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ABSTRACT

In recent years, an increasing number of research articles have been published to
demonstrate the benefits of applying Lean tools using different approaches within the
construction domain. However, there is a need to enhance the effectiveness of Lean
Construction (LC) research by incorporating it within a controlled experimental
environment. Due to the fact that many compound effects impact on the variable(s) of
interest, it is challenging to develop controlled experiments in real construction projects.
This controlled experimental environment can be achieved by developing a Serious
Game-based Experimental Setting (SGES) for construction. For this paper, a literature
review was conducted to identify synergies between the Agile Project Management
(APM), Design Thinking, Lean Start-up and Design Science Research Methodology
(DSRM) for establishing effective SGESs for construction management. We found that
little research used Serious Games to establish controlled experiments for construction
management. In conclusion, we propose 7 research questions to guide the development
of SGESs for construction project management research in future.
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INTRODUCTION

According to a review of recent Lean Construction (LC) literature in relation to the
development of artifacts, such as conceptual frameworks, it is clear that researchers are
using different technologies and processes, such as reliable commitment modelling
(Gonzalez et al. 2010), building information modelling (Sacks et al. 2013) and computer
simulation (Abdelmegid et al. 2019) with Lean tools, such as the Last Planner® System.
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Also, it can be noted that effectiveness of such artifacts has not been tested in controlled
experimental environments.

On the other hand, research groups who propose new artifacts in various domains,
including disaster preparedness (Feng et al. 2020), IT education (Montes et al. 2021), and
project management (Rumeser and Emsley 2019), have been using controlled
experiments with serious games to improve the accuracy of research findings. The goal
of a controlled experiment is to manipulate the variable(s) of interest while controlling all
other variables that exist in the experimental environment (Pelcin 1997). However, within
the LC literature, no research has been found that utilized controlled experiments with
serious games. Therefore, we argue that the validity of LC research can be enhanced by
introducing controlled experimental environments with serious games for LC research.
Many outside factors, such as weather, work performance and supply fluctuations
(AbouRizk et al. 2011), influence construction operations and impact on the variable(s)
of interest, so it is challenging to develop controlled experiments in real construction
projects. Therefore, we propose the use of a Serious Game-based Experimental Setting
(SGES), in which features of a real construction project can be presented, controlled and
replicated (to a certain extent), in order to conduct controlled experiments.

In order to utilize serious games within experimental settings for LC research, there
is a need for an appropriate research methodology. Koskela (2008) argues that
construction management is a form of design science because it helps to solve industry-
related problems while contributing to knowledge. Also, Jarvinen (2004, as cited in
Koskela, 2008) states that if a research question contains one of the terms design, build,
change, improve, develop, enhance, maintain, extend, correct, adjust or introduce, the
associated research can be considered to be design science research. Therefore, we argue
that the Design Science Research Methodology (DSRM) can be an appropriate research
method for LC research intending to develop artifacts. Peffers et al. (2007) presented a
framework for DSRM that consists of six major phases: (1) problem identification and
motivation; (2) defining the objectives for a solution; (3) design and development; (4)
demonstration; (5) evaluation; and (6) communication. An artifact of the research is
created during the 3™ phase, during which a serious game can be developed for better
representation of the artifact (Mateevitsi et al. 2008). Serious games can be used to
demonstrate the applicability of the artifact not only for the 3™ phase, but also for the 4"
and 5" phases. A serious game can also be used to evaluate that artifact by using
experiments and incorporating user engagement (Kato and de Klerk 2017). There are
explicit synergies between serious games and DSRM towards the development of SGES.

Accordingly, the objective of this paper is to explore theoretically the development of
a framework to setup SGESs, supported by the integration of Design Thinking, Lean Stat-
up and Agile Project Management (APM) with Design Science Research Methodology
(DSRM). To discover the existing relationships between these concepts, a literature
review was carried out as the research method within the Scopus database using
combinations of the following keywords: “controlled experiments,” “design thinking,”
“lean start-up,” “agile,” and “design science research methodology” within the titles,
abstracts, and keywords. Also, forward and backward snowballing of references were
used to ensure inclusivity of the results. This is an exploratory conceptual paper, and as
such, we haven’t stated a method as logic rationing has been applied to literature findings
with no data analysis (i.e.,Torp et al. 2018).
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LITERATURE REVIEW

In this section, we briefly introduce APM, Design Thinking, Lean Stat-up, serious games
and DSRM, and report previous research on the available integrations of some of these
processes. The aim is to emphasize the advantages of using those approaches in
combination, which is useful for the efficient development of SGES, and facilitates
conducting controlled experiments in the virtual environment with regards to LC artifacts.

AGILE PROJECT MANAGEMENT (APM)

APM is the best option in low-volume, high-variety, and highly dynamic environments
(Mostafa et al. 2016). APM is based on 4 values and 12 principles (Beck et al. 2001).
Agile places value on: (1) individuals and interactions over processes and tools; (2)
working software over comprehensive documentation; (3) customer collaboration over
contract negotiation, and (4) responding to change over following a plan. In addition,
there are a number of principles that support the Agile values, including: place the highest
priority on satisfying the customer through early and continuous delivery of valuable
software, welcome changing requirements even late in development, deliver working
software frequently from a couple of weeks to a couple of months with a preference for
the shorter timescale, convey information effectively to and within a development team
using face-to-face conversations, use working software as the primary measure of
progress, and maintain simplicity (Beck et al. 2001).

Accordingly, since agile is a set of values and principles, it can be argued that agile
provides a common foundation for making decisions effectively in software development.
Abrahamsson et al. (2002) reported 8 different methods for software development based
on agile values and principles. Out of those, Scrum is the most popular agile method
among software developers (Rodriguez et al. 2012). Therefore, this research considers
the scrum method to develop SGES. Some of the management practices and tools used
in scrum are: (1) product backlog; (2) sprint; (3) sprint planning; (4) sprint review meeting;
and (5) sprint retrospective meeting.

DESIGN THINKING

Design Thinking is an iterative and non-linear process for innovation which integrates
human, business, and technological factors into problem forming, solving and design.
Design Thinking consists of five major stages (Plattner et al. 2011). The first stage is to
‘Empathize’, which aims to fully understand the problem, stakeholders affected by the
problem, relevant context, and its root causes as quickly as possible. To do this, the
Design Thinking team can gather information in various ways, such as conducting
searches, reviewing the literature, interviewing stakeholders and observing their
behaviours. Based on analysis of information gathered, in the second stage (‘Need-
finding and benchmarking’) the Design Thinking team can recognize and define the
problem(s) faced by the stakeholders. ‘ldeate’ is the following stage, where the Design
Thinking team produces different solutions that can solve any real problems identified in
the previous stage. Brainstorming is a great way to generate user-centred solutions. The
fourth stage is ‘Prototype’, which is defined by Houde and Hill (1997) as “any
representation of a design idea, regardless of a medium”. With the solution agreed by the
team during the Ideate phase, a prototype is developed during this stage. The final stage
is to “Test’, during which feedback about the prototype is collected from users.
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After the Test stage, and based on feedback received from users, the Design Thinking
team must go back to previous stages with the aim of upgrading the prototype to one
suitable for solving the problems faced by users.

LEAN STARTUP

Lean Stat-up is a “set of practices for helping entrepreneurs increase their odds of building
a successful start-up. Core components of Lean Startup are the Minimum Viable Product
(MVP) and the build-measure-learn loop” (Ries 2011). According to Ries (2011) the
Minimum Viable Product (MVP) is “the version of the product built in the beginning with
a minimum amount of effort and the least amount of development time”. The aim of the
MVP is to start the learning process, not to reach the end point of development. So, the
concept of the MVP is key to the Lean Start-up approach and forces teams to focus on
the most important features of a product that will bring value to the customer. Next, the
Build-measure-learn loop aims to convert ideas into a product, measure responses of
customers, and understand whether to pivot or proceed. Pivot is a type of change designed
to assess a different fundamental hypothesis of the product.

SERIOUS GAMES

Games are purposefully designed to challenge the human imagination (Arnold et al.
2013). According to Abt (as cited in Michael and Chen 2006), in a game, players assume
realistic roles, face problems, develop strategies, make decisions, and get fast feedback
on the results of their actions. Michael and Chen (2006) defined serious games as “games
in which education (in its various forms) is the primary goal, rather than entertainment”.
Also, they stated that games provide the opportunity to learn something without the cost
of real-world consequences or errors. In addition to learning, serious games are used as
an assessment tool in different fields, such as education and health, with higher validity
and data capturing features (Kato and de Klerk 2017).

DESIGN SCIENCE RESEARCH METHODOLOGY (DSRM)

Peffers et al. (2007) presented a methodology called DSRM, which is an iterative process
for design science research. DSRM begins with four possible research entry points: (1)
problem centred initiation; (2) objective centred initiation; (3) design and development
centred initiation; and (4) client centred initiation. Irrespective of the point of entry, the
first stage is ‘Problem Identification and Motivation’, which aims to specify the research
problem; the second is to justify the significance of the solution. Based on the problem
definition, objectives for a feasible solution are developed. Objectives can be quantitative
or qualitative. Also, knowledge of existing solutions to the defined problem is essential
for this stage, and is known as ‘Define objectives of a solution’. ‘Design and Development’
is the third stage, during which an artifact is developed as a solution idea. Models,
methods, new properties of social, technical and/or informational resources are some of
the examples of artifacts which can be embedded within a research contribution. The
fourth stage is ‘Demonstration’, during which the applicability of the artifact is
demonstrated. One or more instances of the problem must be able to be solved in this
phase. This can be achieved by conducting experiments, case studies, proofs or other
relevant activities. The fifth stage is ‘Evaluation’. In this stage, the performance of the
artifact is measured to solve the defined problem. Objectives of the research are compared
with the actual performance of the artifact generated in the demonstration phase. For
evaluation of the artifact, feedback from participants and functionalities of the artifact can
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be used. The final stage is ‘Communication’, in which the solution with its utility and
novelty, and its impact on the researchers and industry practitioners, are communicated.

INTEGRATION OF APM WITH DESIGN THINKING

Héger et al. (2015) presented a model (DT @Scrum) that integrates Design Thinking with
Scrum, which is guided by APM. It comprises of three phases of operations. The first
phase, Design thinking, focuses predominantly on Design Thinking activities; The second
phase, Initial development, balances both design thinking and development activities.
The third phase, Fully integrated, puts more emphasis on development. The aim of these
phases was to enrich the planning of product development through innovative and user-
centred ideas of Design Thinking in the beginning of the process which in turn results in
a better understanding of the requirements of the software to be built.

INTEGRATION OF APM, DESIGN THINKING AND LEAN STAT-UP

Hildenbrand and Meyer (2012) linked Design Thinking and Lean Stat-up to APM in order
to enhance software development for businesses. In their study, they emphasized the
usefulness of Design Thinking to initiate the development process based on validated
customer problems, and the importance of agile practices and lean thinking in the
development of the best appropriate process. Grossman-Kahn and Rosensweig (2012)
also proposed a design-led, multidisciplinary approach, the Nordstorm model, consisting
of human-centred, collaborative, failure embracing, prototype-driven innovation
mindsets and practices that link Design Thinking, Lean Stat-up, and APM. These authors
demonstrated the scalability of that approach among cross-functional teams throughout
development organisations. Paula and Araujo (2016) presented a new model by
improving the Nordstorm model. According to this study, they proposed the followings:
(1) User experience should be validated during the prototype phase with an interface that
is closest to the final product; and (2) Design Thinking elements should be used
throughout the entire development process. After performing a cross-case analysis of
previous integrations between APM, Design Thinking and Lean Stat-up, Dobrigkeit and
Paula (2017) presented another model called InnoDev, to improve the innovativeness in
IT development. InnoDev consists of three phases: (1) Design Thinking; (2) Initial
Development; and (3) Development. They argue that InnoDev is flexible enough for
different business settings.

After analysing the features of the aforementioned process models, we can identify
that all the Design Thinking phases, and elements of Lean Stat-up, such as MVP, build-
measure-learn loop and pivot; and agile practices, such as scrum can be used to develop
efficient software based on human-centred solutions. Therefore, we argue that the
integration of the aforementioned management and development approaches can be used
for the development of effective serious games. Also, serious games can be used as a tool
for assessments incorporating user engagement without having real world consequences.
Thus, serious games can be used with construction practitioners for developing CEs in a
virtual environment without affecting construction operations’ complex and dynamic
nature. In addition, DSRM provides a methodological support to generate knowledge for
LC research in relation to development of artifacts.
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THEORETICAL FRAMEWORK TO SUPPORT SGES IN LC
RESEARCH

Possible Research Entry Points

Problem Centered Objective Design and Development Client Centered
Initiation Centered Solution Centered Initiation Initiation

Problem Identification and Motivation

Define Objectives of a Solution

Design and Development

Develop an MVP for the Control Group in the experiment

Build the MVP
Create the backlog of the MVP

Update? Review the MVP

Demonstration

Review the MVP with Practitioners Learn Retrospective Meeting

Update the Sprint Create the backlog for the next sprint Update?

INO,

Are 2 games ready for
Controlled Experiments?

Extend the MVP for the Experimental Group m

Evaluation

Divide Participants into Control and

3 Pre-trial Questionnaire Recruite Participants
Experimental groups

Experimentation Post-trial Questionnaire Data Analysis

Communication Publications

Figure 1: Conceptual integration framework for SGES

We argue that a framework that integrates DSRM, Design Thinking, Lean Stat-up and
APM is useful in the development of a SGES, which is a novel methodology for
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experimenting artifacts, such as any designed object, including any design object, such as
models, constructs, methods or new properties of technical, social or informational
resources (Peffers et al. 2007), enriched with innovative solutions to real-world
construction problems while also contributing to the knowledge of construction
management. This approach, to a great extent, eliminates barriers to effectively testing
hypotheses by providing an environment for controlled experiments in LC research.

The framework, shown in Figure 1, begins with the same four possible research entry
points and the first two stages, as described in the DSRM (Peffers et al. 2007). Next, the
experimental setting moves to the design and development stage. We argue that this stage
should begin with the Ideate step in Design Thinking, during which a number of user-
centred solutions can be generated through activities, such as brainstorming (Plattner et
al. 2011). As the output of this step, we suggest the development of conceptual
frameworks for two serious games that are used for CEs: (1) one game for the control
group; and (2) the other game for the experimental group. We suggest demonstrating the
applicability of the solution from the framework of the serious game played by the
experimental group compared to the framework of the serious game played by the control
group. The development of an MVP (Ries 2011) for the serious game for the players of
the control group can then be initiated. As an MVP, we propose to develop the storyline,
which presents the game content in a structured manner (Gobel and Mehm 2013), for that
serious game. The storyline can be developed by establishing its product backlog, which
is the work to be carried out to develop a product based on existing knowledge
(Abrahamsson et al. 2002). After developing the storyline, it should then be reviewed by
a team of domain experts in terms of usefulness, usability, credibility, desirability and
value that influence the user experience. During the review, experts can propose further
improvements of the MVP. Based on their suggestions, a new backlog can be created to
upgrade the MVP. In this way, the initial storyline can be upgraded until the team of
experts are satisfied. In order to make this process more efficient, researchers can use
APM practices, i.e. scrum (Abrahamsson et al. 2002).

Subsequently, the demonstration stage is initiated, during which the interactive
storyline, which was finalized by the domain experts, is further refined by exposing it to
a team consisting of construction practitioners. We propose to use a tool, such as articulate
storyline (Suppan et al. 2020), to perform the review process efficiently. Based on the
review provided by the construction practitioners, the research team can learn how the
existing storyline can be further improved iteratively, by applying the build-measure-
learn loop suggested by (Ries 2011). Before starting the improvement process, the
research team can organize a retrospective meeting which is a best practice of APM
(Abrahamsson et al. 2002) to discuss how to improve the productivity of their serious
game development process. Based on the outcome of the meeting, the research team can
develop a backlog for further improvements of the interactive storyline. Accordingly, the
next sprint of the storyline can be developed and demonstrated to the same team of
construction practitioners. We suggest this sprint development process be repeated, build-
measure-learn suggested by (Ries 2011) until the storyline is transformed into a serious
game that can be used for the players of the control group of the experiment to the
satisfaction of construction practitioners in terms of usefulness, usability, credibility,
desirability and value that influence the user experience. After developing the serious
game for the players of the control group, the same serious game can be further extended
so that it is suitable for participants of the experimental group. We propose to achieve this
by changing game elements relevant for the variable(s) to be tested during the CE. These
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elements can be extracted from the conceptual framework designed for the experimental
group in the Ideate step. To make the serious game ready for the experimental group, the
same development approach which combines agile practices and lean start-up elements,
as was done for the controlled group, can be applied.

The fourth stage of the experimental setting is evaluation, during which the CE is
conducted. This stage begins with recruiting appropriate participants to play both serious
games. After recruitment, the participants should be provided with a tutorial about the
gaming environment to familiarize them with the game’s software and hardware. Next, a
pre-trial questionnaire should gather the participants’ demographics and other research-
related information. The participants should then be divided into the control group and
experimental group Then, the experiment can be started during which each group plays
one of the two games (that were finalized in the previous stages). After the experiment,
another post-trial questionnaire should be distributed to both groups to gather data
regarding their user experience. Also, in-game performance of participants should be
gathered by analyzing video recordings of their gameplay. Finally, responses of both
groups can be assessed using appropriate analytical techniques for testing the
performance of the experimental group.

The final stage is communication, which was extracted by DSRM (Peffers et al. 2007).
In this stage, the solution to the real-world construction problem, with its utility, novelty,
and impact on both researchers and industry practitioners via the SGES can be
communicated through publications.

For example, suppose a researcher wants to assess the impact of the pull system. In
that case, this methodology can be applied by developing two serious games representing
a construction project: one representing the pull system and the experimental case, while
the other representing the push system and the control case. During the experiment, two
games generate production costs, and those can be used to test a hypothesis that the pull
system reduces the production cost over the push system, while controlling other
compound effects. This is impossible with traditional methods, such as case studies.

CONCLUSIONS

We propose a new methodology for conducting CEs in LC research: SGESs. We present
a framework for developing a SGES that integrates Design Thinking, Lean Stat-up, APM
and DSRM and that was developed using knowledge from a review of previous research
integrating subsets of Design Thinking, Lean Stat-up and APM. Integrating Design
Thinking, SL and APM enables efficiently developed serious games to be embedded
within DSRM, providing a SGES for LC researchers. This SGES framework can be
utilised to solve more industry-specific, real-world problems faced by practitioners
because SGESs allow for the participation of construction practitioners. Hence, the
proposed SGES framework is an innovative contribution to LC knowledge and will also
streamline further contributions by enabling CEs.

In order to begin the next step in developing this SGES framework, seven research
questions have been formulated to garner feedback from the IGLC community: (1) How
can game design elements, game dynamics and game mechanics be determined to develop
useful serious games for experiments? (2) How can participants be chosen for such
experiments? (3) How can the group sizes be quantified for the control and experimental
groups? (4) How can participants be allocated to control and experimental groups? (5)
What types of data should be gathered during the experiment? (6) What methods can be
used to collect data during the experiments? (7) What analytical techniques can be used
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to test research hypotheses? Based on the feedback from IGLC, the SGES framework can
be finalized so that it can be used to carry out CEs related to LC research.
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