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Abstract — This paper discusses Building Information Modelling (BIM) in relation to
proposing design science as a methodology for BIM research. The paper firstly outlines how
BIM is changing construction work practices to a more collaborative and integrated set of
procedures, facilitated through the application of modelling technologies. The use of
traditional research methods for BIM research in the context of developing and subsequently
evaluating a BIM process or technology is then questioned. The premise of this rationale is
that BIM revolves around new practices and emerging technologies that propose to provide
efficiency in delivering constructed assets in the built environment. Traditional academic
research methods tend to focus on existing reality, which seeks to explain the existence of
phenomenon in the built environment. However, BIM focuses on a new reality through a
change in current work practices, thus, a methodology which facilitates an evaluation of this
new reality is necessary. A practical approach to research is discussed whereby there is more
participation in the research process by the researcher. Design science is a research
methodology, which emanates from a practical research philosophy and outlines a
formulated process for developing and evaluating a BIM technology or practice. This paper
presents a four staged process to design sciences that could be implemented when developing

and evaluating a BIM artifact.

Keywords — BIM, building information modelling, design science, artifact, methodology

I INTRODUCTION

This paper describes how BIM is a new approach to
construction procurement and a new way of working
for construction stakeholders facilitated through
virtual technologies [1, 3]. Traditional academic
research focuses on describing phenomena in
existing reality rather than prescribing a solution that
could change this reality [4]. BIM is a different way
of thinking, a cultural change and a new
approach/transformation to project delivery [3], thus
it requires a research design which can facilitate the
proposal and evaluation of this new way of working.
If BIM research entails developing a new BIM
solution, be it through a process or technological
change, a practical research design that enables the
researcher to develop the BIM solution and then to
evaluate it will be necessary. A practical research
design known as ‘design science’ is discussed and is

proposed here as a relevant methodology to carry out
BIM research. Design science outlines a cyclical
development and evaluation process which can
firstly outline an issue in the built environment;
propose that a new process or technology could
solve this issue and subsequently evaluate if the new
solution is successful for its intended users and in its
intended environment [5-7].

IT BIM

BIM has the potential to develop the way
industry stakeholders look at the whole building
process from the initial design brief through
construction and into the operational phase of the
building [3, 8]. Fung, Salleh & Rahim [2] state this
entails a change from traditional 2D working
methods to one that promotes collaboration and
integration across the construction supply chain.
Eastman et al. [1] point out that BIM is an associated
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set of procedures that have communication and
information management at its core, facilitated with
the application of modelling technologies.

Smith [9] and Taylor & Bailey [3] contend that
BIM does not simply involve technology/software
but rather a different way of thinking, a cultural
change and a new approach to project delivery. BIM
brings together participants in a collaborative,
cooperative and proactive manner around a common
source of information [10]. The focus on the model
and modelling technology provide the means
whereby there is a smooth flow of information
throughout the design and construction life cycle,
facilitating simultaneous work by multiple design
disciplines on common platforms; whereby
participants can share work seamlessly [9, 11, 12].
Thus, BIM is both a process focused on information
management among participants of the project and a
technology representing a digital model, where
information about the project can be stored and
transferred [11, 13].

Developments in BIM revolve around an
innovative  technology and the information
management process and cultural change that
emanate from this new way of working and
transformation. Research in BIM can entail a
technological development or new piece of software
and a methodology is needed to evaluate whether
this new development is usable and can affect
change in the environment to which it is introduced.
Traditional academic research methods deal with the
description of an existing phenomena rather than the
prescription of a new one, thus, a non-traditional
research approach rooted in an applied philosophy is
needed [4].

In the context of BIM research, a research
approach is required that can be utilised to validate
the technological change or process change to the
BIM workflow. This paper presents an alternative
methodology to traditional research strategies that
allows researchers carrying out BIM research to
develop and subsequently evaluate a solution to a
fieldwork problem that could be addressed by BIM.

IIT RESEARCH PHILOSOPHY

Ontological arguments have revolved around
whether ‘reality’ is external to individual influence
and thought and is not dependent on the views or
actions of the observer (‘realism’), or whether the
cognitive process is part of the knowledge equation,
(‘nominalism’) [14]. It is necessary to discuss the
essence of ontological assumptions  when
researching a specific discipline such as BIM,
because these assumptions shape how knowledge is
perceived and thus how it is obtained in that
discipline [15].

Dawood & Underwood [16] state the failure of
a great deal of research arises from the researcher
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not firstly understanding their own philosophical
assumptions. Cohen et al. [14] state that one of the
reasons for this is that researchers automatically
orientate themselves to a ‘realist’ view of the world
because of its traditional dominance in scientific
research, even if their research may be better served
by a ‘nominalist’ approach [17, 18]. This issue can
be observed in the built environment where
quantitative research is the prevalent methodology
[19].

Once the researcher understands the deeper
discussion of reality (ontology), they can go about
discovering the nature of it (i.e. epistemology) [15].
Any researcher undertaking research will need to
convincingly argue how their research contributes to
knowledge in a given field [15, 19, 20].
Epistemology deals with the nature of this
knowledge and a firm understanding of how others
in your field acquired their knowledge is necessary if
you are to build upon it [21].

A ‘positivist’  epistemological  position
emanates from a realist ontological approach and is
the prevailing research philosophy in built
environment research [19]. Positivism as outlined in
Fellows & Liu [22] and Suanders & Tosey [15]
recognise only objects and patterns which can be
observed and measured by an observer who remains
uninfluenced by the observation and measurement.
However, is this philosophy the most appropriate
approach for research in BIM where proposing a
new technology or different way of working may
involve participation by the researcher in the
research process?

Chynoweth [17] states that the built
environment academic interdicipline and practices
within the construction industry are based on
relationships, multidiciplinary = processes  and
artificial constructs. BIM is particularly applicable to
this ideology as it is an associated set of procedures
across the multidiscipline spectrum of the
construction supply chain, facilitated with the
application of modelling technologies [1]. Fellows &
Liu [22] state that understanding in the built
environment 1is better facilitated through an
‘interpretative’ approach, which “reveals truth and
reality through determining the perspectives of the
participants in the process”. This is important from a
BIM perspective because BIM brings together
participants in a collaborative, cooperative and
proactive manner through a common source of
information [10] thus, ‘truth and reality’ of these
relationships could not be revealed without some
element of social research. However, in BIM,
researchers may not be purely concerned with a
descriptive interpretive approach which seeks to
explain the existence of a phenomenon. They may
wish to create new knowledge through the
development of a modelling technology, which will
require a more practical research approach that can
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facilitate, firstly, the development of the new process
or technology and then a means to evaluate its
effectiveness. Explaining a problem in the built
environment through descriptive research is only
part of the research equation for BIM researchers. A
research design is necessary that can account for a
successful solution to the problem [4].

Voordijk [6] states there are a number of other
epistemologies that expand the methodological base
in favour of alternative more practical approaches.
Notable epistemological positions in the context of
practical research are outlined by Creswell [20, 23]
as ‘advocacy/participatory’ and ‘pragmatism’.
Creswell [23] proposes that researchers who hold
these worldviews feel that positivism and
interpretivism do not entirely fit with the goals of
their research.

Creswell [23] outlines that an
advocacy/participation  position maintains that
research should contain an action agenda for reform,
that may change the lives of the participants. Robson
[24] states that pragmatism focuses on “what
works”, combining elements of different methods
from philosophical positions. However, in
pragmatism the researcher is not aligned to one
system of philosophy but rather uses multiple
methods to best answer the research question [23].

Advocacy/participatory and  pragmatism
resonate with respect to BIM research because
traditional approaches tend to study phenomena that
have already occurred [25], while developments in
BIM create a new reality in a practical setting. Thus,
an alternative practical approach to BIM research is
worthy of consideration and these philosophies offer
a route to develop solutions to fieldwork problems.

IV RELEVANCE OF ACADEMIC RESEARCH IN
PRACTICE

Van Aken [4] and Susman and Evered [26]
agree that there is a disconnection between academic
research and their practical application. They state
that this issue is rooted in the widening gap between
sophisticated and complicated research methods in
academia and the need for a quick solution in
industry. Barrett & Barrett [27] explain that
academics spend much of their time paying homage
to research methodology, carrying out protracted
research and writing up detailed and extensive
reports. Barrett and Barrett [27] state that industry is
impatient with this type of lengthy research and
there is a desire for short solution orientated guides
that are easily implemented into practice.

Van Aken [4] outlines an approach to improve
the relevance of academic research. She advocates
the use of Gibbons et al. [28] ‘mode 2 research
products’, which she states, provides a framework
for relevant academic research for practice. The
difference between mode 1 and mode 2 research

products outlined by Kelemen & Bansal [29] and
Voordijk [6] is that mode 1 follows traditional
research practices in universities, where problems
are defined by the intellectual interests and
preoccupations of academics. In contrast, they
outline that mode 2 research is driven by the
practical applicability of knowledge which is
outlined by issues that emerge in industry, in
research  centres, think-tanks, consultancies,
government agencies, laboratories and companies.

Voordijk [6] states that mode 2 knowledge “is
less concerned with discipline base but crucially
concerned with knowledge as it works in practice in
the context of application”. Aram & Salipante, Jr.
[30] state that mode 2 knowledge production “results
from a convergence of specialised disciplines often
working in different institutions in the context of a
defined problem”. If this statement is true, mode 2
knowledge production may work well in finding
solutions to issues in the built environment inter-
discipline through a more integrated approach
between disciplines. It may also provide a means
where “practice in the context of application” [6]
can be assessed and new knowledge presented as a
validated solution.

V DESIGN SCIENCES

An applicable use of mode 2 research is the
approach of ‘design science’, which Van Aken [4]
outlines as a core mission “to develop knowledge
that can be used by professionals in the field to
design solutions to their field problems”. Kuechler &
Vaishnavi [31] state that design science is gaining
prominence as an appropriate research method
which can improve the relevance of academic
research for practical use. Van Aken [4] and Hevner
et al. [7] outline design science as a solution
orientated research strategy with a focus on
developing knowledge that can be wused by
professionals in practical contexts. Voordijk [6] also
proposes that design science is a knowledge creating
activity that corresponds to prescriptive research
which he states has a focus on improving aspects of
the built environment rather than a descriptive
strategy which just explains phenomena in the built
environment.

Johannenson & Perjons [5] state in design
science a ‘solution’ to a field problem takes the form
of what is known as an artificial construct
(‘artifact’), “which they describe as an artificial
object made by humans to solve practical problems”.
Johannenson & Perjons [5] explain that artifacts are
either physical entities (such as a hammer, a car or a
hip-replacement) or they can be drawings, a set of
guidelines or an ICT solution. Following this
principle a BIM technology (ICT application) could
be classified in design science as an ‘artifact’.
Herver et al. [7] cautions that an artifact is more
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likely to be an idea, practice or partial product rather
than a fully realised ready for business ICT solution
and thus this is where the difference lies between an
artifact and a piece of software.

Applying this principle to research in BIM, the
research would not necessarily have to constitute a
fully developed BIM interface but rather what Van
Aken [4] describes as a ‘technological rule’, which
outlines the procedures and workings of the
proposed idea or partial system [7]. From this
perspective it is a good fit for BIM academic
research where the idea could be proposed by a
researcher and possibly be implemented by a
software vendor in the future.

Johannenson & Perjons [5] and March & Smith
[32] state that the research output in design science
is not just the artifact itself, but also the affect the
artifact has on the environment to which it has been
introduced. This is what makes design science more
than a usability evaluation of software, where the
methodology facilitates introducing the artifact in
the work environment or presenting it to potential
users. This aligns with an interpretative approach
where a new ‘reality is revealed through
determining the perspectives of the participants”
[22] by exposing them to the artifact.

Hevner et al. [7] states that when carrying out
design science research it is important that the
process is well defined and articulated, so that if the
researcher is interested in developing a ‘means to an
end’, ‘a solution’, that there is an explicit phased
process to its development and evaluation.

Holmstrom et al. [33], Hervner et al. [7],
March & Smith [32], Johannenson & Perjons [5] and
Azhar et al. [25] all articulate similar frameworks,
albeit using different terminology (Figure 1). These
strategies outline four common phases; (a)
diagnosing a problem; (b) proposing (developing) a
solution; (c) implementing the solution & evaluating
the process in action; and (d) specifying learning.

The following headings address in more detail
the stages outlined in design sciences and comment
on the similarities outlined by publications in the
field.

Know ledge Process
Flows Steps

Ouwputs

——> Awarenessof | Proposal |
ey Problem H
0 |
Suggestion

Cutw wag tan F_ R
s Develop ment Artifaet

€ Evalation Performance measures
* Dperwan wnd
Gend Brevdutss 4
e
Conclusion Results

Figure 1: General methodology of Design Science
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a) Diagnosing the problem

Johannenson & Perjons [5] state that the starting
point for the design science researcher is that
“something is not quite right with the world and it
has to be changed’. Holmstrom et al. [33] outline
the first phase of design science is to address what is
wrong, by “diagnosing the primary research
problem”.

Johannenson & Perjons [5] suggest that there
may be a need to carry out primary research at this
phase to investigate and determine the nature and
prevalence of the problem. Alternatively, Azhar et
al. [25] state that the research issue could involve
self-interpretation through reflection or an initial
literature review. Hevner et al. [7] also explains that
diagnosing the problem can be achieved through the
existing knowledge base by reviewing literature in
the field such as academic papers, practice-based
publications and industry reports. It may be the case,
that the problem has been well reported and
published but that a solution has not been addressed.
An applicable example in BIM research is an
investigation into current work practices where an
issue is identified which could be made more
efficient by a BIM approach to project delivery.
Alternatively, a BIM technology (artifact) could be
utilised to automate a process that is complex and
long-winded in traditional 2D practices.

b) Proposing (developing a solution concept — ‘the
artifact’)

Voordijk [6] and Hervner et al. [7] propose the
second step is to develop the ‘technological rule’
(artifact) which will address the practical problem.
Hevner et al. [7] state that designing and building
this artifact is the process of constructing a solution
concept (method or system) for a specific purpose.
Constructing a technological solution in design
science demonstrates that the process can be
automated and enables a change in current work
practices [7]. For the solution to be relevant from an
academic perspective the process to develop the
artifact must be transparent. This requires an
explanation of the development process and the
decisions that were made as the artifact evolved.

Johannenson & Perjons [5] outline that the
requirements to develop an artifact are evidenced
from the initial activity of diagnosing a problem.
Johannenson & Perjons [5] and Hevner et al. [7]
propose that the development must be carried out in
a cyclical process of generation, reflection and
change. The theoretical context of this process in
design science is what Schon [34] and Kolb’s [35]
outline as ‘reflective practice’. The development
process of the artifact should be rooted in a
formulated approach which is conscious of this
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grounding, thus a cyclical process of reflection and
action is embedded in design science [4, 6, 7]. This
cyclical process is required where the artifact needs
to be developed through what Azhar et al. [25] calls
self-interpretation. This is a speculative process,
proposing a solution that the researcher believes will
work prior to any validation by the users [5, 6]. This
is not a methodology in itself but a practice that is
utilised through this stage of the research prior to
implementing the developed solution in action
(workplace or simulated workplace). In proposing a
BIM technology as a solution to a field problem, the
researcher would need to not only outline the
developed artifact, but how this artifact was
developed and the reflective process/decisions made
when developing the final solution. This is outlining
the ‘technological rule’ behind the artifact. This
process should give rise to a number of different
demonstrated iterations as the solution/technology
evolves.

¢) Implementing the solution and evaluating in
action

Sagor [36] stresses that this is where it must be
determined what is accomplished by the change and
to carry this out a mechanism for evaluation must be
proposed. The utility, quality and efficiency of an
artifact must be rigorously demonstrated via well
executed evaluation methods [7]. Evaluation
requires some way of determining how successful
the proposed change is in its environment or
simulated environment [5, 7].

Voordijk [37] states that evaluation should start
with the development of measurers and criteria
which represent the goals of the process, the
artifact’s performance is subsequently evaluated
against these criteria. Voordijk [37] states that the
criteria are based on the ability to perform the
intended task, the ability of actors and organisations
to effectively use the method, its efficiency, its
effectiveness, its ease of use and its impact on the
work environment and its users. Nielsen [38] and
Faulkner [39] outline these criteria as the ‘goals’ of
the process which are determined by the system’s
usability.

Voordijk [6] states that methods used to carry
out evaluation can be interviews, surveys, case
studies and simulation (through empirical testing)
with the intended users. Holmstrom et al. [33] and
Johannenson & Perjons [5] state that one of the best
evaluation methods is empirical evaluation. Through
empirical evaluation the artifact can be evaluated to
validate that it actually works for its intended users
and in its intended environment. Nielsen [38] states
that empirical evaluation can be carried out by
simulating the process in a lab environment or
evaluating the artifact in-use, in the workplace.

Other than stating that empirical evaluation can be
used as a method in design science, there is little in
design science publications that propose a
formulated approach to empirical evaluation. Thus,
usability evaluation procedures utilised in software
development were investigated to determine if they
could be used as an approach to evaluate the design
science artifact.

Schneiderman & Plaisant [40] state that design
science pays attention to the affect human factors
have on computer systems and the affect computer
systems have on the user. The concept of Usability
Engineering (UE) is an empirical evaluation tool
which endeavours to addresses the usability of a
system by proposing a process which ensures that
the system is fit for purpose for which it was
designed [38, 39]. Nielsen [38] and Faulkner [39]
outline what they call a ‘UE life cycle’ which starts
with the evaluation of the user and the task that they
will be carrying out and continues on through an
iterative process of reflection, change and
assessment. The formulated UE life cycle outlined
by Faulkner and Nielsen is cognisant of the
theoretical ~ grounding in  design  science
methodology, where the process is iterative and
includes adherence to a design, evaluation and a
redesign cycle.

Assessing a technological solution through
usability evaluation is at the centre of the UE life
cycle. The method that is proposed in this paper to
evaluate a BIM artifact is a usability evaluation
method known as Thinking Aloud (TA) [38, 41, 42].
The TA method has a number of variants prescribed
on the basis of the designer’s interaction with the
user [43]. A TA process that involves greater
interaction between the researcher and the user is
‘cooperative evaluation’. ‘TA  cooperative
evaluation’ combines empirical usability evaluation
with a qualitative research design by integrating
interview type questions into the traditional TA
method.  This method involves interaction and
collaboration, where the user and the evaluator can
both ask questions while using the artifact, but it also
involves the evaluator steering the participant in the
right direction while using the system or process
[42].

The TA method is specifically suitable for BIM
research as participants using a proposed new BIM
interface may not have utilised a similar technology
previously and thus will need to be guided on what
to do. The objectives regarding the evaluation do not
just specifically relate to the BIM product but also
include questions on the overarching process of
utilising a BIM approach and how this approach
could provide efficiencies in their work practices.
Thus the method is both a usability evaluation and a
research interview.

d) Specify Learning
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Johannenson & Perjons [5] and March & Smith
[32] state that the research output in design science
is not just the artifact, but also the affect the artifact
has on the environment to which it has been
introduced. This would instigate a process in BIM
research that would entail evaluating a new BIM
process or technology but also its ability to affect
change and improve practice in a work setting.
Herver et al. [7] notes that design science research
should contribute to knowledge by applying
knowledge in a new or innovative way. They state
that this can be achieved on a number of fronts; the
artifact/technology itself is demonstrated as a new
and innovative product; an existing product is used
to solve a practical problem in a different context to
which it was designed; the research process can be
defined as a ‘general rule’ that could be applied to a
different problem and another situation and that the
process and the artifact can affect change in its
environment.

BIM research has the potential to satisfy a
number of these criteria. The research may develop a
new innovative technology to solve a practical
problem or it may constitute an existing technology
that is utilised in a manner it was not originally
designed for. This gives researchers the potential to
design their own solutions or work with existing
ideas or technologies in an innovative way. What
must be common to both approaches is that the
artifact must be evaluated so that its ability to affect
change within the environment it has been
implemented can be addressed.

VI CONCLUSIONS

This paper outlines a research methodology known
as design science and proposes it as a relevant
research strategy for research in BIM. Design
science emanates from an advocacy/participatory
epistemology which resonate with researchers
looking to participate in the research process with a
view to affect change in a practical setting. Design
science proposes a cyclical process of development
and evaluation, where learning is specified though
the development and evaluation of what is outlined
in design science as a ‘technological rule’. It is noted
that the technological rule does not have to be a fully
operational piece of software but can be a concept
that could be engrained in an existing platform or
used to develop a new working interface. This is
applicable to researchers whom wish to present
innovative BIM solutions and evaluate them in a
work setting. A formulated research process is
presented that provides an outline framework for
potential BIM researchers following a design science
methodology.
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