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ABSTRACT

A wealth of studies is available on the key success factors of managing interrelated projects in
a construction supply chain. The human factor, however, is often overlooked in normative
success solutions. According to classical management theory, individuals are expected to act
rationally and maximise their utility. Although, due to an individual's computational and
cognitive abilities, decision-makers often choose the first satisfactory course of action rather
than searching for the optimal course of action, particularly during times of crisis. This study
adopted a surrogate model to conduct a series of laboratory simulations that involved human
behaviour. A comprehensive literature review was conducted to determine the experiment
design, followed by sixteen hours of experiments that spanned two countries investigating
decision-making behaviour within two prominent management models: the traditional and
collaborative models. In order to identify patterns in the perception of the participants regarding
real success factors, a content analysis was performed on their questionnaire responses. This
analysis identified three key characteristics of construction success and the top characteristics
required to succeed under each model investigated. By sharing these insights and lessons
learned, teams can gain a deeper understanding of what it takes to succeed in a competitive
environment.
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INTRODUCTION

In the wake of the COVID-19 pandemic, the “New Normal" is characterised by a crisis-like
environment, deep uncertainty, and adaptability instead of stability and long-term planning
(Araya, 2021). Consequently, preparedness, recovery, and adaptation decisions must be
planned and deployed in the context of concurrent disruptions (Herrera et al., 2022). To date,
the impacts of COVID-19 have received considerable attention across a wide range of industries.
Nevertheless, the construction sector still has much to learn about the problem and potential
solutions (Cherian & Arun, 2022). As with other industries, the construction, procurement, and
logistics sectors experienced unforeseen disruptions due to COVID-19's rigorous lockdowns,
which also affected supply chain management. It exacerbated the chronic issues of cost
overruns, schedule delays, and low productivity in the construction industry (Doloi, 2013;

' Senior lecturer, School of Future Environment, Auckland University of Technology, Auckland, New Zeland,
mani.poshdar@aut.ac.nz, orcid.org/0000-0001-9132-2985

2 Assistant Professor, School of Civil Engineering, Pontificia Universidad Catolica de Valparaiso, Valparaiso,

Chile, rodrigo.herrera@pucv.cl, orcid.org/0000-0001-5186-3154

Professor and Tier 1 Canada Research Chair in Digital Lean Construction, Hole School of Construction

Engineering, Department of Civil and Environmental Engineering, University of Alberta, Canada,

vagonzal@ualberta.ca, orcid.org/0000-0003-3408-3863

Supply Chain Management 1698



Mani Poshdar, Rodrigo F. Herrera, and Vicente A. Gonzalez

Herrera et al., 2020; Venkatesh & Venkatesan, 2017). Research indicates that improving the
product development process, supply chain coordination, and the standardisation of parts and
components can mitigate the impact of these recurring issues. In order to achieve these goals,
the importance of improving client-contractor interactions cannot be overstated, particularly
through establishing strategic alliances and partnerships that facilitate real collaboration (Chen
etal., 2012; Dainty et al., 2001; Engebg et al., 2020; Lahdenpera, 2017; Mesa et al., 2019).

Lean emphasises collaboration, supported by process ontology, to address the
interrelationships between tasks (Tzortzopoulos et al., 2020). The success of any collaborative
approach depends on the participation of individuals. While normative solutions are often used
to achieve operational goals, they tend to rely on simplistic behavioural assumptions that fail to
take into account the complexity of human behaviour (Ghodrati et al., 2022; Gino & Pisano,
2008; Gonzalez et al., 2015). The classical economics theory typically assumes that individuals
act rationally and make decisions to maximise their utility (Parnell & Crandall, 2020). However,
rationality is bounded by human computational and cognitive capabilities (Selten, 1990).
Consequently, decision-making patterns in projects are often inconsistent with normative
theories, especially in complex situations (Kahneman et al., 1982). In 1957, the concept of
bounded rationality was introduced (Simon, 1957). The approach emphasises effective
behaviour rather than an idealised state of perfect rationality. Informational inadequacies, time
constraints, and cognitive limitations all contribute to the inability to make perfect, rational, and
well-informed decisions. (Diacon et al., 2013). It is, therefore, more likely that in times of crisis,
a satisfactory or suitable decision will be reached in which the decisions are adequate but not
perfect. (Parnell & Crandall, 2020). When faced with such circumstances, decision-makers
often choose the most suitable course of action instead of continuing to search for the optimal
course of action (Fox, 2015).

Our primary objective in this study was to explore how behavioural patterns in decision-
making can be linked to the construction supply chain dynamics, especially during a crisis. This
research belongs to the behavioural operations management field and adopts a laboratory-based
experimental strategy applied in a number of social science fields, including economics,
psychology and sociology, law, political science, anthropology and biology (Katok, 2019).
There is a high cost and/or disruption associated with investigating the influence of human
behaviour on collaboration dynamics in a real system under a variety of conditions. A
laboratory experiment can simulate a situation while isolating the intended variables from the
rest. Laboratory experiments became mainstream research setting in social science in 1875. It
was not until the 1980s that operations management research began to take it up. As a result,
surrogate models are the preferred approach for laboratory simulations. They allow a complete
manipulation of all factors to match the study assumptions (Bolton & Ockenfels, 2008).

RESEARCH DESIGN

The overall research design is presented in Figure 1. The study started with an extensive
literature review to identify the experiment design. The experiments were conducted in two
countries over four days, consisting of two rounds each day. In the first round, all participants
acted independently, simulating the traditional supply chain management model. Participants
adopted a collaborative approach in the second round, in which they agreed to work together to
achieve a specific objective. The decision behaviour patterns of participants were recorded and
analysed based on their perceptions. To obtain participants' perceptions regarding their
experiences under each model, a questionnaire was administered after each round. Upon
completion of day 4, a content analysis was carried out to identify patterns in the recorded
results. By conducting the same experiment in two different countries, we were able to detect
any cultural nuances that might have impacted the results.
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Figure 1: The research design

THE EXPERIMENT STRUCTURE

The experiment simulated a simplified version of the supply chain for five bridge construction
projects, including prefabrication and shipping stages. Figure 2 shows the entities and
relationships involved in creating a conceptual model of a system according to the standard
steps (Abdelmegid et al., 2017; Abdelmegid et al., 2020; Poshdar et al., 2016). A total of six
individuals representing key members of the supply chain participated in the experiment.

e Two participants represented the manufacturers responsible for fabricating the

structural components (Fabricator 1 and Fabricator 2).

Two participants represented transportation agencies responsible for delivering
prefabricated components to the construction site (Shipping 1 and Shipping 2).

Two participants represented contractors involved in the construction project
(Contractor 1 and Contractor 2).
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Figure 2: The experiment structure
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The bridge components were those recommended by Waka Kotahi, the New Zealand Transport
Authority. Detailed information about the simulated projects is presented in Table 1.

Table 1: Characteristics of the projects simulated.

Project# Number Type of beams Span length Shipping
of beams (mm) distance (km)
Project 1 9 Single hollow core beam, 900 mm Depth 25,000 450
Project 2 5 Super T beams 30,000 86
Project 3 4 Single hollow core beam 27,500 242
Project 4 9 Single hollow core beam, 650 mm Depth 18,000 91
Project 5 9 Single hollow core beam, 650 mm Depth 16,000 408

A rough budget was assigned to each activity based on the size of the project and shipping
distance (Table 2).

Table 2: Budgets allocated to each activity within the supply chain divided by projects.

Project # Prefabrication Transportation Construction
($) ($) ($)
Project1 277,000 208,000 2,079,000
Project2 277,000 46,000 2,703,000
Project3 185,000 46,000 2,657,000
Project4 277,000 46,000 1,409,000
Project5 277,000 116,000 1,409,000

A 10% contingency was built into the quantity take-off price in the budget. The calculated
prices are summarised in Table 3.

Table 3: Summary of activity costs.

Costs Prefabrication Transportation Construction
Associated
($ Per week) ($ Per week) ($ Per week)
c IS =
a » » @ c I (o) So
c c o o - S 2 >
5 2 S 2£ £5 2 ¥ & @ 3¢
Z o o N = S © 7] o = [ 0 x
e 2 2 s 83 § ° & § &%
3 O o ? £ o £ _‘é’ =
L o 00:) 35
Direct cost 8,000 68,000 9,000 120,000 40,000 40,000 70,000 20,000 70,000 30,000
Overhead 2,000 2,000 1,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Total 10,000 70,000 10,000 130,000 50,000 50,000 80,000 30,000 80,000 40,000

Each participant could face two types of delays to imitate real-life pressure on a decision-maker.
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e Normal delay that its likelihood was between 6% to 10%, which was implemented
as a randomly generated number for each activity.

e A pandemic delay would apply a locked-down period with an arbitrary length of
between 5 and 10 weeks. The purpose of this study was to examine the decision-
making behaviour of supply chain members during times of crisis. Therefore, all
experiments involved the delay caused by a pandemic.

THE EXPERIMENT PROTOCOL

Each round of the experiment involved the following five steps:

Step 1 - The facilitator described the experiment structure and rules, allocated roles and
funds. The roles were assigned randomly, and participants remained with the same role for the
whole experiment. A random number generator was then used to determine the length and the
start week of the delay caused by the pandemic. The participants were not informed about this
latter information until the due week.

Step 2 — Participants started planning their operations. They could decide when to start
each activity to minimise costs and maximise profit. However, once it had begun, they could
not stop overhead payments or add additional working shifts to speed things up. The reactive
approaches were restricted in order to avoid an overwhelming level of complexity.

Step 3 — The experiment set the time unit of the operations as weeks. The facilitator would
announce the start of each week while running a random number generator to identify and
inform the participants about the typical delay for each activity. The players would implement
their plan accordingly, and the costs were deducted per operating over a week.

Step 4 — A full round of the experiment finished when all participants had their activities
completed.

Step S — A questionnaire with the following five open-ended questions distributed among
the participants. It was used to assess participants' perceptions of the factors that influenced
their decision patterns, and those that could contribute to their success under each model.

Did you find any operational strategy useful to achieve success in the collaborative phase?

What would you do if, at some point, your profit opposed the team's benefit under the
collaborative model? Have you ever encountered such a situation in this experiment?

What are the top five characteristics that can help a player succeed in a collaborative
environment? Why?

What are the top five characteristics that can help a player succeed in the traditional model?

Why?

Although we provided some examples for questions 3 and 4, participants were given the
autonomy to include any items they deemed relevant.

The criteria for success in these experiments were defined based on two common Key
Performance Indicators (KPIs): time and cost. The measurement of success was based on the
achievement of these criteria. In order to create personal incentives, in each round, the
participant who could achieve the highest ratio of earnings to the allocated budget would receive
a 303 voucher and a bar of Chocolate.

IMPLEMENTATION OF THE EXPERIMENTS

During April and May 2022, four rounds of experiments were carried out in New Zealand, two
simulating the traditional model and two simulating the collaborative model. Twelve
undergraduate engineering participants participated in this series. In August and September
2022, the same four rounds of simulations were conducted with 18 undergraduate civil
engineering participants from Chile. A random sampling approach was used to select the
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participants. Since each individual in the population had an equal chance of participating,
regardless of their characteristics or traits, this approach ensured a reduced bias in the results.

The experiment took an average of two hours for each round. Thus, a full experiment day
took around four hours, and a total of sixteen hours were spent conducting the experiments for
this study. All decisions and movements made by the participants were recorded using a
spreadsheet. The following is a breakdown of the average completion length (in nominal weeks)
recorded for each project: Project 1: 45; Project 2: 41; Project 3: 36; Project 4: 25; Project 5:
31.

RESULTS AND DISCUSSION

The first question invited participants to reflect on their experiences and identify strategies that
proved effective in achieving success.

The result: Communication and coordination were among the most frequently recorded
success factors. The Discussion: Transparent communication from the beginning of projects
was indicated to be crucial to planning and minimising downtimes. A well-coordinated strategy
is essential for the success of any team effort. In a competitive environment, this is even more
critical. Additionally, the participants stressed the importance of teamwork and collaboration
when prioritising activities. Working together to identify long-term goals helps ensure that all
team members work towards a common goal and can prioritise their activities accordingly
(Zulch, 2014). In order to achieve success, the participants also suggested that an initial kick-
off meeting could be an instrumental step, as it can enable discussion of strategies and the
development of agreements with others. These meetings allow all shareholders to discuss
strategies and reach agreements about the common goal.

Managing projects effectively requires a global and systemic understanding of operations
and supply chain members. With a global perspective, managers can identify areas where costs
and delays can be reduced. Additionally, by having a systemic view of the supply chain, they
can assess potential risks and plan accordingly to ensure that the project is completed on time
and efficiently. To involve a systemic understanding in project management, managers should
create a detailed map of the entire supply chain, identify bottlenecks, and analyse the
dependencies between each supply chain member. It will help them to identify opportunities
for cost savings, as well as potential areas of risk. Additionally, they should create a timeline
for the entire project and ensure that all stakeholders and supply chain members know their
responsibilities and deadlines (Chou & Yang, 2012).

The result: In addition, the participants stressed the importance of mutual agreement and
trust between all parties to achieve success. The Discussion. In order to ensure that the project
is completed effectively, it is imperative to build trust and establish positive relationships
between all parties. It ultimately reduces disputes, reduces costs, and increases overall project
success. These relationships should be maintained throughout the project timeline to ensure
everyone is on the same page and working towards a successful outcome. Trust can be built
through regular meetings between parties to review progress and discuss any potential issues
or risks. Additionally, creating a safe and open environment where people can share their ideas,
concerns, and feedback is another way to establish trust and build strong relationships (de
Oliveira & Rabechini Jr, 2019; Karlsen et al., 2008).

The second question presented a thought-provoking dilemma for the participants, testing
the balance between personal gain and team success. Having personal interests that conflict
with team benefits is a real-life scenario that can occur in a variety of contexts, including
construction.

The result: The answers show that the participants understand the importance of teamwork
for achieving success under a collaborative model. Participants prioritised common benefits
and collaboration in decision-making, while also emphasising the importance of optimising the
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global project and synchronising agents. Despite the potential for individual gains, sacrificing
personal gain for the greater good of the team was seen as critical by the participants, who
displayed a high level of integrity in choosing the team's benefit over their own profit. The
Discussion: The participants' emphasis on prioritising common benefits, collaborating in
decision-making, and sacrificing personal gain for the team's benefit are in line with the
literature on effective team dynamics and collaboration. The collaborative model, in which
parties share profits, risks, and responsibilities, is becoming increasingly popular in the
construction industry as a means of fostering collaboration and improving project outcomes
(Anvuur & Kumaraswamy, 2007; Elghaish et al., 2020; Giménez et al., 2022; Lahdenper4,
2012).

It is paramount to possess certain key characteristics to succeed in the collaborative model
in the construction and project management world. It led to the third question covering the top
qualities of success in the collaborative model.

High Social IQ  —
Integrity  E——————
iy
High Social 1)  E— Team mentaliy
Fast decision making Leadership I —————
Risk Integrity ———
Flexibility Trust I
Trust
Strong decision making Flexibility
Leadershi Fast decision making
Analytical mind Risk ma
Team mentally Analytical mind
0 01 02 03 04 05 06 07 08 Strong decision making
Frequency per respondent 0 0.1 0.2 0.3 04 0.5 056 0.7 08
Frequency per respondent
(a) The collaborative approach (b) The traditional approach

Figure 3: The perspectives about the success factors

Figure 3 (a) summarises the ideas based on the frequency of occurrence in the responses to
question 3.

The result: According to the participants, team mentality and approaching the project as a
collective effort were the most relevant characteristics for success in a collaborative
environment. The discussion: When the team is united, they can share ideas and resources more
effectively and better understand each other's strengths and weaknesses. It allows them to better
coordinate tasks and collaborate on solutions (Mack et al., 2008).

The result: A strong analytical mind was found to be among the top three important factors
to success for participants. It allows them to assess situations, identify potential problems, and
make informed decisions. The discussion: teams need to understand better the problem and the
resources available to find solutions more effectively. Analytical skills can assist teams in
resolving problems more effectively, creating a more harmonious environment that facilitates
achieving the desired results (Asfar et al., 2021).

The result: Participants ranked leadership as the third most influential factor that would lead
to success. The discussion: It involves leading the team to achieve common goals, making
decisions, and resolving conflicts. Effective leaders can motivate the team, inspire them to work
together, and set a positive example. They can listen to the team and consider their opinions
when making decisions. They can also manage conflicts effectively and maintain a healthy
work atmosphere (Nishizaki & Seed, 2015). There was some difference between the identified
success factors of the traditional model and those of the collaborative model. Error! Reference
source not found.(b) summarises the answers to the fourth question regarding the success
factors of the traditional model based on the frequency of items among the responses.

The result: In the eyes of our participants, strong decision-making stood first among all
other success factors. The discussion: The construction sector often involves a considerable
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amount of decision-making, risk assessment and quick thinking. It is particularly critical to
developing these skills in traditional models. In the model, individuals are valued for managing
risks effectively and coming up with smart decisions (Flyvbjerg, 2021). Therefore, it is crucial
to have strong decision-making skills, as decisions are expected to be reached quickly and
effectively without the support of a large team.

The result: Strong decision-making skills are crucial in the traditional model, as participants
are expected to make quick and effective decisions without relying on the support of a larger
team. The discussion: A strong analytical mind was also listed as one of the three most
important characteristics of success in this model. An analytical mind helps individuals better
understand the world's complexities, identify patterns, and make informed decisions that can
lead to greater success (Alvarenga et al., 2019).

The result: Risk management has been identified as one of the top three success factors in
the traditional model. The discussion: A thorough understanding of the construction industry
and a strong ability to assess risks and evaluate potential outcomes are required for supply chain
members to assess risks, evaluate potential outcomes, and make decisions accordingly. Risk
management can assist in identifying and resolving upcoming problems before they become
issues. Moreover, it can minimise the negative effects of any risks that may occur and ensure
that the project remains on schedule and within budget (Mican et al., 2020).

The result: Both the collaborative and traditional models in the construction industry
emphasise analytical mind but require different specific traits for success. The collaborative
model emphasises team mentality and leadership, while the traditional model emphasises strong
decision-making and risk management.

The result: Most participants preferred the collaborative model over the traditional one to
achieve success when asked after the experiments. The main reason for this preference was the
ability to better coordinate and communicate with their peers, which led them to make more
effective and efficient decisions which could result in lower risk-taking. Participants believed
collaboration and teamwork could improve workflow, reduce costs, and achieve better results.
The collaborative model, according to them, also contributed to more equitable profit
distribution and improved performance. Additionally, participants noted the importance of
sharing information and risks, as well as enhanced synchronisation, which contributed to their
success. Overall, participants reported that the collaborative model provided better
coordination, communication, and cooperation among all members, resulting in faster, more
efficient, and more successful outcomes.

The result: Although there were some differences in frequency between the two countries,
the items and their order followed a similar pattern. It suggests that the findings were largely
independent of the work environment in the two countries, providing an accurate comparison
for further research.

CONCLUSIONS

Using a laboratory experiment methodology, behavioural operations management research was
conducted to examine how decision-making behaviour patterns and crises impact typical
construction supply chain members. We conducted four days of experiments in two countries,
each with two rounds. A traditional work model was simulated in the first round, while a
collaborative approach was tested in the second round. After the administration of a
questionnaire and a content analysis, several key points were identified.

When comparing the collaborative and traditional models of managing supply chains in the
construction industry, it is evident that both models prioritise certain key characteristics, such
as analytical thinking. However, it is imperative to note that each model requires different
characteristics to succeed. The collaborative model emphasises team mentality and leadership.
In this model, it is essential to have a team player who collaborates with others. Any team
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member should be able to prioritise the team's benefit over their interests. Additionally,
effective team leadership and management practices can facilitate team cohesion and support
collaborative project management efforts.

On the other hand, the traditional model emphasises traits such as decision-making ability
and risk management ability. In this approach, various stakeholders are expected to work
independently. It is essential for individuals to possess strong decision-making skills and
manage risks independently. Effective decision-making involves evaluating multiple options
and choosing the most appropriate course of action based on relevant information, while risk
management involves identifying and mitigating potential hazards and uncertainties.

Sharing insights and lessons learned from these experiments contributed to developing a
collective understanding of what it takes to succeed in a competitive environment. Teams
seeking to improve their performance and achieve their objectives can benefit from this
information.

This study presents the first step in developing a laboratory experimental approach to
investigating management strategies. There were some limitations to this study regarding the
number of experiments, the number of models tested, and the sampling criteria for participants.
Therefore, further research is required to verify the reliability of the results. During future
research, experiment sizes will be increased, and new models will be tested using different
sampling criteria for participants. Cognitive errors may also have negatively affected the
results. For example, trust, team mentality and integrity are three concepts susceptible to being
confused in participants' minds. In order to accurately measure data, it is critical to define
reliable indicators for each concept. To determine the impact of these factors separately, it
would be appropriate to focus on one concept at a time. It would ensure that the data collected
is specific to that concept and not impacted by any other concepts being studied. It will help to
minimise ambiguity and ensure that the data accurately reflects the intended meaning of the
concepts.
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