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Abstract. Digitalisation of the construction industry is both driving changes in construction education to meet emerging
industry needs and providing opportunities for new delivery approaches. Universities are responding to these challenges
in diverse ways including in their use of Building Information Modelling for construction education (BfCE). This research
is aimed at understanding the existing approaches to BfCE. A systematic literature review of BfCE in universities was carried out which identified 305 relevant articles including 44 specific cases of BfCE. These were qualitatively analysed and a
Straussian Theory Model (STM) was adopted to understand the different BfCE approaches reported in the literature, the
contextual and intervening conditions which give rise to them and their consequences in order to develop a conceptual
framework which sets out the relationships between these and the digitalisation of the construction industry. This study
provides construction educators with a descriptive typology that depicts all possible BfCE approaches and which could assist them in determining suitable approaches and to conceptualise new approaches for teaching students to use Building
Information Modelling (BIM) and also for leveraging BIM to enhance their teaching of other topics.
Keywords: Building Information Modelling, BIM education, AEC-FM, Grounded Theory, Straussian Theory Model, systematic literature review, construction education.

Introduction
Building Information Modelling (BIM) is revolutionising didactic methodologies in construction education at a
time when Architectural, Engineering, Construction and
Facilities Management (AEC-FM) educators are faced
with the challenge of educating students so that their professional roles would properly align with the digitalisation
of the construction industry to enhance not only their
productivity but also their decision-making ability (Du
et al., 2017; Hwang & Safa, 2017; Tranquillo et al., 2018).
Education that is mediated by technological innovations,
such as BIM, has been shown to support students’ motivation, satisfaction and performance both academically and
professionally (Ferrandiz et al., 2018).
There are intrinsically two aspects of BIM that need
AEC-FM educators’ and researchers’ attention. The first,
from an instrumentalist world view (Feenberg, 2001, 2017;
Heidegger, 1977), which is generally acknowledged and
predominantly studied is that AEC-FM graduates would
understand the use and application of BIM in the industry (Puolitaival & Forsythe, 2016; Ramalingam, 2018; Solnosky, 2018; Wu & Luo, 2016) – this is taken to be a short-

term industry need where “teaching BIM is prioritized”
(Witt & Kähkönen, 2019). The second aspect, based on
substantivism, is the use of BIM as a platform or medium
for AEC-FM education. Moreover, and for both aspects,
curriculum design and evaluation criteria have been reported to be major challenges especially in the face of
multiple ways of embedding BIM into the AEC-FM curriculum in any educational institution with their unique
context, policies and strategies (Sacks & Pikas, 2013).
BIM for construction education (BfCE) is a term used
in this study to refer to all efforts by academia in educating AEC-FM students both on how to use BIM and /
or leveraging BIM to enhance learning. Earlier research
by the authors has confirmed a number of existing cases
of BfCE reported in the academic literature and suggests
that these are dominated by architectural disciplines and
that reports on construction management related courses
are increasing with time. Only two literature reviews on
general BIM education were found (Abdirad & Dossick,
2016; Pikas et al., 2013) that focused on curriculum design
frameworks. However, understanding the development
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process of BfCE model offerings is important for designing appropriate BfCE approaches in universities. Whereas
previous studies have effectively reported developments in
BIM education, none of them has attempted to conceptualise the patterns underlying the dispersed facts.
The scarcity of extant literature relating to the classification of approaches to BfCE is also notable. To our
knowledge, there are only two studies that have reported
on the categorisation of different models of BfCE offerings
in higher education institutions (Solnosky & Parfitt, 2015;
Suwal & Singh, 2018) and none on universities specifically.
According to Solnosky and Parfitt (2015) “The number
and types of methods for teaching and integrating BIM…
into building related architectural engineering related curriculums… is varied due to its broad definition and based
on the wide body of different building expertise.” With
this explanation, they came up with a categorisation that
is based on number of disciplines involved, course design
and number of institutions involved. Suwal and Singh
(2018) base their categorisation solely on course design
and number of disciplines involved. However, neither of
these studies systematically define the human actions and
interactions involved in their categorisations thereby giving explanations for their use. Both Solnosky and Parfitt
(2015) and Suwal and Singh (2018) are already somewhat
dated and, since more examples of BfCE now exist, a
more rigorous attempt at categorisation is now feasible.
This study is an attempt to fill this gap by synthesising
the evidence from the extant literature on BfCE cases to
gain an understanding of existing BfCE implementation
strategies in universities and develop a typology of BfCE
approaches in AEC-FM disciplines as well as a conceptual
framework to explain the drivers and processes associated
with BfCE. This is a first step in addressing the wider research problem: how can BIM be leveraged to improve
engineering education in AEC-FM disciplines?
A systematic search of the academic literature was carried out to identify peer-reviewed journal and conference
papers on BIM education in higher education institutions
(HEIs). Cases of BIM for construction education for AECFM students in universities reported in these papers were
then identified and analysed. The literature search criteria
and analysis process are described in Section 1. Section 2
presents the main findings from the analysis of the cases
identified and these are discussed and interpreted in Section 3 where a typology of BfCE approaches and a conceptual framework for BfCE are derived before conclusions
and implications for further research are drawn.

1. Research methodology
Systematic literature reviews are “rigorously designed
and conducted literature reviews that aim to exhaustively
search for, identify, and appraise the quality of and synthesize all the high-quality research evidence in order to
answer a specific research question” (Phillips et al., 2018).
This approach enables the comprehensive review of the
extant literature within the scope of the research in a re-

producible and rigorous manner and, moreover, the results of systematic literature reviews have been argued to
be as valuable as those of any other evidence-based methodologies in educational interventions (Evans & Benefield,
2001; Phillips et al., 2018). The methodology adopted for
this research followed the recommendations of Gough
(2007) for conducting systematic literature reviews as
summarised under the following 9 process steps by Bearman et al. (2012): “(1) establishing the review question;
(2) defining inclusion and exclusion criteria; (3) articulating the search strategy, including information sources;
(4) screening the articles to see if they meet the inclusion and exclusion criteria; (5) reporting the results of the
search strategy, usually through a flowchart; (6) extracting relevant data from included studies; (7) assessing the
methodological quality or rigour of the included studies;
(8) synthesising, either quantitatively or qualitatively, the
collective evidence of the included studies; (9) drawing
conclusions and communicating these findings in a manner which is relevant to readership”.
Establishing the review question: The review question
guiding the direction of this study was: What are the existing cases of BfCE in universities?
Defining inclusion and exclusion criteria: All academic
publications relating to BfCE from any year and any country were included but only English language publications
were considered. Academic publications refer to peer reviewed journal articles and conference proceedings that
report on actual research on any aspect of BIM education
in universities. Trade publications, and other non-academic sources and books were excluded on the grounds
that the quality of their content could not be similarly assured (e.g. these could include promotional content).
Articulating the search strategy: An initial search was
conducted on two online databases (ASCE journal and
ASEE conference papers that were published in 2018) to
identify the appropriate search terms. The Boolean phrase
with the following search operators was used: (“Building
Information Mode?l*” OR “BIM”) AND (“Educat*” OR
“Teach*” OR “Learn*”) AND (“Construction management” OR “Project Management” OR “Engineering Management”) to locate relevant references. This was done
reiteratively with the introduction of wildcard (? – e.g.
Mode?ing) and truncation (* – e.g. Model*) search operators to exhaustively glean all relevant references. The following online databases were searched for relevant articles
(i.e. articles containing the search terms which are generated automatically by the search engine): EBSCOhost
Web; EBSCO eBooks Collection; ASCE Library; ASME
Journals and Conference Proceedings; Cambridge Core;
Emerald; ScienceDirect; Scopus (Elsevier); Web of Science
(Clarivate Analytics). However, not all databases proved
equally relevant and the articles returned are shown in
Table 1.
Screening the articles: The articles returned from the
search of databases were listed in order of relevance by
the algorithms of the database search engines such that
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Table 1. Databases with breakdown of articles returned
Databases
EBSCOhost Web

Articles returned
from search
expression

Relevant articles
after screening

3,968(*)

192

Science Direct

269

12

ASCE Library

1921

211

Emerald Insight

237

15

2558(*)

118

Web of Science

504

68

Overall (with
duplicates removed)

N/A

305

Scopus

the articles most aligned with the search string and filters
were returned at the top of the list and those increasingly
less aligned with the search terms appeared further down
the list. The articles were screened using their titles and,
where necessary, their abstracts were also read to establish
their relevance to this enquiry. The Mendeley web plugin
was used in conjunction with the Google Chrome browser
to download the articles (as pdf files) into individual folders for each database for further analysis. All of the files
from all the folders were then collated into a single folder
to identify and eliminate duplicates using Mendeley reference management software which resulted in a total of
305 relevant BfCE articles. From the total of 305 articles
found, forty-four (44) articles were found to report actual cases (using action or case study research) of BfCE
in AEC-FM in universities. These 44 cases were found to
have adequately similar data so that a constant comparative analysis could be carried out.
Reporting the results of the search: Table 1 shows the
results of the search strategy.
Note that the high number of returns from the EBSCOhost Web and Scopus databases were mostly irrelevant –
the screening process (going through each paper’s title
and, where necessary, abstract) was discontinued at return
record #600 (EBSCOhost Web) and record #1100 (Scopus) after a full 50 records (listed according to relevance)
in sequence had been found to be irrelevant. The results
of the constant comparative analysis are reported in Section 2 and further discussed and interpreted in Section 3.
Data Extraction from included studies: Data extraction
followed a qualitative approach which was achieved with
the aid of NVivo Plus (v.12) software. The research question guided the mining of data, and contents were probed
accordingly throughout the extraction process for comparative content analysis of the cases. Themes and patterns
were coded as they emerged. The analysis also considered
some quantitative metrics to clearly present trends of all
the considered factors that impact on BfCE in this study.
Therefore, this study adopted a mixed method approach
in the collection, organisation, analysis of data and presentation of results (the results are presented in Section 2).
Assessing the methodological quality or rigour of the
included studies: The quality and rigour of the studies in-
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cluded was premised on their appearance in peer-reviewed
journal and conference proceedings publications and all
included studies were considered to be equally valid.
Synthesizing the evidence: A Grounded Theory (GT)
approach was adopted for synthesis. Specifically, a metaanalysis and content comparison of cases were carried
out using the Straussian Theory Model (STM). The data
from relevant extant textual cases were coded following a
constant comparative analysis. The identified themes were
linked into concepts, from concepts to sub-categories and
subsequently into categories to explore the conditions,
context, consequences, and strategies (actions and interactions) as well as the relationships between them as suggested by Corbin and Strauss (1990), Creswell (2012). On
this basis, a typology and conceptual framework for BfCE
in universities were derived (as presented in Section 3).
Grounded Theory (GT) is a rigorous systematic inductive approach to understanding social process(es) by
analyzing any form of data and allowing the analyst to
freely come up with substantive theory that is both compatible and consistent with empirical observation without
the restriction of precepts of any existing theory about a
phenomenon (Urquhart, 1997). Since this study is aimed
at understanding the BfCE phenomenon on the basis of
extant cases and in the absence of existing theory, GT provides a convenient approach for doing this. Specifically,
the Straussian Theory Model (STM) of GT was adopted as
a prescriptive methodology for the meta-analysis, content
comparison and theory generation from the cases.
Figure 1 illustrates the STM as presented by Creswell
(2012). In generating substantive theory using GT, Creswell (2012) suggests that emphasis should be on process
rather than consequences. A process in GT research, according to Strauss and Corbin (1998), “is a sequence of
actions and interactions among people and events pertaining to a topic”. In adopting STM, BfCE was thus considered as a social process and the analysis proceeded according to three prescribed steps (Strauss & Corbin, 1998;
Creswell, 2012):
1. Open coding – formation of initial categories of information regarding the phenomenon;
2. Axial coding – identifying a core category and determining the relationships between that and the
other identified categories (see Figure 1);
3. Selective coding – theory development in attempting to explain the relationships determined above.
Drawing conclusions: The 9th step in the systematic literature review process described by Bearman et al. (2012)
relates to drawing conclusions from the outcomes of the
research. Our conclusions are presented in the final section.

2. Results
2.1. Summary of BfCE cases
Table 2 shows the summary of all the BfCE cases in this
study categorized according to the type of disciplines
engaged, what was taught and how they were taught.
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Open coding categories

Axial coding paradigm

Category

Context

Category
Core category
or phenomenon

Causal
conditions

Category

Category

Strategies

Consequences

Intervening
conditions

Category

Figure 1. Grounded Theory coding from open coding to the axial coding paradigm (Creswell, 2012)
Table 2. Summary table of BfCE cases
Discipline

# cases Teaching basis*

Learning foci

Delivery

12

project (5)
case (3)
problem (5)

Undergraduate, postgraduate or
capstone (course integration); design
both combined. Single topic within
integration; building materials,
course to full course. Less than
technology and systems; construction;
1–10 semesters. Single or multiple
sustainability
institutions

Construction

12

project (3)
case (6)
problem (5)

capstone (course integration); IT for
construction; construction principles Undergraduate, postgraduate
and practice; building technology
or both combined. Full course.
and systems; energy simulation; BIM 1–8 semesters. Single institutions
process and applications; collaboration

Civil and structural

4

project (0)
case (0)
problem (3)

BIM awareness; BIM terminology
and process, applications and tools;
visualisation

Other (individual)
disciplines
(Building and Real
Estate; Geoinformatics;
undefined)

3

project (1)
case (1)
problem (0)

Development of CAD in construction.
Undergraduate. Full course.
BIM awareness; BIM applications and
1 semester. Single institution
tools; BIM for FM; BIM futures

13

project (3)
case (4)
problem (4)

Capstone (course integration – for
solar decathlon competition); BIM
applications; interoperability

Architecture

Combinations of (2–8)
disciplines

Undergraduate or postgraduate.
Full course. 1 semester. Single
institutions.

Undergraduate, postgraduate
or both combined. Full course.
1–6 semesters. Single or multiple
institutions.

Note: *Some cases contain more than 1 type or none at all.

Of the 44 cases identified, the majority (34) were from
the USA, 4 were from China, 2 from the UAE and the
remainder from other countries across the globe contributing only 1 case each to the sample.

2.2. Disciplines
Table 2 shows the spectrum of disciplines engaged in the
BfCE studies which were explicitly or implicitly extracted
from the cases and how they are combined in some cases.
28 of the cases involved just a single discipline. Architecture and Construction were the dominant disciplines with
12 cases each. The rest are combinations of different disciplines with two being the least and the greatest number
of combined disciplines in a single case was found to be
8 (see Bozoglu, 2016; Chiuini et al., 2013). It was, how-

ever, not possible to get the same detail from one of the
cases due to its non-specificity and lack of any indication
to implicitly deduce the discipline to which it referred.
Nevertheless, the diversity of possibilities in which BfCE
is executed among AEC-FM disciplines in universities was
apparent – and this even extends beyond solely AEC-FM
disciplines in one of the cases to Business and Communication disciplines.

2.3. Teaching basis
Expanding the ideas of Mills and Treagust (2003) regarding project- and problem-based learning, we have
included a third category for the purpose of this study,
which is case-based learning as defined by Barison and
Santos (2018). The dissenting ideas about project-based
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and problem-based learning have prompted the publication of many articles, for example, Mills and Treagust
(2003) and Helle et al. (2006). Helle et al. (2006) in their
exploration of project-based learning (PrBL) in education highlight the general characteristics of PrBL as: “(1)
[projects] involve the solution of a problem; often, though
not necessarily, set by the student himself [or herself]; (2)
they involve initiative by the student or group of students,
and necessitate a variety of educational activities; (3) they
commonly result in an end product (e.g., thesis, report,
design plans, computer programme and model); (4) work
often goes on for a considerable length of time; (5) teaching staﬀ are involved in an advisory, rather than authoritarian, role at any or all of the stages – initiation, conduct
and conclusion”.
Although these general characteristics do not specifically refer to projects as being real-life, in the context of
BIM and AEC-FM disciplines, projects generally refer to
construction and their ancillary works which are always
real-life (Mills & Treagust, 2003). While problem-based
learning (PBL) was not within the exploratory scope of
Helle et al. (2006) they, however, argued that some common features between PrBL and PBL include the presence
of problem orientation, i.e. learning is propagated through
the formation of a problem; and collaboration and cooperation among group members. Furthermore, they suggest that the difference is in the way knowledge is applied
to the problem formed. In PBL this typically involves the
application of already acquired knowledge, while PrBL
requires the acquisition of new knowledge. We found, in
the literature reviewed, that the terms PrBL, PBL and also
case-based learning were used loosely and interchangeably in many of the articles that we analysed. Therefore,
to avoid misrepresentation, we have defined the concepts
of PrBL, PBL and CBL as used for the classification of
articles in this study. Project-based learning is centred
around real-life projects where students/learners take active roles in the execution of the projects or collaborate
closely with the professionals on the project. Case-based
learning is centred around completed real life projects
where students/learners have no active roles to perform
in the execution of the project but have access to some or
all the professionals on such projects to obtain partial or
full information on the project (Barison & Santos, 2018).
In problem-based learning, the learners are totally dissociated from both the project and the professionals on the
project. Problems, having semblance of real-life based on
the experience of the educator, are usually built on hypothetical cases for learners to solve.
Table 2 illustrates that all 3 of these approaches have
been popular in BfCE with almost all identified cases employing 1 or more of them as a basis for teaching. The first
case reported on BfCE had no indication of the teaching basis adopted in the study, references to the basis of
teaching started emerging a year after the first case was
reported. The reporting of project-based cases stopped in
2015 with the highest number reported in 2013. There is
no apparent preference for either problem-based or casebased approaches to BfCE.
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2.4. Learning foci
Learning foci in the cases ranged from BIM awareness, applications, tools and processes to BIM-based course integration in capstone projects and the subject areas spanned
the whole life of constructed assets. The application of theoretical topics leading to practical design and/or construction documentation, especially in capstone projects, were
prominent. In addition, dissertation and thesis writing on
BIM by Masters and PhD students were also observed to
be of interest to some authors.

2.5. Delivery
The cases showed a variety of delivery possibilities in relation to:
– whether the BfCE intervention was a topic within a
course or a full course;
– the level of students – undergraduate and postgraduate as well as combinations of both;
– the length of courses – from less than 1 to a full 10
semesters;
– the number of institutions involved in the delivery.

2.6. Approaches
10 specific types of approaches were identified from the
literature and these are:
Approach Type 1: Undergraduate Mono-discipline (Topic) – in a single institution: In this category, BfCE only involves undergraduates who are in the same institution and
share the same discipline. This approach is particularly favoured by faculties that practice BIM-enabled education.
In this approach, AEC-FM concepts such as cashflow, estimating, structures, etc., which go beyond emphasising
the digitalisation of the construction industry, are taught
at topical levels. In most cases, there is no space in the curriculum for faculties to have a full-blown course for BfCE.
Furthermore, this method of BfCE does not require any
prerequisite course(s), mentoring, involvement of alumni
nor guest speakers for its implementation. An example
of a case with this approach is Sharag-Eldin and Nawari
(2010), where the teaching and learning also happened in
both traditional classroom and a studio setting.
Approach Type 2: Undergraduate Mono-discipline
(Course) – in a single institution: This approach, though
similar to the first type, is different in that the combined
condition under which this is practiced allows extended
time for such teaching and learning which culminates in a
dedicated course for BfCE. This approach allows for either
training students on basic engineering concepts or how to
use BIM software. This approach can include the participation of guest lecturers and the requirement that students
have already completed prerequisite courses. Teaching and
learning may be carried out in a combined environment
i.e. both traditional classroom and laboratory/studio setting (e.g. Kim, 2014).
Approach Type 3: Undergraduate Multidisciplinary
(Course) – in a single institution: This approach is widely
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used and encompasses multiple disciplines, but all located
in the same institution. Properties of this approach with
varied nuances include prerequisite courses, combined
environments, guest lecturers. Example cases include Comiskey et al. (2017), Solnosky and Parfitt (2015), Wong
et al. (2011), Bozoglu (2016), Zhang et al. (2017, 2018),
Pikas et al. (2013), Monson and Dossick (2014), Jin et al.
(2018), Nawari et al. (2014).
Approach Type 4: Undergraduate Multidisciplinary
(Course) – in multiple institutions: This refers to the extension of BfCE beyond a single institution by collaborating with other institutions. The maximum combination of
institutions recorded in this study is two. This approach is
undertaken where there is adequate time (usually at least
a semester) to carry out the teaching and learning with
the support/mandate of participating institutions. Of paramount importance for such arrangements is the availability of complementary technology such as an online collaboration platform and ability for time coordination in
cases where the institutions have different time zones. This
approach may be adopted in cases where institutions wish
to leverage individual strengths in areas like core discipline focus and availability of technical resources. Properties of this approach include courses being carried out in a
combined environment with some prerequisite knowledge
required by the students and facilitated by guest lecturers
(e.g. Comiskey et al., 2017).
Approach Type 5: Postgraduate Mono-discipline
(Course) – in a single institution: This involves teaching
and learning of BfCE activities among master’s students
and sometimes doctoral students. However, the involvement of the doctoral students is usually for facilitating i.e.
they are involved because their supervisors or departmental heads are teaching the subject and are consequently
needed in BfCE role playing. The conditions which impact the choice of this approach include the organisational
structure of the institution in that the faculty possesses the
authority, the skill in BIM software application with the
time and resources required for the implementation of this
approach. The examples of this approach involved learning taking place in a combined environment, with or without requiring the completion of prerequisite courses and
with or without the participation of guest lecturers and/or
industry experts. Cases included Hijazi et al. (2018), Wang
and Leite (2014), Suwal and Singh (2018), Sampaio (2015),
Pikas et al. (2013), Nassar (2012).
Approach Type 6: Postgraduate multidisciplinary
(Course) – in a single institution: The notable feature of
this approach type is the diversity of the students involved.
This is made possible by the presence of other, complementary disciplines within the institution where the study
is conducted. It is worth mentioning that the availability
of resources such as high-end computers and software is
important. Variants include learning in a combined environment or in a studio environment only, with or without
participation of guest lecturers and, typically, without prerequisites. Example cases include Charlesraj et al. (2015),
Bozoglu (2016), Pikas et al. (2013), Shanbari et al. (2016).

Approach Type 7: Mixed Level Single Discipline
(Course) – in a single institution: In this category, teaching
and learning take place among students of the same discipline within the same institution but who are at 2 or more
different levels in their studies. For example, year 3 and
year 4 students might be taught at the same time with the
option of deferring the course to year 4 by year 3 students.
This approach is typically carried out in a combined learning environment and variants include: the requirement for
prerequisite courses, participation of guest lecturers and
industry mentors, incorporation as a capstone project.
Example cases include Wu and Hyatt (2016), Lewis et al.
(2015), Wu and Luo (2016). Time and resources availability are important factors in implementing this type of approach as these can be beyond faculty capacities and thus
reliant on national or institutional mandates to encourage
this approach.
Approach Type 8: Mixed Level Multidisciplinary
(Course) – in single institutions: This categorisation relates
to the engagement of more than one discipline in different
levels of studies but in the same institution. This arrangement is particularly practiced where the topic or course
involved is either an elective or core course that is taken by
different levels of students from different disciplines. To an
even greater extent than approach Type 7, this approach
relies on the organisational structure allowing for proper
coordination and collaboration and institutional/national
mandates for encouraging them. These approaches are
typically carried out in combined learning environments
either with or without prerequisites and mentors. Example
cases include Chiuini et al. (2013), Rassati et al. (2010),
Leite (2016).
Approach Type 9: Mixed Level Multidisciplinary
(Course) – in multiple institutions: faculties and students
from different institutions are involved in the teaching and
learning of BfCE activities respectively. This approach usually take place at capstone level, where participants from
both institutions combine their efforts to complement
disciplines that are not available in both institutions. Additionally, this approach is suitable for the demonstration
and teaching of the collaborative aspects of non-collocated
participants in real or simulated construction projects.
The amount of time allocated for such studies is usually
not less than a semester due to the range of technical and
academic activities involved. Only one example case of
this approach was uncovered in the study (Becerik-Gerber
et al., 2012) and this was conducted in a combined learning environment, involved the participation of software/
industry mentors and required no prerequisite courses.
The availability of suitable software and hardware to facilitate self-learning and communication was particularly
important.
Approach Type 10: Mixed-MULTIPLE Levels Multidisciplinary (Course) – in a single institution: This approach
involves the collaboration of different levels of students
from one discipline with another set of students at different levels from another discipline but all being enrolled
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at the same institution. This is an expansion of approach
Type 8 where the students from each discipline involved
are usually representative of only one level, but which may
be different to each other. Here, there is a lot of vertical and
horizontal integration in the composition of the student
group and this allows for simulating differential knowledge levels within an organisation and the diversity of focus areas while encouraging collaboration and learning.
Practicing this approach requires considerable time coordination among levels and departments, access to training
software and other technical resources and some level of
software skill which could be compensated for by engaging industry or software mentors (see Zhao et al., 2015).

3. Discussion and interpretation of results
3.1. Open Coding
Open coding signifies the first level of data analysis. According to Corbin and Strauss (1990), during open coding, data are weighed against one another for the purpose
of identifying what they have or do not have in common
based on events/actions/interactions surrounding them.
Categories and subcategories are formed when common
concepts emerge that have been labelled a priori. Open
coding was carried out for all the cases through reading
the texts line by line and using NVivo Plus (v.12) to parse
information for categorisation into themes and sub-themes
after highlighting and extracting relevant indicators and
incidents as codes. Further incidents and indicators that
generally relate to the question of this study resulted in
a total of 429-open codes that were subsequently parsed
into 58-open code categories such as: causes of BfCE, advantages, disadvantages, the environment in which teaching and learning took place, teaching methods employed,
stage of BIM education, delivery, learning foci, number of
semesters for which the learning lasted; number of institutions combined in the cases, effects, limitations, challenges, etc.

3.2. Axial Coding
Axial coding involves identifying relationships among
the properties and dimensions of the identified categories while relating them to the core phenomenon under
study. The 58-open coding categories were rearranged to
align with the given categories shown in the Axial Coding Paradigm of Figure 1, i.e. the causal conditions, core
category or phenomenon, context, intervening conditions,
strategies and consequences. These are expanded upon in
turn below.
3.2.1. Causal conditions
The causal conditions include: leveraging BIM technology
to educate students on designing, building and operating
a net-zero energy prototype building culminating in capstone experience in some cases; understanding construction information management and storage platforms;
perceived requirement by graduates to operate in a tech-
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nologically driven world of work; ability of new employees
to use BIM technologies and using ‘a’ BIM platform as ‘a’
conduit for the integration of complementary innovations
e.g. laser scanning, photogrammetry, building inspection/
surveillance and point cloud computing using unmanned
drones. The causal conditions were understood, in a general sense, to be elements of the digitalisation of the construction industry.
3.2.2. Core phenomenon
BfCE was considered to be the core phenomenon for this
study given its centrality to the whole process. In order to
understand why construction educators engage in BfCE,
varying indicators emerged that were grouped under this
theme. From the Axial Coding Paradigm (ACP), this
phenomenon is motivated by the causal conditions noted
above. Faculties’ specific responses take the form of different strategies or approaches to the implementation of
BfCE and these are influenced by both context and intervening conditions. The strategy or approach adopted
results in specific outputs or consequences.
3.2.3. Context
The contextual and intervening conditions governing the
selection of specific strategies were considered in terms of
factors at the macro, meso and micro scales. Macro conditions refer to international, national and community
events that directly affect a study or institution to which
the study is affiliated. Meso conditions relate to institutional factors and the micro level refers to sub-organisational and sub-institutional factors. Following the suggestions of Corbin and Strauss (1990), both macro and meso
factors were regarded as contextual conditions whereas
micro level factors were considered to be intervening conditions. Contextual conditions identified included:
Era: Era is a subtle factor and all the approaches are
influenced by it as all the cases are in one way or another
responsive to the 1987 launch of the BIM technology.
Looking back to the launch of the first sets of commercially available BIM software in 1987 (Eastman et al., 2011;
Quirk, 2019), and also giving consideration to technology
shelf life of about 5 years, the time frame given for the
implementation of key BIM guidelines in UK (Adamu &
Thorpe, 2016) and global effort by public sector on BIM
adoption, BfCE only began in 2006–2010 and has since
then gathered momentum.
National or institutional mandate: National or institutional mandate is one of the identified factors responsible
for two things in the development of BfCE. First influence
was how fast this motivated the faculty in starting albeit
faster than they probably would have started. Secondly, is
the breadth of engagement. This influence is pronounced
owing to the ability of the department to involve more
than one discipline in most cases.
Industry demand: The surge in industry demand for
graduates who are knowledgeable and well-grounded
in BIM technology and processes (Deniz, 2018) has in-
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creased the sensitivity of academia towards BfCE. The
advent of BIM has brought with it new industry roles
such as BIM coordinator, BIM manager, etc. Training of
these employees is considered economical if approached
and addressed through academes such as universities
(Palomera-Arias, 2015; Palomera-Arias & Liu, 2016). To
meet industry demand, academia has in the past 5–6 years
improved BIM awareness among university students and
explored new didactics methodologies to use BIM in their
teaching. However, faculties have been admonished not to
focus teaching only on the present needs of the industry
but on fostering well rounded graduates that would both
be able to serve in the current industry and the industry of
the future (Clarke, 2012; Underwood et al., 2019).
Environmental issues: Environmental issues such as
sustainability, global warming, waste management, etc.
have enjoyed better explication through BIM environments. Faculties have actively leveraged BIM capabilities
e.g. visualisation, simulation, ability to organise data, etc.
to both illustrate and teach the students about these issues.
Accreditation requirements: Accreditation bodies and
their requirements have also impacted the level of BfCE
development and delivery approaches. Formalising BfCE
requirements is considered a forceful impetus in promoting BfCE in universities.
3.2.4. Intervening conditions
As noted above, intervening conditions were taken as referring to micro level factors. Intervening conditions identified from the cases included the following.
Resources: Resources refers to the assets that facilitate the delivery of BfCE. These include facilities such as
classrooms, design/computer studios, etc. or more technical artefacts such as hardware and software. The presence
(or absence) of these resources strongly influence faculties’
approaches to BfCE as well as what is taught.
Time coordination: The amount of time available and
its coordination is another factor influencing the BfCE
approach adopted. The limited number of weeks in any
academic calendar drives the prioritisation of what is to
be taught within the available time. Time coordination is
particularly important when collaboration between two or
more disciplines and/or institutions are involved.
Skill level: Skill levels among both faculty and students
influence the choice of didactical approaches. It was noted
that a lack of skills discouraged or reduced the level of
engagement with BfCE in some cases.
Organisational structure: Organisational structures affect the degree of autonomy that can be exercised by faculty members in modifying the curriculum and therefore
have an influence on the ease with which BfCE can be
incorporated into existing courses and curricula.
Guest lectures/External roles: The availability of guest
lecturers and external role players including mentors, especially by alumni adds to the types of approach that may
be adopted in any BfCE endeavour. These external forces

may also impel faculty members to engage in BfCE when
they share their industry experiences and express how important it is to have BIM-ready graduates.
3.2.5. Strategies
Strategies are the different approaches to BfCE that faculties adopt in response to causal conditions (the digitalisation of the construction industry) and which are influenced by both the context and by intervening conditions.
These different ways and means of teaching different engineering concepts, processes, procedures, construction
methodologies, etc. are reflected in the combinations
apparent in Table 2, i.e. teaching basis, learning foci and
delivery.

3.3. Typology of BfCE approaches
A typology of the different approaches to BfCE was derived by the authors and is presented in Table 3. Our
analysis of the cases found that all the identified BfCE approaches can be conveniently described in terms of the
level of delivery, whether it is mono- or multidisciplinary,
the scope of the offering and whether one or more institutions are involved. The 44 cases involved 10 distinct types
of BfCE approaches but further combinations (which were
not found in the sample cases) are also potentially feasible.

3.4. Consequences
14 indicators relating to the consequences of different approaches, their advantages and disadvantages were identified. In addition, it was noted that the different approaches
to BfCE also had effects that could be categorised at a
higher level of abstraction as either meeting immediate
or short-term industry needs in terms of producing BIMready graduates who can ‘do BIM’ or meeting long-term
needs through the leveraging of BIM to create a collaborative and immersive educational environment for teaching
and learning. Table 4 illustrates the identified consequences and how they relate to the different dimensions of the
various BfCE approaches.

3.5 Selective coding
Selective coding is the final phase of the theory derivation
process where an attempt to explain and synthesize the
interactions between the different categories of the axial
coding paradigm is made in order to derive an understanding of the BfCE processes. The authors propose a
conceptual framework as shown in Figure 2.
Digitalization of the construction industry is driving
changes in construction industry needs (both short-term
needs – immediate skills requirements; and long-term
needs – reorganisation of industry and ways of working)
and in construction education. Construction education
is, on the one hand, responding to these industry needs,
e.g. through providing students with BIM awareness and
skills, and, on the other hand, it is leveraging the opportunities that arise from the digitalization of the construction
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Table 3. Typology of BfCE approaches with examples

×

×

×

×

×

×

×

×

×

×

×
×

×

×

×
×
×

×

Multiple

Single

Examples found in the literature

×

Sharag-Eldin and Nawari (2010)

×

Kim (2014); Palomera-Arias (2015); Zhang et al. (2017)

×

Pikas et al. (2013); Brioso et al. (2017); Wang and Leite (2014);
Dougherty and Kevin Parfitt (2013); Mathews (2013); Sands
et al. (2018); Shenton et al. (2014); Livingston (2008); Barham
et al. (2011); Palomera-Arias and Liu (2016); Shanbari et al.
(2016); Yi and Yun (2018)

×

Comiskey et al. (2017); Solnosky and Parfitt (2015); Wong et al.
(2011)

×

Bozoglu (2016); Zhang et al. (2018); Pikas et al. (2013); Monson
and Dossick (2014); Jin et al. (2018); Nawari et al. (2014)

×

×
×

Multiple courses /
programme
×

×

×

Institutions

×

×

×

Full course

Scope
Topic(s) within
course

Multiple

Single

Discipline

Mixed

Postgraduate

Undergraduate

Level

×

Comiskey et al. (2017)

×

Hijazi et al. (2018)

×

×

Wang and Leite (2014); Suwal and Singh (2018); Sampaio
(2015); Pikas et al. (2013); Nassar (2012)

×

×

Bozoglu (2016); Charlesraj et al. (2015); Pikas et al. (2013);
Shanbari et al. (2016)

×

×

Wu and Hyatt (2016); Lewis et al. (2015); Hu (2019)

×

×

×

×

×

×

×

Chiuini et al. (2013); Rassati et al. (2010); Leite (2016)
×

Becerik-Gerber et al. (2012); Zhao et al. (2015)

Table 4. Consequences of adopting different BfCE approaches

11
12
13
14

Low
Low

Low

Low High

Low High

Low
Low
Low
Low
Low
High Low
High
High Low
High Low
Low

High

Low

High

Low

High

Low
Low

Multiple

Single

Multiple
courses /
program

Institutions

Full course

Topic(s) within
course

Scope

Low High Low High
High Lower High
Low Low Low Low
Low High
Low

Low

Multiple

Need for approval from higher authorities
Time coordination difficulty
Previous BIM knowledge requirement
Investment in hardware and software
Need for mentors
Need for more than one faculty member
Suitability for teaching engineering concepts
Requirement for BIM mandate
Requirement for change in curriculum
Promotion of self-learning
Suitability for imparting a wide array of BIM
concepts and ideas
Promotion of interdisciplinary learning /
communication / collaboration
Time limitations
Promotion of communication skills in students

Single

1
2
3
4
5
6
7
8
9
10

Mixed

Consequences

Disciplines
Postgraduate

ID#

Undergraduate

Level

High
High
High
High
Low
High
High
High

High
High
Higher
Higher
Higher
Higher
Lower
Higher
Higher
Higher

Low

High
Higher
Low
Low
High Higher
High Higher
High Higher
High
High

Higher
Higher

Low

High

Higher

High

Higher

Low

High

Higher

High

Higher

High Low
Low High

Lower
Higher
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Digitalization of the
construction industry

Drives changes
in industry needs

All BfCE approaches satisfy
(short- and long-term)
industry needs but the degree
to which they do so and their
specific consequences differ

Construction industry needs
(short-term and long-term)

Drives new opportunities
to enhance construction
education

Responds to
industry needs

Construction
education

Realized through

BfCE
approaches

Approach-specific
consequences

Inform approach selection

Contextual
and intervening
conditions
All BfCE approaches potentially enhance construction education

Figure 2. BfCE conceptual framework

industry to enhance construction education, e.g. opportunities for improved integration of curricula both within
and between disciplines, closer correspondence of the
teaching and industry environments through using real
project data, etc. in the form of BIM-enabled education.
The changes to construction education are manifesting
as different BfCE approaches which are enabled and constrained by contextual conditions (at the macro and meso
levels) and intervening conditions (at the micro level) and
these affect the selection of different BfCE approaches in
any particular case.
All the different BfCE approaches are intended to
satisfy the construction industry needs (both short-term
needs and long-term needs) and to enhance construction
education but they achieve these aims in differing degrees
in accordance with their consequences.

Conclusions
This study set out to systematically synthesise extant cases
of BIM implementation in universities’ AEC-FM disciplines. A general awareness of the need to find and implement new strategies of educating professionals in the
AEC-FM disciplines was found. This has been informed
by recent changes in the digitalisation of the construction
industry which are affecting the ways of working in the
construction industry as well as giving rise to educational
opportunities which could be useful in fostering graduates
who would not just serve the short-term but also the longterm needs of the construction industry.
Universities are responding to these challenges with
a diverse range of BfCE approaches which this study has
recorded – going from a topical level to a whole curriculum level, with collaboration extending to multiple disci-

plines involving many institutions at the same time. As
wide as the level of engagement so is the diversity in the
topics focused upon under different circumstances – from
the elementary introduction of BIM to more advanced
conceptual teaching in a virtual BIM environment. The
formalisation of these approaches and the contextual and
intervening conditions that support them can assist in decision making for BIM for construction education implementation in universities.
In this study, a Grounded Theory (GT) approach,
specifically, a Straussian Theory Model (STM) has been
adopted to identify and define the different BfCE approaches reported in the literature, the contextual and
intervening conditions which give rise to them and their
consequences and to develop a conceptual framework
which sets out the relationships between these and the
digitalisation of the construction industry. In addition, we
have derived a descriptive typology that depicts all possible BfCE approaches.
The implications of this study for current practice include the formalisation of the processual activities of most
(if not all) current BfCE approaches in AEC-FM education. Apart from course design, the number of disciplines
and institutions involved in categorising the approaches as
considered by previous authors, this study has taken account of the human elements underlining these approaches along with the causes, contextual and intervening conditions that influence approach choice and their attendant
consequences. This can assist construction educators to
understand and determine suitable approaches for either
starting or extending their current teaching practice and
to conceptualise new approaches that have yet to be tried
and reported.
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With this understanding of BfCE approaches and processes, future studies will be geared towards the development and implementation of a pilot BfCE intervention
within an action research framework. To enable this, we
need to further investigate:
1. Specific university microenvironments including the
one in which the pilot BfCE intervention will take
place, their associated contextual and intervening
conditions and how these shape BfCE approaches;
2. The mechanisms by which different BfCE approaches respond to perceived industry needs and how
they are thought to enhance construction education.
This study is limited to peer reviewed journal articles and conference proceedings and searches conducted
on only a few databases. We acknowledge that other approaches that may exist in other sources could have been
omitted or unaccounted for in this study.
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