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Abstract

Heritage Building Information Modelling (HBIM) has emerged as a powerful methodology
for documenting, analysing, and managing historic buildings. However, its pedagogical
potential in teaching adaptive reuse and heritage-sensitive design remains underexplored,
particularly in postgraduate architectural education. This study evaluates a pedagogical
HBIM framework implemented in a master’s-level course, where students applied HBIM
methodologies to propose adaptive reuse interventions for a historic building in Jeddah
Historic District, Saudi Arabia. Student design projects were analysed to assess how HBIM
informed documentation accuracy, heritage value interpretation, and design decision-
making. In addition, a retrospective questionnaire was administered to former students to
evaluate the long-term educational effectiveness of the HBIM-based methodology, focusing
on learning quality, design comprehension, and professional preparedness. The results
indicate that HBIM significantly enhanced students’ understanding of historic fabric,
improved their ability to propose context-sensitive reuse strategies, and supported more
informed and evidence-based design decisions. Survey findings further demonstrate the
high perceived value of HBIM in architectural education, particularly in linking theoretical
knowledge with real-world heritage challenges. This research contributes a validated
educational framework for integrating HBIM into adaptive reuse curricula and provides
evidence-based insights applicable to heritage education and professional practice.

Keywords: HBIM; 3D laser scanning; architecture education; heritage documentation;
adaptive reuse

1. Introduction
1.1. Adaptive Reuse as a Sustainable Strategy for Historic Buildings

Adaptive reuse has emerged as a central strategy for advancing sustainability in the
built environment, particularly in the context of historic buildings. It involves transform-
ing existing structures to accommodate contemporary functions while safeguarding their
historical, architectural, and cultural significance. This approach not only renews the utility
of aging buildings but also reduces environmental degradation and contributes to the
revitalization of neglected urban environments [1,2]. By allowing buildings to evolve along-
side shifting economic, social, and cultural conditions, adaptive reuse supports continuity
and cultural persistence while conserving material resources that would otherwise be
lost through demolition [3]. From a sustainability perspective, adaptive reuse is widely
recognized as a viable alternative to demolition, enabling buildings to be retained and
functionally redirected rather than completely removed [4,5].
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The embodied energy stored within existing buildings represents a major invest-
ment of resources, and reuse effectively salvages this investment while minimizing waste
and emissions [3]. Environmental benefits are particularly evident in the reduction in
construction-related carbon footprints, the preservation of embodied energy, and the min-
imization of debris generated by demolition activities [6]. In this sense, adaptive reuse
aligns strongly with circular economy objectives by extending the functional lifespan of
heritage assets and reducing material waste across the building lifecycle [5,6].

Nevertheless, the decision-making process for adaptive reuse remains inherently com-
plex. While adaptive reuse holds significant promise for sustainable urban renewal, its
long-term success can be constrained by variability in stakeholder engagement, gover-
nance structures, funding limitations, and site-specific challenges [1,7]. These constraints
highlight the dual nature of adaptive reuse: it is both a sustainability opportunity and a
governance- and context-dependent intervention. Accordingly, recent research has empha-
sized the need for more structured decision-support approaches, including comprehensive
frameworks that capture the multi-dimensional nature of reuse. For example, a framework
organizing 104 variables into seven core dimensions, architectural, social, economic, cul-
tural, technical/implementation, environmental, and regulatory/policy, has been proposed
to support sustainable reuse decisions.

However, current models still frequently struggle to reflect the realities of multi-
stakeholder negotiation and the intangible cultural values that strongly influence heritage
outcomes [2]. In response to these challenges, digital methodologies are increasingly
positioned as enablers of more systematic and evidence-based adaptive reuse workflows. In
particular, Heritage Building Information Modelling (HBIM) offers a robust framework for
documenting and assessing historic structural configurations and constraints in a structured
digital environment, supporting more informed reuse design and evaluation [8–10]. By
linking documentation, analysis, and design reasoning, HBIM has the potential to enhance
adaptive reuse decision-making and strengthen the alignment between sustainability
objectives and heritage-sensitive interventions.

From an educational perspective, this complexity translates into a significant cognitive
challenge for architecture students, who are often required to balance heritage values,
technical constraints, sustainability goals, and programmatic demands within a single
design task. Traditional design studio approaches may struggle to support this level of
multi-layered reasoning in a structured manner, particularly when decisions are driven
primarily by intuition or mental abstraction rather than documented evidence.

In this context, HBIM pedagogy offers a structured learning environment that allows
students to engage with the building as it truly exists rather than as an imagined or
idealized construct. By grounding design decisions in scan-based documentation and
information-rich models, HBIM supports evidence-based reasoning and more transparent
adaptive reuse decision-making [10].

1.2. HBIM and Scan-to-HBIM as Enablers for Adaptive Reuse

Adaptive reuse projects require a level of technical and cultural sensitivity that often
exceeds the demands of new construction, particularly when working with irregular ge-
ometries, layered construction phases, and fragile historic fabric. In this context, digital
documentation and modelling workflows are increasingly adopted to reduce uncertainty
and support evidence-based decision-making. Heritage Building Information Modelling
(HBIM) extends conventional BIM principles to historic environments by enabling struc-
tured representation of existing conditions while embedding descriptive information that
supports conservation and design reasoning [8]. Rather than functioning as a visual model
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only, HBIM can act as a knowledge environment where heritage constraints, architectural
values, and intervention logic can be traced and validated through coordinated datasets.

A key driver behind HBIM’s growing relevance is the expansion of Scan-to-HBIM
workflows, where reality capture technologies, most notably laser scanning, produce high-
resolution point clouds that serve as a geometric and spatial reference for modelling. In
heritage buildings, where irregularity is the norm, point clouds help reduce interpretive
ambiguity and provide a reliable basis for generating sections, elevations, and parametric
components that reflect the real fabric of the building.

This is particularly valuable for adaptive reuse, where the feasibility and impact of new
insertions (e.g., services, circulation, accessibility upgrades) depend heavily on accurate
documentation and spatial awareness. By bridging documentation and modelling, Scan-to-
HBIM workflows contribute to more consistent design coordination and more defensible
intervention decisions (Figure 1), strengthening the alignment between sustainability goals
and heritage-sensitive practice [8].

Figure 1. Scan-to-HBIM to Adaptive reuse workflows.

While HBIM has demonstrated clear value in professional heritage documentation
and conservation practice, its pedagogical effectiveness, particularly in supporting adaptive
reuse decision-making within architectural education, remains insufficiently validated.

1.3. HBIM in Architectural Education and the Need for Impact Evaluation

While HBIM and Scan-to-HBIM have gained momentum in professional heritage
documentation and conservation practice, architectural education often faces challenges in
translating these workflows into structured learning experiences. Teaching HBIM is not
merely a matter of software proficiency; it involves cultivating an analytical mindset that
connects documentation evidence with design decisions, particularly in adaptive reuse
contexts where heritage value must be negotiated alongside contemporary functional needs.
Consequently, HBIM pedagogy is increasingly positioned as a bridge between academic
learning and practice-based competencies, enabling students to engage with real-world
constraints through data-driven modelling and coordinated decision-making.

Previous studies have explored the integration of BIM and HBIM within architectural
education, highlighting their potential to enhance analytical thinking, documentation-
based reasoning, and heritage awareness in design studios [11–13]. Furthermore, a detailed
synthesis of HBIM-related pedagogical studies and their implications for adaptive reuse
education is provided in the literature review (Section 2). Moreover, Figure 2 shows
pedagogical framework illustrating the transition from documentation to HBIM-based
adaptive reuse decision-making.
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Figure 2. Pedagogical framework illustrating the transition from documentation to HBIM-based
adaptive reuse decision-making.

1.4. Paper Organization

The remainder of this paper is structured as follows. Section 2 reviews the literature on
sustainable adaptive reuse, HBIM/Scan-to-HBIM workflows, and the use of digital heritage
methodologies in architectural education, with emphasis on the need for evidence-based
evaluation. Section 3 presents the case study context, including the 2019 master’s-level
HBIM course and the selection of Bayt Zainal in Jeddah Historic District as the project focus.
Section 4 describes the research methodology, detailing the pedagogical HBIM workflow,
the analysis approach for student design outputs, and the retrospective survey instrument
mapped to course learning outcomes. Section 5 reports the results, combining findings
from the student projects and the survey analysis. Section 6 discusses the implications of
the proposed framework for adaptive reuse education and professional heritage practice,
highlighting limitations and future research opportunities. Finally, Section 7 concludes the
paper by summarizing key contributions and recommendations for HBIM-based curricu-
lum development. Moreover, Figure 3 shows the structure of the Research Paper on HBIM
in Adaptive Reuse.

Figure 3. Structure of the Research Paper on HBIM in Adaptive Reuse.

https://doi.org/10.3390/buildings16050970

https://doi.org/10.3390/buildings16050970


Buildings 2026, 16, 970 5 of 28

2. Literature Review
2.1. HBIM in Heritage Documentation and Management

Heritage Building Information Modelling (HBIM) has increasingly emerged as a core
methodology within academic research and selected professional heritage documentation
projects for the digital documentation and management of historic assets, aiming to unify
geometric representation with historical, material, diagnostic, and monitoring informa-
tion within a single environment [14]. Unlike conventional BIM applications, HBIM is
characterized by the need to manage irregular spatial geometries while also integrating
non-geometric heritage data that are critical for conservation planning and long-term
stewardship [15]. This need becomes more evident as traditional recording approaches
often fall short in capturing the complexity and irregularity of historic structures, making
reality-based documentation pipelines essential for dependable modelling and analysis [16].
This limitation stems from the reliance of traditional recording approaches on manual mea-
surement, two-dimensional drawings, and interpretive abstraction, which often struggle to
capture geometric irregularities, spatial deformation, and construction layering typical of
historic buildings.

As a workflow, HBIM commonly relies on reality capture, especially terrestrial laser
scanning and point clouds, as foundational sources for geometric data, enabling more
accurate “as-is” representation and reducing interpretive ambiguity [17]. In addition
to terrestrial laser scanning, photogrammetry is widely recognized as a complementary
reality-capture technique within HBIM workflows. Image-based methods are particularly
effective for producing façade and roof orthophotos, documenting surface conditions, and
capturing architectural elements that may be difficult to record using laser scanning alone.
While photogrammetry was not applied within the scope of the present course due to time
constraints and the breadth of academic requirements, its relevance within HBIM-oriented
heritage documentation and adaptive reuse workflows is well established in the literature.
Within this logic, HBIM can function as a centralized digital repository that consolidates
heterogeneous project information, survey outputs, material records, maintenance histories,
and condition reports into structured datasets that can support heritage governance over
time [1].

Recent directions further extend standard BIM capabilities by embedding heritage
values and significance attributes directly into the digital environment, promoting more
traceable reasoning when evaluating interventions or reuse scenarios [18]. Beyond docu-
mentation, HBIM is frequently discussed as a platform for multi-disciplinary coordination
and preventive conservation. When combined with environmental monitoring and targeted
performance analysis, HBIM can support decision-making for energy-efficient retrofitting
and operational optimization in historic buildings [19]. Similarly, model-based visualization
of deterioration trends and condition risks can assist in planning preventive maintenance
and conservation actions [20]. Nevertheless, the literature consistently highlights persistent
barriers to effective HBIM implementation, including modelling complexity, interoper-
ability limitations, lack of shared heritage-specific standards and object libraries, and
the need for specialized technical expertise, particularly in resource-constrained heritage
agencies [21,22]. These challenges reinforce the argument that HBIM research should
move beyond geometric modelling alone to better address functional data integration and
long-term management requirements [14,15].

Despite its growing adoption, HBIM is not without limitations. The development
of HBIM models often involves a high level of modelling complexity, particularly when
dealing with irregular geometries and heterogeneous historic construction systems. Inter-
operability challenges, limited availability of standardized heritage object libraries, and
the need for specialized technical expertise can introduce additional effort and learning
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demands. In both professional and educational contexts, these factors may increase project
time and cognitive load, indicating that HBIM is not universally applicable to all her-
itage scenarios and must be adopted selectively based on project scope, resources, and
pedagogical objectives.

2.2. Adaptive Reuse of Historic Buildings and HBIM-Enabled Decision-Making

Adaptive reuse is widely recognized as a strategic approach for extending the lifespan
of historic buildings while responding to contemporary functional, social, and environ-
mental needs. In heritage contexts, reuse is not only a technical transformation but also a
cultural process that sustains architectural identity and preserves the “agenda” of the exist-
ing building through careful reinterpretation rather than replacement [5]. This orientation
positions adaptive reuse as an intrinsically sustainable approach, where value retention and
continuity are prioritized while enabling buildings to remain productive within evolving
urban and economic conditions [5,23]. However, adaptive reuse decision-making is inher-
ently complex, requiring balanced consideration of conservation priorities and functional
transformation requirements. The literature highlights the need for structured reasoning
that can manage trade-offs among multiple criteria, including cultural significance, tech-
nical feasibility, stakeholder expectations, and future operational demands [23]. While
multi-criteria decision-support methods are often proposed to compare reuse alternatives,
many approaches still struggle to represent intangible heritage values adequately or to
capture the contextual nature of reuse judgments when applied to real historic assets [2].

Within this complexity, HBIM is increasingly positioned as an enabling environment
for reuse planning because it supports the integration of documentation evidence, condition
understanding, and intervention logic within a coordinated digital structure. HBIM-based
reuse strategies can improve transparency by making constraints, assumptions, and justifi-
cation more explicit, supporting more defensible conservation-led decisions [1,18]. Impor-
tantly, reuse processes supported by HBIM can strengthen the link between archival inves-
tigation, survey evidence, and design decision-making, offering a pathway for evidence-
informed interventions rather than purely intuitive design moves [5]. Yet, the empirical
literature still reports limited studies that directly connect HBIM-enabled reuse modelling
to measured performance outcomes or validated decision quality in real-world adaptive
reuse contexts. In this context, HBIM should not be interpreted as a solution that inher-
ently resolves the complexity of adaptive reuse. Rather, it functions as a decision-support
environment that helps structure information, make constraints explicit, and improve
transparency in design reasoning. By linking documentation evidence, spatial analysis,
and intervention logic within a coordinated model, HBIM can support more informed and
traceable reuse decisions, while acknowledging that final judgments remain contingent on
contextual, cultural, and governance factors.

Across the reviewed literature, HBIM-enabled decision-support frameworks for adap-
tive reuse commonly address multiple dimensions, including technical feasibility, heritage
value interpretation, environmental sustainability, and governance constraints. However,
these frameworks are predominantly developed for professional practice and are rarely
adapted to structured educational contexts. This gap highlights the absence of pedagogical
models that translate HBIM-based decision-support logic into learning environments where
students can systematically engage with adaptive reuse reasoning.

2.3. BIM and HBIM in Architectural Education

In architectural education, BIM adoption has progressed substantially, but pedagogical
approaches remain inconsistent, often oscillating between software-centered training and
design-studio experimentation. Teaching BIM has been repeatedly described as a peda-
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gogical challenge because effective learning requires not only modelling proficiency, but
also an understanding of integrated workflows, coordination logic, and process thinking,
competencies that must be explicitly designed into curricula [11]. Pedagogical strategies are
frequently classified into tool-focused, studio-focused, and hybrid models, where hybrid
approaches are often recommended to bridge conceptual understanding with practical
modelling and workflow application [11,24]. HBIM-oriented education introduces ad-
ditional demands beyond conventional BIM instruction, particularly because heritage
projects require students to interpret irregular geometry, conservation constraints, and her-
itage values while translating documentation evidence into design decisions. Educational
studies have reported that engaging students with scan-based documentation and HBIM
workflows can enhance their ability to interpret geometric irregularities, relate conservation
constraints to spatial decisions, and develop a more explicit awareness of heritage values
within the design process [13,25]. Scan-to-BIM learning sequences, in particular, can pro-
mote evidence-informed design practices by forcing students to reconcile design ideas with
“as-is” spatial reality captured through point clouds. At the same time, literature also notes
practical constraints in implementing HBIM education, including curriculum overload,
staff readiness, and limited institutional resources, which can restrict consistent integration
across programs [21]. A notable limitation across BIM/HBIM education research is that
evaluation often focuses on short-term outcomes (e.g., course satisfaction, technical skills),
while longer-term preparedness, professional transfer, and post-graduation impact remain
under-explored [12]. This gap becomes critical in heritage-oriented teaching, where success
should be measured not only by the production of a model but by how effectively students
learn to interpret heritage constraints, justify interventions, and apply evidence-based
reasoning within adaptive reuse contexts.

Furthermore, from an educational theory perspective, HBIM-based learning aligns
closely with experiential learning principles, where students construct knowledge through
direct engagement with real-world problems, iterative experimentation, and reflective
evaluation [26]. Similarly, the pedagogical setup reflects aspects of situated learning, as
students operate within an authentic professional-like environment, working with real
documentation data and heritage constraints rather than abstract design exercises [27].
Integrating HBIM into adaptive reuse studios therefore supports learning as a contextu-
alized, practice-based process, reinforcing decision-making skills through situated and
experiential engagement.

2.4. Synthesis, Research Gaps, and Study Objectives

Across the literature, HBIM is rich in technical case studies and documentation-focused
applications, yet it often lacks holistic integration with adaptive reuse decision-making
and long-term management implications [15]. Research also remains fragmented across
domains, documentation, value assessment, and reuse-driven design, without sufficiently
demonstrating how HBIM-derived outputs translate into validated reuse decisions or
post-implementation assessment [1,28]. In parallel, the translation of intangible heritage
values into measurable criteria within decision-support systems remains underdeveloped,
despite growing calls for more comprehensive frameworks that incorporate sustainability,
governance, and heritage value dimensions [2]. From an educational perspective, only a
limited number of studies empirically evaluate HBIM pedagogy in a way that connects
learning outcomes to real adaptive reuse challenges, particularly at the postgraduate
level [12,21]. Therefore, a clear gap persists in frameworks that integrate (i) Scan-to-HBIM
documentation, (ii) HBIM-based modelling and value interpretation, and (iii) adaptive
reuse design reasoning, while also validating educational effectiveness through structured
evaluation aligned with course learning outcomes.
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Despite this potential, empirical research that evaluates HBIM as a pedagogical
methodology, particularly beyond the immediate course timeframe, remains limited. Many
educational studies emphasize short-term skill acquisition or end-of-course feedback, with
fewer investigations examining whether HBIM-based learning produces sustained impacts
on professional thinking, confidence, and adaptive reuse decision-making after graduation.

In heritage-oriented education, this gap is especially critical. The effectiveness of HBIM
teaching should not be assessed solely through modelling outputs, but also through the
extent to which students develop long-lasting competencies related to heritage sensitivity,
evidence-based reasoning, and adaptive reuse judgment. Longitudinal or retrospective
evaluation therefore offers a stronger basis for validating HBIM pedagogy and informing
curriculum development in heritage-focused architectural programs.

Although HBIM is increasingly introduced within heritage-oriented design studios at
both undergraduate and postgraduate levels, most educational implementations focus on
skill acquisition or project outcomes rather than on systematically evaluating pedagogical
impact. The novelty of the proposed framework does not lie in introducing HBIM as
a teaching tool, but in explicitly structuring HBIM as a pedagogical environment for
adaptive reuse decision-making and empirically evaluating its educational effectiveness.
For example, within the proposed pedagogical framework, HBIM was not limited to
geometric documentation, but was actively used to support analytical design reasoning.
Students employed environmental and energy-related analyses to explore innovative
interior design solutions, and airflow simulations were used to examine natural ventilation
patterns and assess how incoming prevailing winds could be optimally utilized within
the building. These analyses enabled students to ground adaptive reuse decisions in
measurable environmental evidence rather than purely formal or intuitive assumptions.

In particular, this study contributes a retrospective, CLO-aligned assessment that
examines how HBIM-based learning influences students’ design cognition, evidence-based
reasoning, and professional preparedness beyond the immediate course context.

3. Case Study Context
Building upon the decision-support dimensions identified in the literature, namely,

documentation accuracy, heritage value interpretation, sustainability considerations, and
governance constraints, this study adopts and adapts these principles within a pedagogical
framework. The proposed master’s-level HBIM course translates professional adaptive
reuse logic into an educational setting, enabling students to engage with real documenta-
tion data while developing evidence-based design reasoning. The following case study
illustrates how these theoretical dimensions were operationalized within an academic envi-
ronment. In doing so, the course framework explicitly operationalizes these dimensions
within an educational setting, allowing their pedagogical implications to be examined
through both design outcomes and retrospective student evaluation.

3.1. Master’s-Level HBIM Course (2019)

This study is grounded in a master’s-level HBIM course delivered in 2019, where the
teaching approach was structured around integrating digital modelling and simulation into
a heritage-driven design workflow. The course was delivered over a standard academic
semester and structured around a combination of theoretical lectures, hands-on laboratory
sessions, and design studio work. Weekly sessions integrated conceptual lectures on
heritage documentation and adaptive reuse with practical HBIM modelling exercises
and iterative studio critiques, allowing students to progressively translate documentation
evidence into design decisions.
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For the purposes of this course, students did not directly participate in on-site architec-
tural surveying or laser scanning activities. The terrestrial laser scanning and point cloud
datasets were produced in advance by students from a geomatics program and provided to
the master’s-level architecture students as pre-processed datasets. This approach allowed
the course to focus on HBIM-based interpretation, modelling, and adaptive reuse reasoning,
rather than on the technical operation of reality capture equipment. Students were required
to generate existing-condition HBIM models directly from the provided point cloud data,
rather than being supplied with predefined BIM base models.

The course was positioned to move beyond software operation toward a more process-
oriented understanding of how information-rich modelling can support design develop-
ment, evaluation, and lifecycle thinking. In this context, students engaged with a learning
sequence that emphasized the transition from documentation and interpretation of existing
historic fabric to design reasoning and adaptive reuse proposal development. The course
learning goals focused on developing student competencies in (i) understanding the role of
digital modelling and simulation in architectural workflows, (ii) recognizing and selecting
digital technologies to support design and analysis, (iii) applying BIM/HBIM logic within
the design process, and (iv) appreciating the value of performance awareness and optimiza-
tion thinking across the building lifecycle. Moreover, students were required to develop
HBIM-based documentation models of the selected heritage building and to propose adap-
tive reuse interventions grounded in the documented constraints. The final submission
combined existing-condition modelling, analytical visualizations, and a design proposal
justified through HBIM-derived evidence rather than purely conceptual narratives.

The course targeted master’s-level architecture students who had prior exposure to
conventional architectural design studios and basic digital modelling workflows. While
students possessed varying levels of familiarity with BIM tools, none had previously com-
pleted a dedicated HBIM or Scan-to-HBIM course, positioning the course as an advanced
introduction to heritage-oriented BIM methodologies.

Rather than treating modelling as an end-product, the course framed HBIM as a
structured environment to organize knowledge, interpret constraints, and support design
justification within a heritage context. From a technical standpoint, the learning envi-
ronment relied on widely used modelling and visualization tools, including Autodesk
Revit version 2019, 3ds Max version 2019, SketchUp version 2019.1, Rhino version 6, and
related workflows where appropriate. The cohort size was under 20 students, which sup-
ported closer supervision and iterative feedback cycles, an important condition for HBIM
teaching, given the complexity of modelling irregular historic geometries and managing
multi-layered heritage information.

Although this study focuses on the 2019 cohort, the pedagogical framework applied in
this course is not an isolated experiment. Similar HBIM-based adaptive reuse projects have
been continuously implemented by the author in subsequent academic years with different
student cohorts. The 2019 course was selected for evaluation due to the availability of
complete documentation datasets and the feasibility of conducting a long-term retrospective
assessment. This continuity supports the replicability and pedagogical stability of the
proposed HBIM framework. Design development was conducted primarily through
small student groups, reflecting collaborative practices commonly adopted in professional
heritage documentation and adaptive reuse projects. Assessment focused on the coherence
of documentation-based reasoning and design justification at the group level, rather than
on individual software proficiency.
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3.2. Jeddah Historic District and Bayt Zainal (Case Study Building)

The case study was situated within Jeddah Historic District, a heritage context char-
acterized by complex spatial configurations, layered construction phases, and distinctive
architectural features that often exceed the descriptive capacity of conventional survey
and recording methods. Furthermore, the selection of Bayt Zainal was further supported
through coordination with a representative of the local authority in Jeddah Historic District,
who recommended a shortlist of historically significant buildings suitable for academic
documentation and study. Bayt Zainal was chosen from this group based on a combination
of pedagogical and logistical considerations. Its location within the city of Jeddah facili-
tated repeated site access for students enrolled at a local university, an essential condition
for iterative documentation and analysis exercises. In addition, the building’s structural
condition was comparatively stable in relation to other candidates, allowing students to
focus on HBIM-based documentation, analysis, and adaptive reuse reasoning without the
added complexity of severe structural deterioration. These factors collectively made Bayt
Zainal a particularly appropriate and accessible learning case for the course.

As a result, reality-based documentation workflows, particularly terrestrial laser
scanning and photogrammetry, have become essential for improving geometric accu-
racy, capturing material conditions, and establishing dependable foundations for HBIM
workflows [17]. Historic Jeddah is widely recognized as one of the Kingdom’s most signifi-
cant heritage environments and has increasingly served as a testing ground for research
and applied experimentation in digital heritage documentation and educational HBIM
applications [29]. This makes the district a suitable context for evaluating HBIM not only
as a documentation tool, but also as a pedagogical and cognitive framework supporting
evidence-based adaptive reuse thinking.

Within this setting, Bayt Zainal (Zainal House) was selected as the case study building
due to its strategic urban location and its suitability as a learning platform for adaptive
reuse exploration (Figures 4–7). The building represents a transitional phase in the archi-
tectural development of Historic Jeddah, as it is among the early examples incorporating
reinforced concrete within its structural system. Internally, a heterogeneous construction
logic is evident, with partition walls combining locally sourced stone and concrete masonry
units, reflecting a shift from traditional construction techniques toward more modern prac-
tices. Despite this material complexity, Bayt Zainal is characterized by a clear and largely
symmetrical spatial configuration, with a centrally positioned entrance, an axial layout,
and a prominent bifurcated staircase. These characteristics create a high-value educational
setting in which students must justify adaptive reuse interventions through documenta-
tion, evidence and heritage constraints, aligning closely with the course’s HBIM-based
pedagogical objectives [29].
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Figure 4. Bayt Zainal from the front elevation (north).

 

Figure 5. Bayt Zainal from the right-side elevation (east).

 

Figure 6. Bayt Zainal from the lift-side elevation (west).
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(A) (B) 

Figure 7. Bayt Zainal from inside. (A) The building from inside the second floor, and (B) the staircase
with a wooden roof.

4. Materials and Methods
4.1. Study Design

This research employed a mixed-methods, retrospective educational case study to
evaluate the effectiveness of an HBIM-based pedagogy implemented in a master’s-level
course delivered in 2019. Two complementary evidence streams were used: (1) analysis
of student HBIM adaptive reuse project outputs developed for a real heritage building
(Bayt Zainal, Jeddah Historic District), and (2) a retrospective questionnaire administered
to former students to capture perceived learning effectiveness and longer-term professional
influence. Given the cohort size typical of postgraduate studios, the study was designed as
exploratory, emphasizing descriptive analysis rather than statistical generalization.

4.2. Course Context and Pedagogical Workflow

The course was structured around a documentation-to-design workflow intended
to position HBIM as both a modelling environment and a decision-support framework.
Students progressed through three main stages: (i) interpretation of existing conditions
using reality capture outputs (notably point clouds), (ii) HBIM model development and
information structuring, and (iii) generation and justification of adaptive reuse interventions
under heritage constraints. The workflow emphasized evidence-based reasoning by linking
documentation evidence to design choices, rather than treating the HBIM model as a final
deliverable only.

4.3. Case Study Building

The pedagogical implementation was anchored in Bayt Zainal (Zainal House), located
in Jeddah Historic District, selected due to its heritage significance and suitability for adap-
tive reuse learning. The building’s irregular geometry and heritage-sensitive constraints
provided a realistic context for teaching Scan-to-HBIM logic and conservation-led design
decision-making (Figures 8 and 9).
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Figure 8. Terrestrial laser scanning point cloud used as the geometric reference for HBIM modelling
of Bayt Zainal, enabling accurate interpretation of irregular historic geometry.

 

Figure 9. HBIM model developed directly from the point cloud data, illustrating the transition from
scan-based documentation to information-rich modelling.

4.4. Data Sources

Two datasets were collected:

(1) Student project outputs: Final HBIM-based adaptive reuse submissions were reviewed
to identify recurring patterns in intervention logic, heritage sensitivity, and the extent
to which modelling evidence was used to justify decisions.

(2) Retrospective survey responses: A structured questionnaire was distributed to former
students to evaluate learning effectiveness, perceived skills development, and long-
term professional influence.

Moreover, the Evaluation of the student projects was guided by a set of qualitative
indicators reflecting heritage-sensitive intervention logic. These included: (i) consistency
between proposed interventions and documented heritage values; (ii) respect for original
spatial organization and construction logic; (iii) reversibility and minimal intervention
principles; (iv) clarity of justification linking HBIM-based analysis to design decisions;
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and (v) coherence between functional reuse proposals and cultural significance. These
indicators were applied holistically during studio critiques and final reviews rather than
through numerical scoring.

4.5. Survey Instrument (CLO-Aligned)

A concise questionnaire was designed to reduce respondent fatigue and improve
completion rates. It consisted of 21 Likert-scale items (1 = strongly disagree; 5 = strongly
agree) organized into six constructs: (i) laser scanning and documentation, (ii) HBIM mod-
elling process, (iii) adaptive reuse decision-making, (iv) skills and professional readiness,
(v) educational experience and impact, and (vi) long-term professional influence (5+ years
post-course). Two optional open-ended questions captured additional qualitative reflec-
tions and suggestions. To strengthen construct validity, survey items were mapped to the
Course Learning Outcomes (CLOs) relevant to this study. Optional personal contact details
(name/phone/email) were collected for follow-up purposes only and were excluded from
analysis and reporting.

4.6. Participants and Response Rate

The survey targeted the full course cohort (n = 16, where n denotes the sample size).
A total of 10 valid responses were received, yielding a 62.5% response rate. Participation
was voluntary. Importantly, the survey was conducted more than five years after course
completion, introducing a longitudinal and retrospective dimension that is rarely addressed
in HBIM and architectural education studies. Within this context, the response rate is
considered appropriate for exploratory educational research, particularly when combined
with qualitative analysis of student design outputs. An additional strength of the study lies
in its focus on a master’s-level cohort, where students typically engage with more advanced
cognitive, analytical, and reflective learning processes. This level of academic engagement
aligns well with the complexity of HBIM workflows and adaptive reuse decision-making,
which require higher-order reasoning, integration of multiple constraints, and reflective
judgment rather than short-term technical skill acquisition. Moreover, Figure 10 visually
summarizes the retrospective nature and response robustness of the survey.

Figure 10. Survey response rate. Participants were master’s graduates surveyed more than five years
after course completion.
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4.7. Data Analysis

Survey responses were analysed using descriptive statistics (mean, standard deviation,
and agreement percentage defined as responses rated 4–5). Construct-level means were
computed by averaging items within each construct. Internal consistency of the Likert-
scale instrument was assessed using Cronbach’s alpha as an indicative reliability measure
appropriate for exploratory studies. The open-ended responses were reviewed using a
light thematic analysis, grouping comments into recurring themes such as documentation-
to-decision learning, professional relevance, and improvement suggestions. Student project
outputs were analysed qualitatively through synthesis of observed patterns across submis-
sions (e.g., conservation-led logic, reversible interventions, evidence-based justification),
focusing on cohort-level tendencies rather than individual scoring.

Content validity was supported through alignment of survey items with Course Learn-
ing Outcomes and expert review during course design. Construct validity was addressed
through logical grouping of items into theoretically grounded constructs consistent with
HBIM pedagogy literature.

4.8. Ethical Considerations

Participation in the survey was voluntary, and respondents were informed that their
answers would be used only for academic research purposes. Data were reported in aggre-
gate form to ensure confidentiality. Optional personal contact information (if provided)
was not included in analysis or publication outputs.

5. Results
This section reports descriptive findings only, focusing on observed project charac-

teristics and survey statistics without interpretive or theoretical inference. Moreover, this
section reports findings from two complementary data sources: (1) the student HBIM
adaptive reuse projects developed in the master’s course using Bayt Zainal (Jeddah His-
toric District, 2019) as the case study, and (2) a retrospective questionnaire administered
to former students to evaluate the perceived long-term effectiveness of the HBIM-based
teaching methodology.

5.1. Analysis of Student Adaptive Reuse Projects

The student projects illustrated in this section were intentionally selected from the
full cohort to represent the most analytically explicit and pedagogically relevant outcomes.
Selection criteria included clarity of HBIM-based decision-making, demonstrated heritage-
sensitive intervention logic, and the effective use of documentation evidence (e.g., point
clouds, analytical simulations) to justify adaptive reuse strategies. The selected examples
are therefore illustrative rather than exhaustive, aiming to highlight recurring patterns
observed across the cohort.

The student submissions demonstrate that HBIM can function not only as a modelling
platform but also as a decision-support environment that links documentation evidence
(e.g., point clouds and measured data) with conservation-led design thinking. Figures 11–15
collectively illustrate how HBIM-based documentation and simulation outputs were used to
support evidence-based adaptive reuse decisions across different student proposals. Across
the cohort, student proposals consistently reflected three major outcomes: (i) heritage-
sensitive intervention logic, (ii) evidence-based reuse decision-making, and (iii) structured
documentation-to-design workflows.
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(a) (b) 

Figure 11. Transition from existing historic building information modeling (HBIM) documentation to
the proposed adaptive reuse intervention (Group 1), illustrating how the documented constraints
influenced the expansion design decisions. (a) The building expansion. (b) The existing building and
the expansion.

Figure 12. HBIM-derived floor plans of the proposed adaptive reuse scheme (Group One), developed
based on scan-based documentation of existing spatial constraints.
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Figure 13. Section-box visualizations used to evaluate interior spatial adaptation and integration of
new functions within the documented historic fabric (Group One).

(a) Ground Floor 
Daylighting Analysis 

(c) Roof Floor 
Daylighting Analysis 

(b) First Floor 
Daylighting Analysis 

Figure 14. Daylight analysis supporting evidence-based evaluation of reuse strategies and interior
performance optimization within the HBIM environment (Group One).
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Velocity - Plane Velocity – Flow Lines 

Figure 15. Environmental airflow simulations conducted on the HBIM model in order to assess the
performance implications of adaptive reuse decisions (Group One).

5.2. Conservation-Led Intervention Logic

A recurring pattern across projects was the prioritization of historic fabric retention
and the careful articulation of what should remain unchanged versus what could be
adapted. Students commonly adopted approaches aligned with conservation principles
such as preserving character-defining elements, minimizing irreversible interventions, and
proposing reversible insertions when introducing new functions. These patterns indicate
that the HBIM workflow supported students in reading the building as a constrained
design environment where heritage values shape design boundaries.

5.3. Heritage Sensitivity and Adaptive Reuse Strategies

Student proposals typically demonstrated an explicit attempt to balance conservation
requirements with new programmatic needs. Common strategies included program zoning
aligned with heritage hierarchies, service integration approaches intended to reduce impact
on historic fabric, and the introduction of new functions while maintaining the building’s
original identity. Overall, the adaptive reuse proposals indicate that HBIM enabled students
to test interventions in an information-rich model, supporting reasoned trade-offs between
preservation and functionality. Figure 16, HBIM-derived sectional and analytical views
used to evaluate the spatial and functional implications of the proposed adaptive reuse
intervention (Group Two), and Figure 17, HBIM-based adaptive reuse proposal by Group
Two, show how scan-based documentation informs conservation-led design decisions
under heritage constraints.
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Figure 16. HBIM-derived sectional and analytical views used to evaluate the spatial and functional
implications of the proposed adaptive reuse intervention (Group Two).

 

Figure 17. HBIM-based adaptive reuse proposal by Group Two, showing how scan-based documen-
tation informed conservation-led design decisions under heritage constraints.
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5.4. Use of HBIM Evidence in Design Decision-Making

A key outcome was a visible shift from intuitive design to evidence-based design. Pro-
posals often reflected documentation-driven constraints (e.g., irregular geometries captured
via point clouds), conservation priorities embedded in the HBIM structure, and model-
based justification of interventions. In practical terms, HBIM served as a “documentation
backbone” that structured the reuse proposal around verified geometry and organized
building information, reinforcing analytical thinking in a heritage context.

5.5. Survey Results (Educational Effectiveness of the HBIM Framework)

A retrospective survey was distributed to the full cohort of the 2019 HBIM master’s
course (n = 16). A total of 10 responses were received (response rate = 62.5%). Moreover,
21 Likert-scale items (1 = strongly disagree to 5 = strongly agree), covering laser scanning
and documentation, HBIM modelling, adaptive reuse decision-making, skill development,
educational experience, and long-term professional impact. Overall, responses indicate
consistently positive perceptions of the HBIM-based pedagogy. The overall average across
all items was M = 4.49/5 (SD = 0.40). For clarity, M denotes the mean value, and SD
denotes the standard deviation, suggesting a strong perceived educational value. The
overall distribution of responses is summarized in Figure 18, while detailed item-level and
construct-level results are reported in Tables 1 and 2.

Figure 18. HBIM Framework Educational Effectiveness. The left chart shows the survey response
rate (62.5% of the cohort; n = 10/16). The right chart illustrates the overall average score across all
survey items (M = 4.49/5).

Table 1. Item-level descriptive statistics (n = 10).

Item Question (Short) Mean SD Agree (4–5) %

1 Laser scanning improved
understanding of existing conditions. 4.40 0.70 90.0

2 Point cloud improved understanding
of geometry/spatial complexity. 4.70 0.48 100.0

3 Laser scanning reduced uncertainty
during HBIM modelling. 4.20 0.79 80.0

4 Laser scanning integration improved
HBIM model reliability. 4.60 0.52 100.0

5 HBIM enhanced understanding of
historic construction systems. 4.50 0.71 90.0
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Table 1. Cont.

Item Question (Short) Mean SD Agree (4–5) %

6 HBIM helped organize
architectural/historical information. 4.50 0.53 100.0

7 HBIM improved ability to analyses
heritage architectural elements. 4.50 0.71 90.0

8 HBIM supported interpretation of
heritage constraints. 4.30 0.95 80.0

9 HBIM enabled informed adaptive
reuse decisions. 4.40 0.97 80.0

10 HBIM supported balancing
conservation with new functions. 4.20 0.92 80.0

11 HBIM encouraged evidence-based
(vs. intuitive) decisions. 4.80 0.42 100.0

12 HBIM enhanced overall architectural
design process. 4.50 0.71 90.0

13 Course improved digital/parametric
modelling skills. 4.60 0.70 90.0

14 Real survey data increased confidence
for complex projects. 4.50 0.53 100.0

15 Course improved readiness for
professional practice. 4.40 0.84 80.0

16 Real historic building made learning
more meaningful. 4.80 0.42 100.0

17 HBIM approach increased
motivation/engagement. 4.80 0.42 100.0

18 HBIM workload appropriate for
master’s level. 4.60 0.70 90.0

19 HBIM enhanced overall
learning quality. 4.60 0.70 90.0

20 HBIM should be more widely
integrated in heritage education. 4.60 0.70 90.0

21 Long-term impact on career/design
approach (5+ years). 3.70 1.25 60.0

Table 2. Construct-level summary statistics (n = 10).

Construct Items Mean SD Min Max

Laser scanning & documentation (Q1–Q4) 4 4.47 0.51 3.75 5.00

HBIM modelling process (Q5–Q8) 4 4.45 0.47 3.75 5.00

Adaptive reuse decisions (Q9–Q11) 3 4.47 0.55 3.33 5.00

Skills & professional readiness (Q12–Q15) 4 4.47 0.43 3.75 5.00

Educational experience & impact (Q16–Q20) 5 4.70 0.41 3.80 5.00

Long-term professional impact (Q21) 1 3.70 1.25 1.00 5.00

5.6. Item-Level Results

Item-level descriptive statistics show high agreement across most survey items, as
summarized in Table 1 and visually illustrated in Figure 19. For example:

■ The item on point clouds improving understanding of geometry/spatial complexity
scored highly (Item 2: M = 4.70, SD = 0.48; 100% agree/strongly agree).
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■ The strongest cognition-related item indicated HBIM encouraged evidence-based
rather than intuitive decision-making (Item 11: M = 4.80, SD = 0.42; 100%
agree/strongly agree).

■ Authenticity and engagement were also highly rated, including that working on a
real historic building made learning more meaningful (Item 16: M = 4.80, SD = 0.42;
100% agree/strongly agree).

 
Figure 19. Item-Level Results: Point Clouds and HBIM (For clarity, M denotes the mean value, and
SD denotes the standard deviation).

The long-term professional impact item showed the lowest mean and the
highest variability:

■ “More than five years after completing this HBIM course, I can clearly see its positive
impact on my professional career and design approach” (Item 21: M = 3.70, SD = 1.25;
60% agree/strongly agree), indicating divergence in graduates’ career paths and the
extent to which HBIM opportunities were available post-graduation.

5.7. Construct-Level Results

To improve interpretability, items were grouped into constructs (Table 2). Construct-
level results were consistently high (Figure 20):

■ Educational experience & impact (Items 16–20): M = 4.70, SD = 0.41 (highest construct)
■ Laser scanning & documentation (Items 1–4): M = 4.47, SD = 0.51
■ Adaptive reuse decisions (Items 9–11): M = 4.47, SD = 0.55
■ Skills & professional readiness (Items 12–15): M = 4.47, SD = 0.43
■ HBIM modelling process (Items 5–8): M = 4.45, SD = 0.47
■ Long-term professional impact (Item 21): M = 3.70, SD = 1.25
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Figure 20. Mean scores for grouped survey constructs (values out of 5, with percentage equivalents
shown), illustrating consistently high educational impact across dimensions.

5.8. Reliability

Internal consistency of the 21-item scale was high (Cronbach’s α = 0.89), indicating a
reliable questionnaire structure. Given the cohort size and exploratory retrospective design,
interpretation was intentionally based on descriptive statistics.

5.9. Qualitative Responses

All 10 respondents provided written comments regarding how the course influenced
their professional or academic trajectory. Although responses varied in depth (including a
small number of brief entries) (Tables 1 and 2), several themes emerged:

a. Direct professional relevance to heritage workflows: Some respondents reported
working in contexts aligned with heritage documentation and adaptive reuse, indi-
cating the course helped open or support such opportunities.

b. Data-driven thinking: Multiple comments highlighted that the course strengthened a
documentation-to-decision mindset, emphasizing evidence-based reasoning in both
research and practice.

c. Academic progression: Some respondents linked the HBIM experience to broader post-
graduate development and research readiness (e.g., supporting later doctoral work).

d. Uneven post-graduation application: A subset noted that HBIM did not directly
shape their career due to limited opportunities or a different professional pathway,
while still valuing the knowledge as a strong foundation.

Regarding “feedback to the instructor,” only 3 respondents provided improvement
suggestions. These mainly focused on: (i) potentially separating HBIM teaching streams
(heritage/restoration vs. new construction) and (ii) strengthening integration with support-
ing studio/theory courses to enhance continuity from learning to application and design.

6. Discussion
The following discussion interprets the results in relation to existing literature and theo-

retical frameworks on HBIM, adaptive reuse decision-making, and architectural education.
Furthermore, given the limited sample size and single-course context, the findings

should be interpreted as exploratory rather than generalizable, providing indicative insights
into HBIM pedagogy rather than definitive conclusions.
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6.1. Interpreting the Educational Value of HBIM for Adaptive Reuse Studios

The findings indicate that embedding HBIM within a real adaptive reuse studio can
create a learning environment that is simultaneously technical, analytical, and design-
driven. The student project analysis suggests that HBIM was not treated merely as a
modelling output, but functioned as a structured medium for interpreting constraints,
organizing heritage information, and justifying interventions. This aligns with broader
arguments that BIM-based pedagogy becomes most meaningful when it shifts from tool
training toward process and decision-making competencies. In this study, the evidence-
based logic observed in the projects—particularly conservation-led reasoning and traceable
intervention decisions—suggests that HBIM can strengthen design thinking by making
the “existing building” a measurable and interpretable design boundary rather than an
abstract reference. The survey results reinforce this interpretation. Construct-level findings
showed consistently high perceptions of educational effectiveness across laser scanning,
HBIM modelling, adaptive reuse decision-making, skill development, and overall learning
impact (overall mean ≈ 4.49/5). The strongest pattern across the survey is not simply
satisfaction, but the perceived shift toward evidence-driven decision-making, as reflected
by the highest-rated item stating that HBIM encouraged evidence-based rather than in-
tuitive design decisions. This supports the argument that HBIM can enhance “design
cognition” in heritage contexts, where the quality of intervention decisions depends heavily
on understanding irregular geometry, constraints, and cultural value.

6.2. Scan-to-HBIM as a Cognitive Bridge Between Documentation and Design

A notable contribution of this study is the explicit incorporation of Scan-to-HBIM logic
as an educational mechanism rather than a purely technical pipeline. High ratings for point
cloud usefulness and reduced modelling uncertainty suggest that laser scanning supported
students in developing a confident and accurate interpretation of existing conditions. In
heritage buildings, the gap between drawings and reality is often substantial; therefore,
introducing point clouds into studio learning may reduce interpretive assumptions and
encourage more responsible design proposals. The construct-level results for laser scanning
and documentation (M ≈ 4.47) indicate that students perceived reality capture not only as
a source of geometry but also as a driver of deeper spatial comprehension.

From a pedagogical perspective, this documentation-to-design linkage is important
because it promotes traceability: students can rationalize reuse interventions based on
measurable evidence rather than generic design assumptions. This is particularly rele-
vant in historic districts where conservation expectations are high and where decisions
often require justification to authorities, stakeholders, or heritage governance systems.
Accordingly, the high construct scores for adaptive reuse decision-making (M ≈ 4.47) can
be interpreted as an educational effect of Scan-to-HBIM integration, providing a structured
basis for balancing conservation priorities with functional upgrades.

6.3. Authentic Case Context and Motivation as Drivers of Learning Quality

The educational experience construct was the highest-rated domain (M ≈ 4.70), indi-
cating that working on a real heritage building generated a meaningful learning experience
and increased engagement. This supports the view that authentic case contexts can raise
motivation and improve learning outcomes in design education, particularly when students
perceive the task as professionally relevant and culturally significant. In this study, Bayt
Zainal in Jeddah Historic District served not only as a modelling subject but as a narrative
anchor that framed learning around real constraints, responsibilities, and heritage values.
The strong agreement on motivation and meaningfulness suggests that HBIM pedagogy
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may be most effective when the learning setting is anchored in a real building and real
documentation evidence.

6.4. Professional Readiness and Transfer of Learning Beyond the Course

The construct related to skills and professional readiness (M ≈ 4.47) suggests that
students perceived the course as supportive of professional capability development. This is
consistent with the argument that BIM/HBIM education can contribute to employability
by strengthening competencies aligned with contemporary workflows such as model
organization, information management, and coordination logic. Importantly, the long-
term professional impact item displayed a lower mean (M ≈ 3.70) and higher variability,
suggesting that the translation of HBIM learning into career outcomes depends on factors
beyond the course itself, such as job market demand, the availability of heritage-focused
roles, or graduates’ professional direction.

This variability does not weaken the educational case; rather, it provides a realistic
insight for curriculum development. HBIM pedagogy may produce durable cognitive
and technical foundations, yet professional uptake may remain uneven unless graduates
find contexts where these competencies are actively required. Therefore, long-term impact
should be interpreted as “opportunity-dependent”: the course can enable readiness, but
career influence may vary based on external conditions.

6.5. Implications for Curriculum Design and HBIM Pedagogy

The study offers practical implications for designing HBIM curricula aimed at adap-
tive reuse. First, incorporating Scan-to-HBIM components early in the learning sequence
appears to enhance confidence and reduce uncertainty, supporting more accurate mod-
elling and better decision-making. Second, aligning studio learning with explicit learning
outcomes and integrating evidence-based justification steps can help move HBIM edu-
cation beyond software proficiency toward design reasoning under constraints. Third,
the results suggest that realistic heritage contexts may play a key role in student engage-
ment and learning quality, implying that collaboration with heritage agencies or access to
documented case buildings can significantly improve educational impact.

6.6. Limitations and Future Research

This study is limited by its single-cohort design and the small sample size typical of
master’s-level studios (n = 10 survey responses). While the response rate was relatively high
(62.5%), the findings should be interpreted as exploratory and context-specific. Additionally,
the retrospective nature of the survey may introduce recall bias; however, anchoring the
survey to a specific case context [29] helps reduce ambiguity in participant recollection.

Future research could strengthen evidence by (i) replicating the framework across
multiple cohorts or institutions, (ii) incorporating objective performance measures (e.g.,
rubric-based evaluation of model quality and reuse decision justification), and (iii) compar-
ing HBIM-based adaptive reuse studios with non-HBIM studios to evaluate differential
learning outcomes. Additional work could also test how interoperability practices (e.g.,
IFC workflows) and multi-disciplinary collaboration influence learning effectiveness in
heritage design education.

7. Conclusions
This study evaluated a pedagogical HBIM framework implemented in a master’s-level

course (2019) focused on the adaptive reuse of Bayt Zainal in Jeddah Historic District. By
combining qualitative analysis of student HBIM-based adaptive reuse outputs with a retro-
spective survey of former students (n = 10; response rate = 62.5%), the research provides
evidence that HBIM can serve as more than a modelling tool in architectural education, func-
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tioning instead as an integrated learning environment that supports documentation-based
reasoning, heritage-sensitive design decision-making, and professional readiness.

Furthermore, From a practical educational perspective, the findings suggest that
HBIM-based adaptive reuse courses should be structured around modular components,
including: (i) an initial documentation and interpretation module (3–4 weeks), (ii) an HBIM
modelling and analysis module (4–5 weeks), and (iii) a design integration and evaluation
module (4–5 weeks). Studio-based assessment, supported by formative critiques and
documentation-driven justification, proved more effective than tool-based evaluation alone.
Group-based project work further supported peer learning and simulated professional
heritage practice.

7.1. Key Findings

Three main findings emerged from the combined datasets. First, the student projects
demonstrated that HBIM can structure adaptive reuse thinking by linking documentation
evidence and heritage constraints to intervention logic, encouraging conservation-led
reasoning and traceable design justification. Second, survey results indicated consistently
positive perceptions of the educational approach across all constructs, with particularly
strong ratings for learning meaningfulness and engagement when working on a real historic
building. Students also strongly agreed that HBIM encouraged evidence-based rather than
intuitive design decisions, reinforcing the pedagogical value of HBIM as a cognitive and
analytical framework. Third, while respondents reported high perceived gains in skills
and professional readiness, the long-term career impact item showed greater variability,
suggesting that the translation of HBIM learning into professional outcomes is influenced
by external factors such as career direction and availability of heritage-oriented roles.

7.2. Contributions of the Study

This research contributes to the growing body of knowledge on HBIM and architec-
tural education in three ways. (1) It proposes and evaluates a practice-oriented pedagog-
ical framework that integrates Scan-to-HBIM and HBIM modelling within an adaptive
reuse studio, grounded in a real heritage case context. (2) It provides empirical evidence
that linking reality capture data (point clouds) to HBIM modelling can enhance design
comprehension and support evidence-based intervention decisions in heritage settings.
(3) It introduces a retrospective, CLO-aligned evaluation approach that extends assessment
beyond immediate course feedback, offering a method for examining sustained educational
value in postgraduate BIM/HBIM teaching.

7.3. Practical Recommendations

Based on the findings, several recommendations can support future curriculum de-
velopment. HBIM courses focused on adaptive reuse should incorporate reality capture
and point-cloud interpretation early in the learning sequence to reduce modelling un-
certainty and strengthen understanding of existing conditions. Educational workflows
should emphasize the use of HBIM for decision justification under heritage constraints,
not only for geometric modelling. Finally, authentic heritage case contexts, supported by
access to documentation datasets and engagement with heritage stakeholders, can enhance
motivation and learning depth, strengthening the connection between academic training
and professional expectations.

7.4. Limitations and Future Work

The study is limited by the single-cohort case design and the small sample size
typical of postgraduate studios. Although the response rate was relatively high, results
should be interpreted as exploratory and context dependent. Future work should replicate
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the framework across multiple cohorts or institutions, integrate objective performance
measures (e.g., rubric-based evaluation of modelling and intervention justification quality),
and compare HBIM-based studios with non-HBIM teaching approaches.

Moreover, future research should expand this approach through multi-institutional
and cross-cultural comparisons to validate the pedagogical framework across different
educational settings.

Additional research could also evaluate the role of interoperability workflows (e.g.,
IFC-based exchange) and multi-disciplinary collaboration in shaping learning outcomes
within heritage-oriented design education.
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