RQ3)

Figure 10 presents student responses to the question: “Which are the most important
resources for an understanding of BIM and sustainable design?” and provides valuable
insights into perceived educational impact.
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Figure 10. Most Valued Learning Resources for Understanding BIM and Sustainable Design Accord-
ing to Students (Q10). The Y-axis lists the resource categories, and the X-axis shows the number of
respondents selecting each option.

The most cited resource, by far, is industry work experience, with 140 mentions,
accounting for most student preferences. This suggests that real-world, hands-on exposure
is seen as the most effective way to understand and apply BIM and sustainability concepts.
Following this, 81 students selected coursework, indicating that while academic instruction
is essential, it may not be sufficient on its own without practical application.

Guest lectures and industry conversations (60 mentions) also ranked high, reinforcing
the value students place on direct interaction with professionals. Personal research and
exploration (51 mentions) also played a notable role, showing that motivated learners
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seek out their learning opportunities. Meanwhile, online media and peer discussions
were less frequently selected (24 mentions each), showing limited reliance on informal or
alternative sources.

These results highlight a clear message: while formal education is foundational,
students place the most outstanding value on experiential learning through industry
exposure and real-world interaction. To improve curriculum effectiveness, programs
should focus more on integrating internships, practitioner engagement, and the application
of PBL into BIM and sustainability education.

The survey results for the question “To what extent do you feel your coursework has
prepared you to apply BIM concepts to real-world sustainable design projects?” reveal a
nuanced but critical insight into current educational effectiveness.

According to Figure 11, most students (145 out of 213 responses, or approx. 68%) rated
themselves as only moderately or slightly prepared, indicating that while some founda-
tional understanding exists, it may not be sufficient for confident real-world application.
Only 34 students (16%) felt very prepared, and a mere seven students (3%) reported being
extremely prepared, highlighting a significant gap in deep, practice-ready competence.
Meanwhile, 27 students (13%) reported being completely unprepared, suggesting that some
students may be completing their coursework without gaining meaningful exposure to
BIM in sustainable design contexts.
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Very prepared | EEEEENENNN 34
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Figure 11. Student Perceptions of Coursework Preparedness in Applying BIM to Sustainable Design
Projects (QQ9). The Y-axis lists the preparedness levels, and the X-axis indicates the number of
respondents selecting each option.

Table 2 shows the qualitative themes derived from open-ended responses to survey
items (Q22), which invited students to reflect on their experiences, challenges, and sugges-
tions for improving BIM and Sustainable Design education. Responses were coded using
NVivo 14 following a three-phase thematic analysis (initial, axial, and selective coding)
as outlined in Section 4.1. The resulting themes represent recurring patterns in students’
written reflections rather than numerical frequency counts. Interestingly, the open-ended
responses to Q22 revealed five dominant themes that reflect students” distinct perspectives
and expectations about the future of BIM in sustainable design. A majority expressed
confidence in the growth and widespread adoption of BIM, noting that “more software and
applications are being applied for sustainable design” and that its use will “only increase”
in the future (“more software and applications...”; “will only increase”). In addition,
students frequently emphasized BIM's essential role in achieving sustainability objectives,
describing it as a “must to keep in front of all the tools for sustainable design” and as
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a “necessary component” for greener practices (“I think it is a must...”; “necessary for
sustainability”). However, the data also revealed a thread of skepticism or uncertainty,

” o

with several respondents simply stating, “not sure,” “no,” or expressing unclear sentiments

about BIM's relevance (“unsure,” “no,” “not sure”). Meanwhile, other students pointed to
more specialized uses, recognizing BIM’s potential in energy modeling and performance
optimization (“energy savings analysis”) and anticipating continued technological advance-
ments through new software and applications that support sustainability workflows (“more
software and applications are applying. ..”). The outcomes underscore the importance of
enhancing BIM education through experiential learning and integrated curriculum design,
which not only reinforces theoretical knowledge but also cultivates real-world competency
in sustainable design practices.

Table 2. Emergent qualitative themes from open-ended survey responses (Q22) on students’ experi-
ences and recommendations for integrating BIM and Sustainable Design in education.

No. Description Sample Keywords/Phrases Frequency
BIM use will increase in future increase, grow, more, progress,

1 L ) 30

SD applications expanding
BIM will be essential for sustainable, essential,
2 o . 26
sustainability goals necessary, must, important
3 BIM aids energy modeling and  energy, performance, efficiency, 3
performance tracking savings

Emergence of new tools and software, applications, tools, 3
applications for BIM-SD technology

5 Skeptical or unsure about no, not, unsure, do not know 18

BIM-SD trends

Note: Table 2 uses the results of the open-ended survey question to highlight key themes in students’ views on the
future of BIM in sustainable design.

Accordingly, these results indicate a need to enhance and standardize BIM and sus-
tainability curricula, particularly by integrating more hands-on projects, real-world applica-
tions, and interdisciplinary collaboration. Doing so would not only bridge the gap between
theory and practice but also better align student preparedness with industry expectations
for sustainable, technology-driven design solutions.

5.1.4. Barriers to Applying BIM in Sustainable Design Practice (RQ4)

The research question concerns the barriers and challenges students face in translating
their BIM knowledge into practical, sustainable design applications in the industry. The
survey addressed this via a multiple-choice question asking respondents to select all
applicable barriers from a list (and an “Other” option for additional input). Table 3 provides
descriptive statistics for each barrier. Again, each barrier is treated as a binary variable
(1 = selected as a challenge, 0 = not selected). Hence, the “Mean” represents the proportion
of students who identified that barrier, and “Sum” is the count of students (out of 213) who
selected it.

The most prevalent barrier is a lack of hands-on experience: 128 students (60% of the
sample) reported this as an obstacle to applying BIM for sustainable design. This finding
resonates strongly with RQ3’s results (where few felt they had sufficient practical training).
The next most common hurdles are limited access to BIM software (selected by 74 students,
approx. 35%) and insufficient industry exposure to real projects (69 students, approx. 32%).
These findings suggest that many students have not had ample opportunities or resources
to practice BIM in realistic settings. This is due to limited software availability and a
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lack of internships and industry linkages, which hinders their ability to apply BIM skills
in practice.

Table 3. Barriers Preventing Effective Use of BIM in Sustainable Design.

No. N Min Max Mean Std Variance  Sum

Lack of hands-on experience 213 0 1 0.6009 0.4897  0.2398 128
Limited access to BIM software 213 0 1 0.3474 0.4761 0.2267 74
Insufficient industry exposure 213 0 1 0.3239 0.4680 0.2190 69
Limited Integration of BIM in Curriculum 213 0 1 0.2535 0.4350 0.1892 54
Time constraints (e.g., project time/schedule) 213 0 1 0.2347 04238  0.1796 50
Inadequate training resources (instr./guidance) 213 0 1 0.1690  0.3748  0.1404 36
Complexity of sustainable design principles 213 0 1 0.1549 0.3618 0.1309 33
without 213 0 1 0.1268 03327  0.1107 27

Technological infrastructure limitations 213 0 1 0.1033 0.3043 0.0926 22
Others 213 0 1 0.0376  0.1901 0.0361 8

Note: Number of responses (N), minimum and maximum observed ratings, mean, standard deviation (Std),
variance, and “Sum” = number of respondents who selected the barrier (multiple selections were allowed, so
totals sum to more than 213).

About a quarter of respondents (approx. 25%) indicated “limited integration of BIM in
the curriculum” as a challenge, which aligns with the notion that their coursework may not
have entirely woven BIM with sustainability (as evidenced by moderate preparedness rat-
ings). A similar proportion (23.5%) cited time constraints (likely to refer to the limited time
available within courses or projects to delve into BIM for sustainability) as a limiting factor.

Factors such as inadequate training resources or guidance (17%) and the complexity of
sustainable design principles themselves (15%) were less frequently chosen, suggesting that
while these issues exist for some, they are not the primary roadblocks for most students.
Lack of feedback and assessment in BIM tasks (selected by only 13%) and technological
infrastructure limitations (10%) were the least commonly reported predefined barriers. Very
few students (only eight individuals, approx. 4%) wrote in an “Other” barrier beyond the
provided categories, implying the list captured the most common issues. The open-ended
comments for “Others” varied but did not reveal any single prominent additional barrier.

Concurrently, the descriptive statistics for RQ4 indicate that the key challenges are
both experiential and institutional: students feel they lack sufficient hands-on practice
and real-world exposure, and many note shortcomings in resources or the integration of
curriculum. These barriers highlight why, even with generally positive attitudes about
BIM'’s potential (RQ1), students are not fully confident in practice (RQ3); they have not had
sufficient practical immersion. Notably, these trends were consistent across different student
subgroups; for example, “lack of hands-on experience” was the top barrier regardless of
whether the student was in a significant year. Addressing these issues (e.g., by providing
more lab work, software access, industry partnerships, and integrating BIM throughout the
curriculum) would likely enhance students’ ability to apply BIM for sustainable design in
the construction industry.

5.2. Discussion of Findings
5.2.1. Interpreting Knowledge and Confidence Gaps in Early-Stage BIM for Sustainability

The student perceptions correspond well with the literature on BIM's application in
early design for sustainability. Prior research confirms that many sustainability outcomes
(energy use, thermal comfort, daylight availability) are primarily decided by early design
choices. BIM enables architects and engineers to evaluate these choices quantitatively
during conceptual design by linking the 3D model with analysis tools. For example,
Abdelhameed (2017) demonstrated an approach where a BIM model was used in initial
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design phases to analyze site layout, building orientation, and form for energy efficiency
before finalizing details [2]. By iteratively testing alternatives in BIM (e.g., rotating a
building mass to improve solar gain, or comparing different massing options), designers
can make informed decisions that significantly improve sustainability metrics early on.
Findings related to RQ1 indicate that students understand BIM's sustainability potential but
lack early-design application experience. The fact that students overwhelmingly recognize
BIM’s value in these tasks is encouraging; it implies that current curricula or their own
experiences (perhaps through internships or self-learning) have conveyed BIM'’s early-
stage capabilities. Many respondents, for instance, cited BIM’s ability to conduct energy
modeling and daylight simulations as a reason for their agreement (based on open-ended
feedback), showing an understanding that these integrations can optimize a building’s
performance from the ground up.

However, recognizing a tool’s value is not the same as being able to use it effectively.
One concern is whether students have had sufficient hands-on practice with early-stage
BIM sustainability analyses. Some students noted that while they learned about tools like
Autodesk Insight (for energy modeling) in theory, they never used them in a project setting.
This highlights a potential gap between knowing and doing; students might conceptually
appreciate BIM's role early in design but may not be adept at executing such analyses
themselves. Educational strategies should therefore focus on embedding more practical
exercises in early design stages. For instance, instructors could incorporate a preliminary
design assignment that requires students to use BIM to compare the energy implications of
two massing options for the same project. This would reinforce classroom teaching with
experiential learning, helping to solidify the integration of BIM tools in the early design
phase. Studies have shown that when students engage in simulation-based exercises, their
understanding of sustainable design principles improves, and they become more proficient
in using BIM to make informed design trade-offs. Our findings suggest that students are
ready and eager for this kind of applied learning; they want to use BIM early and see the
benefits, so the onus is on curricula to provide those opportunities. Embedding “what-if”
sustainability analyses in BIM environments may help narrow the gap between perception
and practice. for RQ1. Therefore, BIM can be effectively integrated into early design
education by providing students with guided, hands-on experiences in using BIM-based
analysis tools to inform design decisions, thereby translating their positive perceptions into
practical skills.

5.2.2. BIM as a Collaborative Learning Platform with Curriculum and
Pedagogical Implications

These findings align with the well-documented collaborative nature of BIM. In profes-
sional practice, BIM serves as a centralized platform where architects, engineers, contractors,
and consultants can contribute and extract information from a single, integrated model.
This shared digital environment breaks down traditional silos by enabling real-time coordi-
nation: architects can view structural or mechanical components in the model, engineers can
visualize architectural design intents, and sustainability experts can integrate performance
data, all in one place. As a result, BIM projects often experience improved communication
and fewer misunderstandings among disciplines. These facts support the students’ percep-
tion that BIM facilitates interdisciplinary collaboration. Even if they have not personally
worked together with, for example, an architect and an energy modeler, they have learned
that BIM provides a “common language” (in 3D and data) for such collaboration.

In the educational context, however, providing actual interdisciplinary BIM experi-
ences can be challenging. Architecture and engineering programs are frequently separate,
with distinct courses and project work. Some pioneering educational efforts have attempted
to create joint classes or projects, for example, pairing architecture students with construc-
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tion management students to design and construct a virtual building. Luo and Wu'’s
integrated PBL study is one such example, where students from two different classes,
for instance, one focused on design, one on engineering, collaborated on a sustainable
building project using BIM [30]. They found that this approach not only improved students’
BIM skills but also cultivated stronger teamwork and communication across disciplines,
essentially training students in the kind of interdisciplinary collaboration that the industry
now expects. Our study’s results show that students value this aspect of BIM; even without
many formal opportunities, they intuitively or experientially understand that a BIM-centric
workflow is more collaborative. Some students wrote that they “wished we did more group
projects with mixed majors to simulate real BIM collaboration,” highlighting a desire for
interdisciplinary learning opportunities.

To leverage BIM'’s collaborative potential in academia, curriculum developers should
consider creating multidisciplinary project experiences that incorporate BIM. This could
involve interdepartmental courses where architecture, construction management, and
engineering students collaborate on a common project, each utilizing BIM to contribute
their respective components (design, cost estimation, energy analysis, etc.). If organizing
a joint course is not feasible, another strategy is to utilize BIM collaboration software
(such as Autodesk BIM 360 or Revit’s work-sharing feature) within a single class and
assign students different roles on a project team. Even if all students are from the same
program, assigning roles (e.g., “you are the sustainability consultant, you are the structural
engineer”) and having them coordinate in BIM can effectively mimic the interdisciplinary
process. The literature suggests that such collaborative assignments not only build technical
skills but also “soft” skills, such as communication and teamwork, which are critical
for achieving sustainable design outcomes that require input from various experts. By
practicing collaboration via BIM in school, students can better transition to industry teams
where BIM is the cornerstone of project coordination.

5.2.3. Integrating BIM and Sustainability Through Curriculum Design and
Pedagogical Strategies

The notion of a “standardized curriculum” integrating BIM and sustainable design
is supported by numerous calls in academic literature to break down curricular silos.
Lee et al. (2019) proposed a systematic course development for BIM in construction
engineering education to ensure students build competencies in a structured way [39].
While their focus was generally on BIM, later educators have extended this systematic
thinking to include sustainability. The authors of this study document the development of
an integrated curriculum for construction engineering where each year’s courses link BIM
and sustainability concepts, from basic principles to advanced project-based applications.
The benefit of a standardized or well-planned sequence is that students continually reinforce
and deepen their skills. Our findings, which reveal uncertainty in preparedness when
BIM and sustainability are taught separately, align with the caution of these researchers:
unconnected courses leave students to make the connections on their own, which many will
not do effectively. Conversely, when the curriculum is intentionally designed to integrate
these topics, students experience repeated, contextualized practice of BIM in sustainable
design scenarios, leading to greater competence. This was evidenced by the students who
took the integrated elective; their higher confidence aligns with what Kim (2014) observed:
students who underwent the Green-BIM integrated teaching showed improved learning
outcomes and felt more capable in sustainability tasks [28].

A standardized integrated curriculum could take many forms, but specific strategies
are commonly recommended. One strategy is to introduce sustainability problems in BIM
classes and vice versa. For example, when teaching BIM, assignments include tasks that
require students to model a building and then perform an energy analysis on it, rather
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than just modeling for visualization purposes. When teaching sustainable design concepts,
students are required to implement a solution in a BIM model, rather than just writing
about it. This approach aligns with experiential learning theory, suggesting that application
solidifies understanding. Recent research has shown that such practical integration leads
to improved student competencies. Atabay et al. (2020) found that when students used
BIM to conduct sustainability analyses as part of their coursework, their test scores on
sustainability concepts improved compared to a control group that learned sustainability
concepts without the use of BIM [33]. This improvement was attributed to the concrete
experience provided by the BIM exercise. Our survey results support this: those who
had an integrated learning experience (even one elective) felt more able to apply concepts,
implying better learning outcomes.

Another aspect of standardizing the curriculum is ensuring consistency, rather than
leaving integration to chance, which may occur with a particular instructor or elective.
Currently, as some students lamented, if you have a specific professor who likes BIM,
you get that exposure; otherwise, you might not. This patchwork can be remedied by
program-level curriculum design. Academic departments could develop a curriculum map
that identifies where and how BIM and sustainability learning outcomes intersect, ensuring
that each student encounters these intersections multiple times throughout their education.
Some universities have begun formulating such interdisciplinary curriculum guidelines,
sometimes supported by accreditation bodies or industry advisory boards, stressing the
importance of BIM and sustainability competencies [21].

The improvement in students’ ability when taught under an integrated curriculum is
ultimately evident in their project work and the confidence they demonstrate in tackling
real-world projects. In our study, the group of students with integrated course experience
could point to concrete projects in their portfolio (e.g., “I modeled a net-zero energy
library in Revit and analyzed its performance”) as evidence of their ability, which will
undoubtedly help them in job interviews and the workplace throughout their education.
By eliminating gaps and redundancies (where BIM and sustainability might otherwise
be taught separately), such a curriculum produces a more cohesive learning experience.
Students emerge not just with fragmented knowledge of BIM or green building, but
with a synthesized skill set, such as knowing how to use a BIM model to conduct an
energy simulation and then make design decisions based on the results. Our findings
suggest support for moving in this direction, as students themselves recognize the value of
integration and demonstrate higher competence when they experience it.

5.2.4. Barriers and Institutional Challenges in Translating BIM Knowledge to
Sustainable Practice

Results associated with RQ4 reveal that perceived barriers primarily stem from limited
institutional support and training. The challenges identified by the students mirror those
reported in academic research and by educators. One well-documented challenge in BIM
education is the steep learning curve associated with the software and its processes. It takes
considerable time for students (and instructors) to become proficient in BIM tools. Adding
the complexity of sustainability analysis, which may involve multiple software platforms
or advanced simulation concepts, can overwhelm an already tight course schedule. As
a result, instructors might focus on either BIM or sustainability, but not both in depth,
leaving students with a less integrated skill set. This is a curricular barrier. Furthermore,
faculty expertise can be a barrier: not all instructors are equally comfortable with both BIM
technology and sustainability content. If a program lacks faculty who specialize in the
overlap, students may not receive cutting-edge instruction in that area. This aligns with the
literature’s call for faculty development and training to keep pace with technological and
pedagogical advancements.
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Another barrier is the limited academic-industry linkage. Academic construction
sometimes lags behind the industry in adopting new practices. As BIM workflows for
sustainability become industry-standard, academia must catch up. Students in our sur-
vey hinted at this by suggesting more industry involvement. Prior studies also note that
partnerships with industry (through guest lectures, sponsored projects, internships) can
alleviate some educational shortcomings by providing students with practical contexts and
access to current technology. For instance, if a university lacks specific software, an industry
partner might provide temporary licenses or datasets for students to work with. Addition-
ally, industry projects inherently present interdisciplinary, real-world challenges, exposing
students to precisely the kind of complexity that purely academic projects might simplify.

Translating BIM knowledge into practice requires overcoming the barrier of isolation:
knowledge needs context for application. One way to surmount this is through capstone
projects or integrative assignments that simulate real project delivery. Many programs
include a capstone course in the final year, ensuring that BIM and sustainability are part of
that capstone. This could force students to reconcile theory with practice. For example, re-
quiring a LEED certification analysis of the capstone project using BIM models would push
students to apply what they learned in both domains. The barrier here is often that cap-
stone instructors have to coordinate multiple aspects (design, engineering, management);
however, if done well, it is an intense culmination of learning.

Time constraints in curricula are indeed a challenge, but some educators have re-
sponded by streamlining content and eliminating redundancies. If BIM is taught across
multiple courses, perhaps the intro courses can offload specific topics to later ones (or vice
versa) to make room for sustainability integration. There is also the possibility of utilizing
extracurricular avenues, such as student competitions (like the Solar Decathlon or Green
Building competitions), which require BIM, to encourage students to practice skills beyond
the classroom. A few students in our survey mentioned participating in such competitions;
they found them very helpful, although they joined for the experience rather than because
it was embedded in the curriculum.

Lastly, it is essential to address the psychological barrier: confidence. Our data show
that not all students feel confident, and this often stems from a lack of repetition and
success in completing tasks. By gradually increasing the difficulty of BIM tasks related
to sustainability throughout the curriculum (scaffolding), students can build confidence.
Early on, a simple exercise (like analyzing daylight in one room) can later lead to a full-
building energy model in a design studio project. Each successful step can reduce the
intimidation factor. Educators, as Fadeyi (2017) observed, found that students who engaged
in incremental BIM-sustainability assignments felt more ownership of sustainable design
problems and were less daunted by the technology at the end of the term [27]. This
supports the idea that systematically structured experiences help break down barriers to
practical application.

As a result, the barriers to translating BIM knowledge into sustainable design practice
are real but addressable. They include limited practical exposure, curricular separation of
topics, technical/software difficulties, and insufficient collaboration with industry or across
disciplines. Our findings reinforce recommendations for overcoming these challenges:
integrating BIM and sustainability throughout the curriculum (to provide practical expe-
rience), fostering collaboration (both among different student groups and with industry
mentors), investing in up-to-date tools and faculty training, and providing students with
opportunities to apply their skills in realistic scenarios. By doing so, educational institutions
can turn out graduates who not only understand BIM’s role in sustainability in theory but
can also confidently implement BIM-based solutions to real sustainability challenges in
construction projects.
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6. Recommendations & Future Research
6.1. Recommendations

The results of this survey provide valuable insights into the current state of BIM and
sustainable design education. While students have a solid understanding of the theoretical
aspects of BIM and its role in sustainable design, there are apparent gaps in their ability
to apply this knowledge in real-world projects. The analysis recommends that BIM-based
curricula should be revised for the following reasons:

—  To provide more hands-on experience with BIM tools, especially in sustainable design
contexts.

— To better prepare students for real-world applications, BIM curricula need to incorpo-
rate more hands-on projects, particularly those focused on energy modeling, life cycle
assessment, and material optimization.

— Industry exposure is critical for students to understand how BIM is applied in real-
world sustainable design scenarios. Integrating internships, guest lectures, and industry
collaboration into the curriculum would significantly improve students’ preparedness.

This data analysis and subsequent recommendations aim to help educators refine
their teaching methods and equip students with the necessary tools to effectively utilize
BIM in advancing sustainability goals within the construction industry. The findings also
underscore the need for a more integrated approach to teaching BIM and sustainable design,
which combines technical proficiency with sustainability principles. By bridging the gap
between theoretical knowledge and practical application, educational programs can better
prepare students to tackle the challenges of sustainable design in the AEC industry.

6.2. Future Research Directions

Building on the findings of this study, future research should focus on evaluating the
long-term impact of BIM-sustainability education and expanding its interdisciplinary scope.
Longitudinal studies tracking graduates’ professional application of BIM and sustainability
principles would provide evidence of how effectively integrated curricula translate into
real-world competence. Research could assess whether graduates continue to perceive
gaps between academic preparation and professional practice over time, thereby validating
the long-term effectiveness of curriculum interventions.

Additionally, further investigation is needed into practical strategies for teaching BIM
during the conceptual and early design stages, where sustainability outcomes are most
influenced. Experimental studies could test the use of advanced BIM tools (like generative
design or parametric modeling) to enhance students’ design thinking, decision-making,
and engagement with sustainability concepts.

Cross-disciplinary collaboration also remains an important research area. Future
studies could compare learning outcomes between joint architecture—engineering or con-
struction courses and traditional discipline-specific courses to determine the educational
value of integrated project experiences.

Finally, as technology and industry practices continue to evolve, research should
examine the integration of emerging BIM-based tools, such as cloud collaboration plat-
forms, parametric modeling environments, and Al-assisted workflows, into sustainability
education. These investigations would guide the development of adaptive, data-driven
curricula that better prepare students for the digital and sustainable future of the construc-
tion industry.

7. Conclusions

The construction industry is undergoing a notable shift toward more sustainable,
digital, and performance-driven practices. This shift, driven by climate change, regulatory
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pressures, and the demand for resilient infrastructure, underlines the growing importance
of integrating BIM with sustainability principles in higher education curricula.

This study contributes to the body of knowledge by investigating the gap between
students’ perceptions and the practical application of BIM in sustainable design, revealing
consistent patterns of strengths, weaknesses, and learning needs across both Architecture
and Construction Management programs. While the scope of this research was limited to
two departments, underlying issues such as the need for more hands-on training, inter-
disciplinary collaboration, and stronger industry engagement are challenges that extend
well beyond the case study context. In other words, the identified gaps represent persistent
barriers in construction-related education globally. Because of this broader relevance, these
findings are essential for higher education institutions seeking to align curricula with
the evolving demands of the construction industry, particularly in terms of ensuring that
graduates hold integrated BIM and sustainability competencies.

By linking perception analysis with curriculum recommendations, this study provides
actionable guidance for integrating BIM and sustainability in higher education. To address
these challenges, the results underscore the value of embedding applied BIM-sustainability
projects early in the curriculum, supported by experiential and collaborative learning,
early-stage performance simulations, and real-world case studies. In addition, the study
reinforces the importance of partnering with universities for the industry to co-develop
training ecosystems that mirror real-world practices and provide feedback loops that en-
hance graduate readiness. Similarly, for policymakers and accreditation bodies, the findings
suggest that BIM and sustainability learning outcomes should be explicitly incorporated
into program standards to prepare the future workforce better.

By providing evidence-based insights into effective teaching methods and barriers to
practical application, this research contributes meaningfully to the broader impact on how
to equip graduates with the interdisciplinary skills and technological literacy needed for a
sustainable built environment. Looking ahead, future studies should expand this analysis
to diverse institutions, disciplines, and geographic contexts to validate these findings
and refine implementation strategies. Ultimately, enhancing BIM education should be
considered a strategic priority for preparing the next generation of sustainability-literate
professionals who can drive the green transformation of the built environment.
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Appendix A. Survey Questionnaires

Title of Research Study: Analyzing Students” Understanding and Application of Building
Information Modeling (BIM) in Sustainable Design (SD) within Academic Curriculum
Consent Form: This study aims to understand students’ literacy, acceptance, and use of
BIM technology in SD within Architecture, Engineering, and Construction (AEC) education.
The survey results will assist faculty in identifying curriculum requirements and improving
integration of BIM for sustainability.

Duration: Approximately 5-10 min

Risks: None. All responses are anonymous; no identifiable information is collected.
Voluntary Participation: Participants may withdraw at any time without penalty.
Benefits: Findings will guide improvements in BIM and sustainable design education.
Compensation: None.

Eligibility: Participants must be 18 years or older.

By selecting “I agree to participate”, participants provide their informed consent.

Section A-Demographic Questions

Q1- What is your age?

(@) 1824 (b) 25-34 (c) 3544 (d) 4554 (e) 55-64 (f) 65+

QQ2- What is the focal area of your current study?

(a) Architecture (b) Construction Management (c) Civil Engineering

(d) Building Construction (e) Other

Q3- In which year are you currently enrolled?

(a) Undergraduate (1st-5th year) (b) Graduate (1st-2nd year)

Q4- Gender:

(a) Male (b) Female (c) Non-binary (d) Prefer not to say

Q5- Race/Ethnicity:

(a) White (b) Black/African American (c) Latino/Hispanic (d) Asian

(e) American Indian/Alaska Native (f) Other g) Prefer not to say

Section B-Perception Questions

Q6- How would you rate your current understanding of BIM (VDC/DDC)?

(a) Very Limited (b) Limited (c) Moderate (d) Good (e) Excellent

Q7- Do you believe BIM significantly enhances sustainable design and construction?

(a) Definitely Not (b) Probably Not (c) Might or Might Not (d) Probably Yes

(e) Definitely Yes

Q8- Can you explain the connection between BIM and sustainable design?

(a) No (b) Maybe (c) Yes (d) Yes, confidently

Q9- To what extent has your coursework prepared you to apply BIM in real-world sustain-
able design projects?

(a) Notatall (b)Slightly (c) Moderately (d) Very (e) Extremely

Q10- Which resources contribute most to your understanding of BIM and sustainable
design?

(a) Coursework (b) Industry Experience (c) Guest Lectures (d) Online Media

(e) Peer Discussion (f) Personal Research (g) Other

Q11- Do you agree that BIM supports the following sustainable design aspects?

(Building orientation, massing, daylighting, water harvesting, sustainable materials, equip-
ment, site/logistics, energy modeling)

(a) Strongly Disagree (b) Disagree (c) Neutral (d)Agree (e) Strongly Agree
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Q12- How familiar are you with BIM tools for sustainable design (e.g., Tally, Radiance,
Insight, Revit, Athena)?

(a) Notatall (b)Slightly (c) Moderately (d) Very (e) Extremely

Q13- How often do you use BIM in the following sustainability areas?

(Site Development, Water Efficiency, Energy Efficiency, Materials & Resources, Indoor
Quality, Project Management, Emissions & Equipment)

(a) Never (b) Sometimes (c) Half the Time (d) Most of the Time (e) Always

Q14- What benefits have you gained from understanding BIM and Sustainable Design?
(a) Improved Technical Skills (b) Enhanced Teamwork

(c) Ability to Analyze Materials/Equipment (d) Improved Energy Knowledge (e) Other
Section C-Learning Effectiveness

Q15- Have you completed any BIM-related coursework or projects for sustainable design?
(a) Yes (b) No

Q16- If yes, how effective were the learning methods?

(a) Not Effective (b) Slightly (c) Moderately (d) Very (e) Extremely

Q17- Which learning strategies best supported your understanding?

(a) Lectures (b) Software Labs (c) Group Projects (d) Case Studies (e) Guest Lectures
(f) Other

Q18- Did you receive sufficient hands-on training in BIM software for sustainable design?
(a) Yes (b) Maybe (c) No

Section D-Perception vs. Practice

Q19- Does your theoretical knowledge align with your practical ability to apply BIM for
sustainability?

(a) Notatall (b)Slightly (c) Moderately (d) Very (e) Completely

20- Provide an example of a project where you applied BIM for sustainable design:
[Open-ended Response]

Q21- What barriers limit your ability to apply BIM for sustainable design?

(a) Lack of Experience (b) Limited Software Access (c) Insufficient Industry Exposure
(d) Time Constraints (e) Complexity of Principles (f) Lack of Feedback

(g) Limited Curriculum Integration (h) Inadequate Resources (i) Other

Q22- What do you think about the future trend of BIM and sustainable design?
[Open-ended Response]

Section E-Knowledge Assessment (Optional)

(Q23- What does “BIM” stand for?

(a) Building Information Modeling (b) Building Integration Management

(c) Building Inspection Model (d) Business Information Model

(Q24- Name two sustainability metrics commonly used in sustainable design.

(a) LEED (b) Energy Modeling (c) HVAC (d) ROI (e) Other

Q25- If this survey is completed as part of class credit, please include your course name
and section (e.g., Spring 2025 CM 4710-Section 01).

[Open-ended Response]

Note: The survey was approved by the Institutional Review Board (IRB) and administered
online using Qualtrics between 12 April 2024, and 20 April 2025. All responses were
anonymous and voluntary.
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