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ABSTRACT
Design Science as a research method offers the researcher a viable way of improving the outcome
of research for both the researcher and the researched. In Construction and Engineering there is
almost always the intention to better understand and then improve processes, materials or
outcomes. Using two case studies of research adopting Design Science, one in Engineering and
one in Construction, the advantages of the use of Design Science as the research method are
highlighted. The desire to improve construction and engineering through a better
understanding of “practical wisdom” or domain expertise through use of the concept of
phronesis enables the researcher to build solutions that reflect the practices and processes
practitioners actually need, enhancing their own knowledge through the collaborative research
process and enabling the researcher to better reflect on what the research produced.
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Introduction

Technical research such as in Construction and Engin-
eering where research projects aim to produce tangible
outcomes such as artefacts, products, new processes,
models and software solutions to solve specific problems
often requires collaboration between researcher and
practitioners (users) (Sohaib and Khan, 2010; Maslach
et al., 2012). The development of solutions to practice
problems, as a research process, requires not only design
thinking, but also design theory and a systematic design
process approach within a recognized research para-
digm, like Design Science. Although the strengths of
Design Science, design thinking and co-design theory
have been acknowledged in the literature over decades,
the common problems faced in the development of
many solutions is that the researcher(s), who come to
design such solutions, and the domain expert (who the
solutions are built for) often focus on different sides of
practice. We argue here that they can be brought
together advantageously in a research framework.

In seminal articles about Design Science, Gregor and
Hevner (2013, 2015) and focus on the “what” and the
“how” of projects using Design Science as a means to
understand researchers’ engagement with practitioners.
There is, however, also a growing critical voice demand-
ing a more reflective account of engagement with prac-
titioners (Bensimon, 2007). Specifically, authors like
Flyvbjerg (2006), Flyvbjerg et al. (2012) and Kinsella
and Pitman (2012) have highlighted the importance of

“phronesis” (practical wisdom/domain expertise), and
the need to dismantle the divide between the researcher
and the researched (practitioners), so that the prac-
titioners can critically become co-researchers in the
field. This demand of research reflects on asking “why”
what was observed or learned happened, why this knowl-
edge is/was important and therefore why the research
was undertaken. Traditionally Design Science addressed
only the “what” and “how” and rarely the “why”.

Two research projects which demonstrate “where the
action is”, what needed to be improved and why, how
that was achieved and how effective it was when adopted
are used here to show what can be achieved through a
phronetic approach to research using a novel combi-
nation of design thinking, co-design theory and Design
Science research methodology. The focus here is not
on the outcomes of the research but on the research pro-
cess itself as a novel method to embed the researcher into
engaging with the practical wisdom of the practitioner
either directly or indirectly. In the first case study project
Design Science and co-design theory framed the devel-
opment of a collaborative solution to knowledge loss
in a company constructing engineering products to
resolve two problems, (1) loss of expert knowledge and
experience through personnel leaving the company and
(2) to improve the make-span, time-to-market, element
of the product design and production process; the
other project/case study used Design Science to develop
and then evaluate a building information modeling
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(BIM)-Enabled Code Checking System within the build-
ing design process for architects and building certifiers to
improve the efficiency of a building design compliance
checking process.

Design and phronesis – adding to the
research context

Typically in Construction Management and Engineering
research, collaboration between researchers and prac-
titioners, research has been grounded in applications of
technology such as BIM (Porwal and Hewage, 2013;
Sacks and Pikas, 2013) or from the perspective of IT-sup-
ported collaborative work (Xue et al., 2012), or from a
lack of cohesion in project management processes (Ful-
ford and Standing, 2014), or from inadequacies in global
project teams (Hosseini and Chileshe, 2013) and the
advantages of using Model-Driven Engineering (Briand
et al., 2012). This research and much of the research
cited displayed little attention to the role of design think-
ing as part of the collaboration process and almost uni-
versal non-recognition of the value of reflection within
the development and implementation of projects.

Design thinking is “a discipline that uses the
designer’s sensibility and methods to match people’s
needs with what is technologically feasible and with
what a viable business strategy can convert into customer
value and market opportunity” (Brown, 2008, p. 2).
Design thinking practice is not limited to only practice
where objects are produced that reflect design outcomes.
Design thinking is for all designers to share a place of
invention and reconsideration of problems and sol-
utions, which can be symbolic and visual communi-
cation, material objects, activities and organized
services and complex systems (Buchanan, 1992). Design
thinking is also defined as “an analytic and creative pro-
cess that engages a person in opportunities to exper-
iment, create and prototype models, gather feedback,
and redesign” (Razzouk and Shute, 2012, p. 330). Design
thinking is still expanding in terms of meanings and con-
nections in practice and understanding (Cross, 2011;
Dorst, 2011; Kimbell, 2011). Design thinking has
grown from “a trade activity to a segmented profession
to a field for technical research and to what now should
be recognised as a liberal art of technological culture”
(Buchanan, 1992, p. 5). Rowe (1987) and Brown (2009)
argue that design collaboration informs researchers’
desires to improve the outcomes and relevance of their
research (Norman and Verganti, 2014), including engin-
eering (Dym et al., 2005). However it can be argued
further that design thinking and collaboration alone do
not address all that is reflected in design outcomes.
Rather there also needs to be attention paid to the

iterative processes of practice-reflection-practice which
in other practice disciplines has been shown in Action
Research to produce improved outcomes for both the
research and the practitioner (Colucci-Gray et al.,
2013; Kidd et al., 2014). In construction both Connaugh-
ton and Weller (2013) and Azhar (2016) have shown
similar positive effects of applications of this cycle. How-
ever, there is still a lack of attention to how this practice-
reflection-practice cycle can better inform the research
process and the practitioner simultaneously through
understanding the knowledge that is obtained and the
subsequent wisdom that is created for both the prac-
titioner and the researcher. It is argued here that introdu-
cing Phronesis, as a means to understand knowledge and
wisdom, can fill this gap.

Phronesis is embedded in the Aristotlian view of prac-
tical wisdom. Frank (2012, p. 57) calls for practitioners to
“reflect enough that maybe, eventually, a kind of practi-
cal wisdom will develop that can never be fully articu-
lated… but can be felt as a guiding force”. Hibbert
(2013) is concerned with the increasing routinized and
instrumentalized contexts of professional practice
where educators disseminate information, reproduce
the routines and instrumentality and practitioners
receive training. What is apparent in the arguments of
Flyvbjerg (2006), Flyvbjerg et al. (2012), Kinsella and Pit-
man (2012), Frank (2012), Hibbert (2013) and Antona-
copoulou (2010a, 2010b) is the need for there to be
opportunities for reflection so that practice can be eval-
uated and then shared so that knowledge grows and col-
laboration of knowledge emerges. This is their practiced
wisdom. Flyvbjerg (2006, p. 370) argues we need this
phronesis or practical wisdom by engaging in an inter-
action between the researcher and practitioner, “some-
times to clarify, sometimes to intervene, and
sometimes to generate new perspectives…”. Kinsella
and Pittman (2012) argue that the application of phron-
esis will enable better judgements and inform prac-
titioner action. Frank (2012) espouses a view that
reflection offers the practitioner a means of interruption
to their normal practice and invites them to “witness”
what they are doing. These authors all argue that without
the attainment of practical wisdom through engagement
of the researcher with the practitioner, we achieve too lit-
tle and do not arrive at research that matters.

In a similar way co-design theory posits that a tra-
ditional research method of the researcher remaining
outside of practice and being “the observer” is replaced
by co-design, collaboration and iterative evaluation of
solutions to problems identified by practitioners (San-
ders and Stappers, 2008) with the intent that those
who the solutions are developed for or who have been
the focus of research will use the outcomes in their
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practice (Payne et al., 2008). However, such co-designed
solutions and outcomes are difficult because they need to
include all stakeholders and their various roles and their
respective knowledge domains. Construction and Engin-
eering projects are very complex and involved both
extended time frames, multiple and changing stake-
holder influences, changing attention to different pro-
fessional knowledge domains and complex interactions
in and with the built and social environments in which
they are situated. The more complex a design problem,
the more knowledge that is needed to create the solution
and this is more than one person can process (Fisher,
2004). Therefore, collaboration is essential. There is a
clear need for the development of “practical wisdom”
and shared development of practice and research.

Practitioners being researchers need to be more than
informants (Sanders and Stappers, 2008). Practitioners
can create or increase value of the solutions being created
(Spohrer and Maglio, 2008; Vargo et al., 2008) as the sol-
utions are specifically articulated and developed to suit
the real needs of those practitioners (Szebeko and Tan,
2010). So et al. (2010) and Svihla (2010) argue that
such a knowledge-building environment, or what others
above term phronesis, requires both that the knowledge
exists and is clearly understood. We argue here, then,
that significant value (business, practice, research) can
be created when collaborations of design and practice
between researchers and practitioners happen. Since
practitioners are an integral part of the research they
can benefit from the knowledge created and the
researcher emerges with better understanding of real

practices and it becomes part of their own practice of
research as part of the collaboration. However, theory
and philosophy alone, and a desire to engage in collabor-
ation and phronesis are insufficient for research. There is
a need for an accepted formal structure or paradigm in
which to situate the research itself, and give an acceptable
frame of reference through theory to the research out-
comes. One way this can be done is within the Design
Science research paradigm.

Design Science is a formal research method developed
to incorporate the rigour of research as science, with con-
temporaneous design thinking. Design Science is “a body
of intellectually tough, analytic, partly formalisable,
partly empirical, teachable doctrine about the design
process” (Simon, 1988, p. 68), which Gregor and Hevner
(2015) argue enables research to become the “front-end
of innovation”. Construction is driven by both scientific
and design principles and therefore is a relevant research
domain for Design Science application (Dave and Kos-
kela, 2009; Voordijk, 2009). Design Science is a research
paradigm that enables the researcher to engage the
researched and build models, solutions and artefacts
applicable in the research context (Markus et al., 2002;
Hevner et al., 2004; Gregor and Jones, 2007; Arnott
and Pervan, 2010; McKay et al., 2010; Bichler, 2014;
Heusinger, 2014; Myers and Venable, 2014; Richey and
Klein, 2014; Venable et al., 2014). “The fundamental
principle of Design Science research is that knowledge
and understanding of a design problem and its solution
are acquired in the building and application of an arte-
fact” (Hevner and Chatterjee, 2010, p. 5) and, we
would argue, also in development of solutions, processes
and models.

Design Science is built on a set of principles (Hevner
et al., 2004; Arnott and Pervan, 2010; Baskerville et al.,
2015) which provide the formal framework that validates
the Design Science method for research:

. a viable artefact/process/model/solution/process has
to be developed (this artefact can be a construct, a
model, a method or the operational realization of an
artefact);

. the problem has to be relevant to the production of
new knowledge from design and development;

. the design has to be evaluated for utility, quality and
efficacy through use of formal methods, ethnogra-
phies (Baskerville and Myers, 2015), statistical analy-
sis or narrative analysis; and

. the research has to make a significant contribution
and be rigorous, based on an iterative research pro-
cess, to enable the product to be readily understood
and able to be used by both technicians or prac-
titioners or professionals and management.

Table 1. Design Science research guiding principles.
Guiding principles Description

Design as an artefact, process,
method, model

Design Science research must produce a
viable product in the form of a construct, a
model, a method or an instantiation.

Problem relevance The objective of Design Science research is
to develop technology-based solutions to
important and relevant problems.

Design evaluation The utility, quality and efficacy of a design
artefact must be rigorously demonstrated
via well-executed evaluation methods.

Research contributions Effective Design Science research must
provide clear and verifiable contributions
in the areas of the design artefact, design
foundations, models and/or design
methodologies.

Research rigour Design Science research relies upon the
application of rigorous methods in both
the construction and evaluation of the
research product.

Design as a search process The search for an effective product requires
utilizing available means to reach desired
ends while satisfying laws in the problem
environment.

Communication of research Design Science research must be presented
effectively both to technology-oriented as
well as management-oriented audiences.

Source: Adapted from Hevner et al. (2004, p. 83).
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These principles have been developed further by the
same authors (Hevner et al., 2004; Arnott and Pervan,
2010; Baskerville et al., 2015) into a set of research prin-
ciples designed to offer a unified approach to the use of
Design Science as a research methodology (Table 1).

In essence these principles suggest that Design Science
research essentially has to answer five questions:

. What was the Research Problem?

. What theory was the research grounded in?

. What was the design thinking involved in each
research project?

. What and how were the findings, solutions or pro-
ducts developed?

. What were the challenges faced in the DS research
processes?

Design Science then can also be viewed as a collabor-
ation between the researcher and the researched; and as
one perspective of co-design and one possible way of
constructing phronesis, when the research process also
addresses the issue of why. The researcher(s) and the
practitioners co-operate and co-design the solutions to
the identified problem, whether artefact, solution, pro-
cess model, etc. (Payne et al., 2008), but in Design
Science within the methodological framework accepted
as Design Science. The Design Science method of
research offers continuity in knowledge generation and
a dynamic process of research collaboration as an
alternative to conventional quantitative research analys-
ing specific relationships or understanding explanations
of those relationships at a point in time. The process of
qualitative research often is restricted to a particular
period and is reflective of the participants’ positions at
that time. Design Science goes beyond that context. It
reflects change over time in ways similar to Action
Research (Baskerville and Wood-Harper, 1996) but dif-
fers fundamentally as Design Science incorporates
elements of qualitative and quantitative research as
part of data collection and data analysis and can incor-
porate the reflective outcomes that emerge from Action
Research as well. However, Design Science alone cannot
always address all elements in knowledge production.
Phronesis is more about asking “why”, and not just the
“what” and “how” embedded in Design Science. These
three aspects together, it can be argued, align with the
Aristotelian intellectual virtues of techne (more
WHAT), episteme (more HOW) and phronesis (more
WHY), and offer researchers a means of addressing the
needs of both practitioners and the researcher in the
research act of co-designing new products, new sol-
utions, new processes or new designs.

None of these concepts, Design Thinking, Design
Theory, Co-Design Theory or Design Science research,
is in itself novel in Construction or Engineering research.
However, taking the opportunity to bring them together
as phronesis not only offers the researchers another
means of enriching their own knowledge and practice
and extending the capabilities of their research to seek
better solutions, but it also offers the practitioners the
opportunity to reflect on their practice and engage in a
broader and deeper practiced wisdom, as both Hibbert
(2013) and Frank (2012) have argued, improving prac-
tice and impacting on construction projects as Flyvbjerg
(2006, p. 370) suggests “sometimes to clarify, sometimes
to intervene, and sometimes to generate new
perspectives”.

Case studies

The viability of using design thinking co-design theory
within the framework of Design Science research
methodology was tested in two case studies, one
where phronesis was deliberately used and one where
the focus was more one-sided oriented to the
researcher, with elements of collaboration included
through the researcher checking outcomes and con-
clusions with practitioners. The case studies were cho-
sen simply as exemplars of research using Design
Science where the author was either the researcher or
the research supervisor so that intimacy of knowledge
and review being second-hand was avoided. Ellis and
Haugan (1997) and Chan (2013) have similarly used
known contacts in undertaking research in construc-
tion and engineering. Each case study frames an engin-
eering and/or construction context and addresses
solutions to specific problems identified in the real
world through research, each developed in a theoreti-
cal context. Both projects were developed on similar
elements of design thinking, that good solutions lie
in good design and that design must be solution
based. Frank Lloyd Wright said “I believe that in the
search for the answer lies the answer” (2005). In
Case Study 1 the problem is identified with engineer-
ing professional practices co-created between the
researcher and the researched, on a “problem” ident-
ified by the researched. In Case Study 2 the problem
originated from the academic researcher and a prac-
titioner. The two case studies offer examples of differ-
ent uses of design science research and its
contextualization to frame a discussion about the
nature of Design Science research and the ways it
can be used to improve both the research output and
the nature of professional practice in construction
and engineering.
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What was the research problem?

Case 1 (Kanjanabootra 2011)

This research involved problem resolution in an Austra-
lian company that manufactures customized commercial
refrigerators. The small team of engineers was taking too
long to get new products to market and the expertise and
knowledge of the design engineers was never captured.
As a consequence the Company was vulnerable to
employees being poached by competitors and the Com-
pany’s competitive position was at risk. Additionally,
their costs were too high as design and development
took too long. The Company had been competing in
the refrigeration industry for more than two decades
and collected significant amounts of data, information
and accumulated significant unique knowledge. How-
ever, the Company had no knowledge management
strategy in place. Knowledge in the Company was kept
in a disorganized, almost chaotic form and knowledge
was rarely shared. The Company realized that this was
an important problem because they believed it was
affecting both their competitiveness and business conti-
nuity. The solution agreed between the company, rep-
resented by the engineers (the researched) and the
researcher was to utilize a co-design process of knowl-
edge design and classification, and building of a knowl-
edge management system (KMS) in collaboration,
essentially a process of phronesis, interrupting (Frank,
2012) and intervening (Flyvbjerg, 2006; Flyvbjerg et al.,
2012), in the normal engineering design processes oper-
ating the company.

Case 2 (Shih 2016)

This research project aimed to create an Information
System tool to facilitate the building certification process.
In every construction project, the project team needs to
acquire approval from the relevant authorities prior to
the construction work starting. This approval process
included building design compliance checking against
various building codes. In Australia this process has
often been carried out by building certifiers. The pro-
blems identified were: (1) that the designers (architects
and engineers) usually have only a superficial level of
knowledge of building codes and regulations, and
(2) that the building certifiers and certifying authorities
are not involved in the project during the design process
but rather late in the construction stage. These practices
make it difficult for compliant building designs to be
generated during the design process. If building designs
do not comply, it has to be rectified until the design is
complied. These limitations make the compliance

checking process troublesome for all stakeholders,
designers, engineers and owners. The aim of this
research project was to develop a BIM-enabled code
checking system where building designs can be checked
for compliance again the building codes and regulations.

What theory was the research grounded in?

Case 1 (Kanjanabootra 2011)

The research framework adopted for this research used
the Zack (1999) model, Nonaka’s (1994) Dynamic The-
ory of Organizational Knowledge Creation and the
knowledge-based theory of the firm (Grant, 1996) to
examine what happens when addressing knowledge
and strategy gaps. Traditional strategic management the-
ory focuses essentially on transaction, cost analysis (Por-
ter, 1991; Liebeskind, 1996). This approach to knowledge
argues that investment in innovation creates new knowl-
edge and the risk associated with it is reflected in the
return on that investment. However, such theory offers
no understanding of what particular strategies needed
to be put in place to assure this return. The knowl-
edge-based theory of the firm (Grant, 1996) was an
attempt to do this. This theory builds of the Resource-
based Theory of the Firm (Wernerfelt 1984; Conner,
1991; Conner and Prahalad, 1996), which argues that
the basis for competitive advantage results from the
extent and application of the resources the firm can
use. Conner and Prahalad (1996) extend that argument
to include knowledge as a key resource.

Case 2 (Shih 2016)

This research was framed in understanding of how con-
struction professionals deal with complexity and compli-
ance (Eastman et al., 2009; Khemlani, 2005).
Theoretically the research assessed how a regulatory fra-
mework affected and was affected by the design process,
grounded in the practitioner’s use of design theory.

What was the design thinking involved in
each research project?

Case 1 (Kanjanabootra 2011)

The purpose of the system development for the Com-
pany was to co-produce an outcome that could help
the Company capture their employees’ knowledge for
reuse to meet company strategic goals and resolve oper-
ational weaknesses in product development. The artefact
developed was a knowledge-based management system.

The design thinking involved the application of four
ideas. First, the design system had to be able to capture
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relevant specific domain knowledge from the engineers
and from their prototype testing process during day-
to-day tasks. The design of the system had to mimic
their methods of working and their visualizations of
the data they collected each day. Co-design bringing
the technical competence of the researcher together
with the domain competencies of the practitioners was
then essential in the design idea and its application.
Second, the developed structure of the KMS had to
also reflect the “phronesis” of the engineers. In other
words, the design thinking was that the system structure
should not change the context of domain knowledge of
the practitioner just to suit computational language. A
middle-out approach was adopted because the structure
started with the known information established in col-
laborations with the engineers and expanded to cover
new information and knowledge throughout the study.
Using the data, information and knowledge derived
from this approach cannot enable the structure to be pre-
dicted. The design thinking was that this process is
organic and grows. The third element of design thinking
was that the developed system also had to be designed in
a way that facilitated the engineers’ ability to capture
their day-to-day work knowledge at the same time as
work was done, not adding additional tasks to their
work process. Their practiced wisdom was being cap-
tured as the KMS was being simultaneously co-designed
and populated. Fourth, data captured had to enable pro-
cess mining (Weijters and van der Aalst, 2003; van der
Aalst et al., 2007) of work activities, both relevant and
irrelevant, to identify and evaluate their effects on the
design and testing processes. The intent was to develop
process models enabling the practitioners to make better
decisions about their work efficiency. The reflections of
both the researcher and the researched as part of this
process are to assess not only what and how they under-
took their job, but also why.

Case 2 (Shih 2016)

The purpose of this research was to develop a BIM-
code checking system (BIM-CCS) which enables
designers to automatically check their designs against
the existing Building Code prior to submission for
approval by authorities. Design thinking aspects in
BIM-CCS included:

First, the design thinking was for a simple, easy to use
solution in that (1): the BIM-CCS had to be developed in
a way that the existing tools (BIM) that domain experts
(designers) use can be utilized to carry out the code
checking process without creating excessive additional
tasks (burdens) to the users; and (2) the BIM-CCS had
to be developed in a “plug-in” format so that the domain

expert users did not have to acquire new knowledge just
to operate. The second element of design thinking in this
project was to design a system that facilitated consistent
interpretation of the building codes (specifically in the
Fire Code section) and then transformed into compu-
tational codes language to enable design-checking con-
sistency. The back-end algorithm of the BIM-CCS was
developed so that the relevant design elements and par-
ameters in the BIM building model could be captured
and compared consistently to the interpreted building
codes for design compliance. The design thinking within
this project also addressed the means of communications
needed for the system to be useful to the users and again
that there was consistency and simplicity. The BIM-CCS
was designed to generate design compliance reports
which would be similar to the traditional design compli-
ance reports that have been generated in the past by
building certifiers in the industry and which also could
be understood by the relevant authorities. The system
was demonstrated to both building certifiers and archi-
tects, potential users of the system, seeking reflections
on what the system was able to achieve. The focus was
on the “what” and “how” from the practitioners’ per-
spective. It too was an intervention or interference in
normal practice (Flyvbjerg, 2006; Frank, 2012; Flyvbjerg
et al., 2012), enabling phronesis. However, the feedback
enabled the researcher to better understand why compli-
ance happened the way it did and enabled changes to the
system to better meet those needs.

What and how were the findings, solutions or
products developed?

Case 1 (Shih 2016)

The collaborative research activities of the researcher and
the company engineers (researched) involved knowledge
capture, knowledge modelling, and iterative building and
testing of a KMS. The data collected included both the
engineers’ explicit and tacit knowledge. The explicit
knowledge of the Company existed in the Company pro-
ducts catalogues, testing log sheets, product plans and
images, design drawings and testing reports. The
recorded knowledge was significant in the design process
of the knowledge-based system because it was a physical
reflection of the tacit knowledge/expert knowledge that
the engineers had previously and were still using on a
daily basis in their design and build of each refrigeration
cabinet (company products). This knowledge, in collab-
oration with the engineers involved, was then classified
using an ontology and designed into the process of build-
ing the knowledge-based system, utilizing the design
thinking that had already occurred earlier.
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The collection of tacit knowledge was undertaken
by the researcher who went to the factory every day
in the first 4 months, and then participated in the var-
ious activities with the engineers including (1) attend-
ing the engineers’ product development daily
meetings every morning; (2) group or individual sha-
dowing processes to allow the researcher to fully
understand and participate in the engineers’ work
processes; and (3) documentation of the data and
information collected and discussions with the engin-
eers whilst at work. Scenario simulation and interview
with the engineers on a daily basis were also deployed
during the KMS development and evaluation pro-
cesses. This research process enabled the researcher
to ask “why” the process was as it was and enabled
the engineers to state what they needed to make the
process better.

After the initial data collection the researcher started
to develop a prototype knowledge-based system struc-
ture based on the information from collected data,
using discussions with and active observations of work
done with the engineers. During this stage the researcher
was still attending the factory on a regular basis seeking
feedback from the engineers about the design and oper-
ational elements of the system being developed. The fac-
tory visits during this stage were to iteratively evaluate
the structure of the KMS and also acquire additional
data if required. This occurred over a 6-month period
to ensure system functionality, quality, efficacy, consist-
ency, performance, effectiveness and accuracy were
designed into the system in ways that were useable
and effective and which met the needs of the engineers
in their work on a daily basis. The researcher then
mapped the testing process in detail and applied Heur-
istic process mining (HPM) to identify activity redun-
dancy. The outcomes of this analysis were then
evaluated by the engineers for accuracy and efficacy as
part of their practice.

One paradoxical issue of the results of the process
mining analysis was that it was difficult to identify
whether the improved testing process that the engineers
had achieved as a result derived from this HPM or from
the reflections of the engineers as part of the research
process in the co-design of the previous 12 months
that affected, either directly or indirectly, on the way
that the engineers created, used, captured and reused
their own knowledge. The collaborative discussions
held during the three iterations of the KMS and its evalu-
ation by both the researcher and the engineers concluded
that the KMS enabled the engineers to reflexively alter
the way that they worked as they better understood
why they worked as they did.

Case 2 (Shih 2016)

The research was designed to reflect collected infor-
mation where the focus of design and analysis lay with
the researcher, rather than as a co-design process. The
research process started with the researcher conducting
interviews with construction designers and building cer-
tifiers. Documentation analysis was also conducted to
identify relevant documents involved in the compliance
checking process including design compliance reports
and the Fire Code Section C of the Australian building
codes. The purpose of the document analysis was to vali-
date the building compliance checking processes and the
elements involved in the process.

Then the researcher analysed the Fire Code Section C
by each small unit and clause. The aim was for the
researcher to interpret the building code in an explicit
manner so that the algorithm driving the system could
be developed in a logical manner. There were two
semantic analysis methods deployed to analyse and
interpret the building codes. These included, Require-
ment, Applicability, Selection and Exception (RASE)
(Hjelseth and Nisbet, 2011) which dealt with Code
requirements which related specifically to “Shall” or
“Shall not” building code elements. This semantic
approach allowed the interpreted codes rule to be applied
to the Industry Foundation Classes (IFC)-based BIM
model to compare specific building components to the
building code following Hjelseth and Nisbet (2011).

The other semantic used was Dialogue Language
(DL). DL provides systematic structures that organize
the hierarchical dialogue of codes. These structures con-
tained eight primary items which included, Parent_id,
Code_violation, Clause, Condition, Action, Comment
and Dependency. These items were used to explain the
semantic meaning of the clauses in the text (Omari
and Roy, 1993). During this stage the researcher was
conducting a preliminary evaluation of the interpret-
ation created by the semantics analysis in collaboration
with two building certifiers.

The researcher compiled the collected data and
semantic analysis into a development of an algorithm
structure. The user’s interface of the BIM-CCS had also
been developed at the same time, resulting in develop-
ment of the first version of the BIM-CCS. The researcher
subsequently conducted the first system evaluation by
interviewing six accredited building certifiers. Using an
evaluation framework which tested aspects such as sys-
tem functionality, accuracy, efficacy and performance,
the researcher revised the BIM-CCS. The researcher
then conducted a second evaluation by using a focus
group to demonstrate the usability of the BIM-CCS
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with a group of 15 architects again the researcher then
refined the BIM-CCS.

What were the challenges faced in the DS
research processes?

Case 1 (Kanjanabootra 2011)

(1) Tacit knowledge capture is a challenging and diffi-
cult process. In this research multiple techniques
were used to collect the tacit knowledge of the engin-
eers. These included a detailed study of existing arte-
facts, interviews, meetings, observation and
shadowing.

(2) The knowledge generation, transfer and sharing
activities were often difficult to capture because of
its dynamic nature.

(3) One of the common problems in knowledge capture
process is knowledge hoarding. The resistance to
share knowledge often occurs. This might be due
to the insecurity as the knower has seen their knowl-
edge being taken away as a threat. In this project the
researcher had developed trust among the engineers
in the company resulting from the researcher being
involved in the company for 4 months on a daily
basis and then regularly over the remaining 12
months. The management level also had made it
clear and transparent to the engineers that this
research project was created to facilitate their work
process.

(4) The most important aspect that had made this
research project successful was the importance of
the researcher’s own domain knowledge. The shared
domain knowledge (mechanical/refrigeration engin-
eering) enabled the researcher to fully understand
the engineers’ work process and their tacit and expli-
cit knowledge. As a result, the relevant knowledge
had been captured, classified and structured into
the company KMS, consistent with the meaning
and understanding of the engineers and their pro-
fessional practice. The shared domain knowledge
also enabled the researcher to co-design the KMS
in a way that integrated it into the engineers’ work
processes without adding additional duties just to
operate the KMS.

Case 2 (Shih 2016)

(1) The researcher had an industrial design background.
However, he had very limited experience in the con-
struction industry. His industrial design experience

had contributed the BIM-CCS in terms of users’
interface design but because it was designed from
the researcher’s own perspective, it did not always
reflect knowledge and design principles that are
part of the construction professional’s practice.

(2) The Building Code in Australia has been written in a
way that leaves it open to the user’s own interpret-
ations. This often creates a conflict of interest
between authorities and the building designers. As
a consequence some of the clauses are very difficult
to interpret through the use of semantic analysis.
The expert’s opinions though, collected from inter-
views and the Focus Group, played an important
role in solving this problem in this research project
and in the ultimate design of the BIM-CCS.

(3) During the BIM-CCS development process, the
researcher found that BIM modelling practices in
the industry, the terms used and the BIM object par-
ameters modelled were not consistent. This led to
inaccuracy in the BIM-CCS used in some models.
Even though the industry has standards such as
IFC the modelling used across the industry is still
inconsistent at a practical level.

(4) There is an absence of standard formats for the
design of compliance reports used in the construc-
tion industry in Australia. Different certifiers have
their own format for compliance reports. The sol-
ution used in this research was that the researcher
brought designs from different reports together
and created their own version.

Discussion

The research process in Case Study 1 involved under-
standing the problem in collaboration with the manage-
ment of the company. The problem was identified as a
problem associated with the professional practices and
their knowledge management in the company’s product
development processes. The problem was then further
investigated to understand the extent and nature of the
causes and effects of that problem with the practitioners,
the design engineers. The solution demanded an evalu-
ation of their existing practice and the designing of
additional support to better address the problems of inef-
ficient use of their professional knowledge. The next
stage involved thinking about how to design that sol-
ution and this was done in collaboration with the prac-
titioners, supplemented with evaluation of design
principles and existing research on solving knowledge
problems in organizations.

A co-design framework emerged as relevant and then
supplemented with application of a Design Science
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approach to the research. In the following 12–15 months
multiple iterations of a solution based on a KMS design
were co-designed, created and evaluated. The researcher
became immersed in the practiced wisdom of the prac-
titioners. In parallel, the design processes used by the
practitioners were analysed using HPM identifying
redundant tasks/product development activities. The
results of this HPM analysis were also evaluated by the
practitioners and this became part of the whole solutions
developed to address the initial problem identified. The
research problem was an organized repetitive and itera-
tive journey through the concepts framing the research
process, a journey centred on the Research Problem
(Figure 1) and set within a framework of Design Think-
ing and Design Science, interacting with the narratives of
the practitioner as researcher and the researcher as prac-
titioner, having a shared knowledge domain and there-
fore a common language of understanding.

It was practiced wisdom, or phronesis, in action and
reflected the arguments of Antonacopoulou (2010a,
2010b) for the use of reflexive thinking and the develop-
ment of practice-relevant scholarship. In this case the
researched were part of the research process and the
researcher was part of the design and testing process
during the 4-month placement. As suggested by Antona-
copoulou, throughout this process both the researcher
and the researched continually asked why things hap-
pened the way they did. The research process was con-
cerned with more than observation about what
happened and how. The researcher was part of what
was happened rather than the casual observer making
observations based on their own perceptions. What the
reflexivity used in this research produced was not only
what happened and how, but why, based in the practices
of the researched and within their “practiced wisdom”.

Case Study 2 also began with a specified research pro-
blem but this was a problem identified in the extant lit-
erature as an issue across the construction industry in
Australia. There was a need for solutions to be designed
and tested. The researcher here relied on professional
and academic advice to begin the research process, invol-
ving initially thinking about the possibilities and prin-
ciples needed to design a solution that would be
effective in application with practitioners. That design
thinking focused on the development of an IT-based
artefact and this decision necessitated a research frame-
work where the methodological focus was on the devel-
opment and evaluation of an artefact, a situation
resolved with adoption of the Design Science Research
Framework. In this research study there was no immer-
sion in the practiced wisdom of practitioners, rather
there were frequent contacts with practitioners either
to better understand the nature of the problem itself or

to evaluate the IT-based solution that was developed.
Although more limited in its investigation and use of
the practitioner and their practiced wisdom, the formal
structure of the Design Science methodology enabled
the researcher to substitute that practitioner narrative
with narratives supplied by practitioner academics
involved in discussions and interactions throughout the
research process. What this case study highlights is the
impact of reducing the extent of research problems
using Design Science when the researcher and the prac-
titioner do not have a well-developed shared knowledge
domain.

There are, however, two themes that these two
research projects have in common. First, there is inter-
action between the researchers and the domain experts,
which are the extensive collaboration and co-design pro-
cess between the researcher and the group of engineers in
the first project, and a lesser interaction between the
researcher and a group of certifiers in the second project.
The involvement of domain experts (and their organiz-
ation) in the research enabled the values and power of
the practitioner’s knowledge to be utilized (Flyvbjerg,
2006). That excursion into the practiced wisdom of the
practitioner and the interactions between the prac-
titioner as researcher and research as practitioner enable
reflexivity in both the practitioners and the researcher.
Taylor and White (2000) and then (Kanjanabootra and
Corbitt, 2016) argue “assists the (construction) prac-
titioner to make sense of their practitioner situations
and enables them to understand how new knowledge
can be created or expertise enriched”. However the first
case study also highlighted the perceived paradoxical
nature of affected practice as the research was unable
to verify if the changes that happened were just the result
of the solution developed or were the result of both that
solution and the actual process of developing the solution.
Figure 1 highlights the multiple pathways possible using
this type of research method illustrating that the narra-
tive and its associated reflexivity, represented on the
left-hand side of the diagram, can be reflective of the
knowledge and expertise in both the practitioner and
researcher, and reflective also of design thinking and
the impact of a formal research methodology like Design
Science.

This viewing of the DS method being used as phron-
esis, an intervention and/or interference process (Flyvb-
jerg, 2006; Frank, 2012; Flyvbjerg et al., 2012), was useful
as the practitioners and the researchers had to address
the challenges identified through the research/artefact
development processes. Enabling and challenging the
engineers in Case Study 1 to reflect on their tacit knowl-
edge and how they used it created a situation where the
practitioners looked at what they did and why from
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another perspective, the knowledge engineering perspec-
tive introduced as an intervention by the researcher. For
the first time the engineers were able to capture their
own knowledge and reuse it in their own practice.
Their knowledge was exposed and the “wisdom” of
what they did, as a matter of fact to them, became
evident.

They fundamentally engaged in an exercise of phron-
esis, exposing their knowledge hoarding and ultimately
reducing their resistance to share knowledge. The shared
domain knowledge (mechanical/refrigeration engineer-
ing) enabled the researcher to fully understand the
engineers’ work process and their tacit and explicit
knowledge. As a result, the relevant knowledge was cap-
tured, classified and structured into the company KMS,
consistent with the meaning and understanding of the
engineers and their professional practice.

In Case Study 2 the interference of the researcher
(phronesis) in the practitioners varied understanding
of what the relevant Standards meant that through col-
laboration with “expert” practitioners agreement about
interpretation of the wording in standards enabled the
use of design thinking in solving the problem in this

research project and in the ultimate design of the BIM-
CCS and through its application, address inaccuracies
used in practice. In this case study the challenges in
design because of interpretation were addressed through
interference as collaboration. Phronesis as interference
enabled the design of an IT-based artefact to address a
lack of uniformity in interpretation by practitioners of
a set of fire standards in construction.

Gregor and Hevner (2013) argue that Design Science
research can focus on 4 fundamental drivers: Invention,
Improvement, Exaptation and Routine design. Case
Study 1 is an example of Improvement where design
thinking and collaboration merged developing a new sol-
ution for problems already known by the practitioners.
The intervention by the researcher (Phronesis) enabled
improvement to happen. Case Study 2 applied a new sol-
ution to the known problem (Improvement), essentially
an interference by the researcher in the practice of inter-
preting Standards in construction. Gregor and Hevner
(2013) also suggest that Design Science research can
make contributions at three levels: (1) a base level of
the situated implementation of an artefact; (2) where
nascent design theory is evident where knowledge oper-
ationalizes design principles and practice; and (3) where
as more comprehensive design theory emerges (Table 2).

This analysis of the two case studies has shown that
the application of design thinking with collaboration
and applying Design Science research principles high-
lighted the value of thinking about the collaborative
research process as a vehicle to better understand how
knowledge and wisdom are generated within practice.
Both intervention and interference (Phronesis) expose
the impact of a well-designed artefact for the prac-
titioners and enable better understanding of the impli-
cation of researching that artefact.

Figure 1. Integrated research methodology for engineering problem solving.

Table 2. DS research contribution type.
Contribution type Cast Study 1 Case Study 2

Level 3:
Comprehensive
design theory

None None

Level 2: Nascent design
theory.

Engineering process
improvement (EPI)
approach

RASE approach

Level 1: Situated
implementation of an
artefact

Engineering KMS for
the EPI

BIM-CCS artefact – a
decision support
systems (DSS) for
building codes
compliant checking

Source: Gregor and Hevner (2013).
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Conclusion

The breakthrough Economist J.M. Keynes said that
worldly wisdom teaches that it is better for reputation
to fail conventionally than to succeed unconventionally
(Keynes, 1937). Novel research methodologies are chal-
lenging and often ignored because of fear of rejection
by accepted conventions for publication of research
which Besancenot and Vranceanu (2015) argue is con-
ventional and a conservative or risk-averse approach to
research. Novel research methods do challenge the status
quo. They represent new questions. New questions can
include the practitioner asking the researcher, how
does this work we are doing help me be a better prac-
titioner? A researcher can ask a question of the prac-
titioner about them explaining why they undertook a
process in a certain way whilst they were participating
in the building process themselves. Conventional
research such as the use of surveys and interviews asks
for perceptions and opinions; the researcher being the
practitioner simultaneously when doing research
means the researcher must ask themselves questions
about what they were doing and how they undertook
what they did. A novel research methodology as rep-
resented here as a complex methodology based on the
researcher as practitioner and the practitioner as
researcher asks not only traditional questions about
what happened and how but, through participatory
action, asks new questions to them about why this
research process was used and why it was necessary.
The researcher asks the practitioner why they do things
in certain ways and why they solve problems the way
they do. Simultaneously the practitioner asks the
researcher about why they are concerned about under-
standing their practices and why it is important to the
researcher to reflect on these within theoretical frame-
works and make sense of their practice in more general-
ized ways. Answers to the questions asked by both
researcher and practitioner can offer new insights into
engineering and construction processes that are accepted
as conventional but which might require unconventional
answers to change or improve. In the same way that Key-
nes changed economic thinking through challenging the
conventional, using a novel research method offers the
possibilities through simple questions of new under-
standing about what we think we observe. They are con-
fronted with explaining why in their own praxis they are
confronted with asking about doing things they might
not have previously done and why.

Novel research methods also offer researchers the
possibility to dig deeper and uncover novel ideas.
These novel ideas can, as (Kanjanabootra and Corbitt,
2016) showed, expand our understanding of expertise

development in Construction, or challenge the effective-
ness of construction project frameworks like public pri-
vate partnership (PPP). In Construction research,
Dainty (2008, p. 10) argues that

the apparent lack of methodological diversity, coupled
to an apparent lack of adventure in interpretative
research design, suggests a research community rooted
in methodological conservatism and disconnected
from the debates going on in many of the fields from
which it draws.

We argue that the use of a novel research design and
methodology will however always add diversity to the
focus on positivist research highlighted by Dainty. We
also contend that integrating Design Thinking, a theory
of co-Design and the Design Science Research Frame-
work enable levels of interaction between researcher
and practitioner which not only immerses the researcher
in the practiced wisdom of the practitioner, but also
offers a methodology which embeds the narratives of
both practitioner and researcher within a research pro-
cess oriented to finding out through research, but also
adding the development of solutions to problems. How-
ever, this is not consulting, but research.

Consulting focuses on the attainment of immediate
benefits, or on the development of specialized appli-
cations. Consulting is often simply production of an arte-
fact or process aligned with only the key elements
involved, often only dealing with the known. Research
on the other hand has a focus on replicability, generaliz-
ability and on introducing new elements or seeking to
investigate the unknown (Shugan, 2004; Mobjörk,
2010). Research posits research questions, e.g. why is
the make-span inefficient? What causes inefficiencies
in make-span in engineering production? Or how can
knowledge be preserved and re-used within engineering
or constriction organizations? These research questions
necessitate the search for new knowledge, the primary
purpose of research. They require thinking grounded
in theory, producing outcomes that not only create or
develop something tangible, an artefact, a process, a
machine, a building, but they also produce modifications
to existing theory or offer the possibilities of new theory.

The integrated methodology described here is novel in
that it asks new questions and conceptualizes the
research process in an alternative framework, yet at the
same time incorporates the accepted forms of research
data collection and analysis, described usually as positi-
vist or quantitative research or more socially oriented
and empathetic qualitative research. The integrated
research methodological approach here encourages the
researcher to go beyond the collection and analysis of
data from the practitioner. It offers new forms and
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methods of exchanging practiced wisdom and research
knowledge in what Aristotle might call phronesis.
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