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Abstract

Improvisation is rational and decisive, deterministic and emergent, but impulsive and fuzzy. While the results of improvisation are
perfectly understandable after the fact, the decision process is spontaneous in its making. Improvisational practices continue to exist
within numerous construction operations where unforeseen uncertainty cannot be fully avoided. Therefore, a construction project
will greatly benefit from applying an adaptive planning system that employs improvisation and hence reacts rapidly and wisely in
case of unplanned or newly emerging problems. This study aims at developing a simulation model that depicts the improvisation
process at the level of planners associated with different construction trades and identify different influencing factors. First, after
attaining a thorough understanding of the process based on previous research studies, agent-based modelling is used to model the
improvisation process that occurs at the level of each agent (planner), as well as the interaction processes that arise between the
agents and the environment (construction project), and among the agents themselves. The simulation model takes into consideration
several types of parameters that highly influence how each planner improvises. These parameters are planner-related, project-
related, as well as problem-related. The contribution of this study lies in developing a better understanding of the improvisation
mechanism within construction as well as identifying the impact of various types of influencing factors on the overall improvisation
performance. Future research is recommended to better enhance the practices of improvisation for different construction projects.
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1. Introduction

Planning in construction is an indispensable process that spans throughout the project’s life cycle and aims to
achieve the project’s objectives related to time, cost, quality, and safety. Planners and schedulers have always
highlighted the importance of planning for organizing work, reducing risk, facilitating communication, maintaining
good control, as well as reaching their desired objectives [1]. Unfortunately, traditional planning practices cannot
develop plans and procedures for all possible scenarios and eventualities [2]. Therefore, improvisation may turn out to
be the final resort for addressing the issues of uncertainty, dynamism, and complexity [3].

Improvisation has recently gained a wide interest in the field of organizations as it significantly contributes for
better managing the problems of unforeseen uncertainty [4]. Numerous organizations have relied on improvisation to
deal with unplanned interruptions and compensate for the limitations of traditional planning and improper management
[5, 6]. Therefore, understanding the dynamics of improvisation has become a necessity to survive in dynamic, complex,
and/or uncertain organizational environments. Improvisation is the act of formulating a decision or performing an
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action without having the optimal resources and/or information [7]. It helps decision-makers to make their decisions
at the spot, without having the luxury of preparation [4]. Accordingly, researchers have demonstrated the practices of
improvisation in different organizational settings and looked at different fields of application to analyze the process.

Due to their increasing levels of complexity, construction projects have been characterized with interdependent
types of uncertainties [8, 9]. Accordingly, one of the main issues that face planners in construction is the inability to
stay on the right track during the construction phase due to uncertainty, improper planning, and unforeseen conditions.
As a result, construction literature has introduced new procedures into planning to efficiently reduce the problems of
uncertainty and variability. The Last Planner System (LPS) is developed to manage foreseen or expected uncertainties.
It supports planning with greater detail as execution is approached so that constraints are removed prior to execution
or construction [10]. However, a complex environment requires improvisation as a complementary practice for
planning since it helps planners and decision-makers handle unplanned incidents which are unavoidable in any work
environment [4, 7].

Improvisation in construction is an interesting practice to cater for the dynamism and the glitches resulting from
unexpected uncertainty. However, few contributions are made in the literature to explain improvisation in the context
of construction operations. The aim of this study is to better manage the unforeseen uncertainties in construction
through analyzing the process of improvisation at the level of different planners within a certain construction endeavor
and identifying the linkages between the overall improvisational outcomes and different project and planners-related
factors. This research employs agent-based modeling to develop a simulation model that depicts the improvisational
practices within a construction project. This paper entails a literature review of the improvisational practices in
organizations and construction as well as background information about agent-based modelling. Then, the
methodology of the study is explained, and the conceptual framework along with the agent-based model is presented.
Finally, the paper encloses with a set of conclusions and future research works.

2. Background
2.1 Improvisation in organizations

Improvisation in organizations has been analyzed through looking at different perspectives. Innovation, creativity,
and spontaneity have always accompanied the definitions of improvisational practices in organizations [11]. On the
other hand, several researchers have looked at improvisation as a supportive practice that links between traditional
plans and unforeseen situations [12]. Another approach for analyzing improvisation has focused on the method
followed while improvising; improvisation is mainly re-combining the existing conditions, routines, and resources to
manage unplanned situations [13]. In addition, as a general definition, improvisation is “the conception of action as it
unfolds, by an organization or even one of its members, drawing on available material, cognitive, affective and social
resources” [14].

Recent studies have considered improvisation as an essential performance variation that should be employed in
rapidly changing and/or uncertain environments [4]. However, the possibility of generating accidents while
improvising at operational work has been documented in the literature; hence, showing the need of advancing the
knowledge of improvisation prior to start practicing [15]. Therefore, organizations have focused on analyzing the
process of improvisation and studying its different influencing factors so that it’s properly practiced. For instance,
Trotter et al. (2014) have analyzed the application of Rasmussen’s (1997) Risk Management Framework and Accimap
methodology for identifying the influencing factors of improvisation in critical safety situations [16]. Moreover, some
researchers have studied the appropriateness of improvisation for competing with other organizations through better
responding to unexpected market conditions [17].

Different influencing factors of improvisation has proven to be crucial while analyzing or predicting the improvised
outcome. These factors involve: experience, education, training to improvise, teamwork, collaboration, situation
awareness, information flow, organizational structure, organizational memory, organizational culture, and authority
mitigation [3, 18]. Besides of its influencing factors, improvisation has been described by a set of characteristics to
assess its degree such as speed, novelty of input, and time pressure [3, 6, 14]. Also, the severity of improvisation has
been portrayed as a continuum; it starts with interpretation, then proceeds to embellishment that’s followed by
variation, and finally ends up with improvisation [14].
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2.2 Improvisation in Construction

Project control methods have gone through tremendous improvements with the aim of optimizing different
performance indices, managing variability as well as catering for uncertainties. The Last Planner System is one of the
control methods that intends to increase planning reliability and improve the project’s overall performance by planning
at different levels of detail during the construction phase. The LPS focuses on the quality criteria prior to execution of
the tasks in order to avoid deviations resulting from uncertainty and/or improper planning [19].

Failures during construction have been classified into three categories [20]. The first category involves failures in
executing planned tasks due to deficiencies in identifying constraints and removing them on time. The second category
includes failures due to lack of proper planning and anticipation. Finally, the third group includes failures caused by
uncertainties that cannot be foreseen or planned for. Construction planners are advised to enhance their improvisational
skills for better managing the third category of failures [20].

A previous research study has modeled improvisation in construction as a decision making process and explained
its different stages [21]. Also, another study has defined improvisation in construction as a deliberate decision-making
process that is usually used when: 1) speed is required to meet a deadline, 2) planned procedures fail to meet the
requirements, 3) pre-planned strategies fail to manage a sudden problem, and 4) standardized procedures fail to catch
up with daily ameliorations and progress [22]. Statistical analyses of this study have highlighted the frequent types of
problems initiating improvisation and showed the effect of some personal and organizational characteristics on the
outcomes of improvisation. The study concluded that “failure in execution” and “seeing opportunities to improve ready
and sound tasks” are the most frequent triggers of improvisation in construction. However, the degree of novelty along
with the level of complexity are distinguished as criteria to assess the significance of the associated problems initiating
improvisation. Moreover, the outcome of individual improvisation is measured through two outcome indices which
are: the level of emerging waste and the task completion status. On the other hand, task completion represents the
extent to which planner has completed or solved the task under consideration via improvisation [22].

Results of the study showed that personal traits such as high experience, reacting well to time pressure, taking risks,
and communicating with others have a significant impact on the level of emerging waste and the task completion status
when employing improvisation. Furthermore, Organizations that empower employees, keep good records, and give
levels of authority to experienced employees in the field have higher chances of sound improvisations [22].

While causes and some influencing factors of improvisation in construction have been examined in previous study,
the overall behavior of several improvisers working together on a single construction project hasn’t been analyzed yet.
Indeed, different improvisational capabilities of planners who work in different trades within a construction project, as
well as the level of the unexpected uncertainty associated with that project highly influence the total improvisational
outcome. This paper employs agent-based modeling for explaining the improvisational mechanism of a group of
construction individuals working on certain construction project.

2.3 Agent-based Modelling

Modelling is the act of projecting or imagining a certain occurrence, situation, or incident in individual’s mind and
then formulating it explicitly [23]. For explaining and representing these models, different approaches are used such
as mathematical modelling that leads to analytical solutions for the perceived models. Mathematical modelling is
mostly pertained to models or systems of which components and relationships can be expressed through mathematical
equations [24]. However, most of the real-life occurrences and social systems are very complicated so they require
computer simulation to be analyzed instead of the analytical approaches. Simulation is “the process of designing a
dynamic model of an actual dynamic system for the purpose either of understanding the behavior of the system or of
evaluating various strategies for the operation of a system” [25]. Simulation is employed to mimic the operation of a
real-life system by creating a simplified surrogate model representing that system. Systems are mainly simulated for
measuring their performance, improving their operation, and/or testing the effect of a change or newly proposed
practices [26].

Agent based modelling (ABM) is a recent approach used to model complex systems for the purpose of
understanding, explaining, or analyzing how they do work. “Agents” are considered the main constituents of these
systems; they are autonomous and interacting among each other and with their environment. Agents can be people,
time, space, asset, a controlling element, or even a collection of elements. A set of static and/or dynamic attributes
usually distinguishes them. Dynamic attributes are deemed important during simulation since they change according
to the agents’ interactions. Agents with different dynamic attributes behave differently, however; the overall behavior
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of the system cannot be predicted. Hence, simulation is required to conclude the inclusive emergent behavior of the
existing system [27]. On the other hand, static attributes are fixed and unchangeable during simulation. They are
usually used to distinguish between different agents.

Numerous researches have used agent-based modeling to mimic different systems in various fields of application.
This approach of modeling has been employed to analyze organizational behaviors, transportation, economic, social,
ecological, and robotic systems [28]. In the field of construction, agent-based modeling has grabbed the interest of
several researchers since construction operations are inherently complex and non-linear [29]. Also, modelers have
always emphasized on enhancing the construction safety, and thus simulated several scenarios for that purpose. For
instance, Palaniappan et al. (2007) has modeled the causes of accidents on construction sites and the interactions
between different project factors, aiming to enhance the safety performance on sites [30].

This study adopts agent-based modeling to analyze the improvisational practices of different groups of improvisers
within a construction project. The simulation model aims to explain how the improvisational process occurs at the
level of each planner, and it tends to examine how different combinations of improvisers and project-related factors
shape the overall improvisational performance.

3. Methodology

A stepwise research methodology is designed to reach the study’s objective. First, the authors have conducted a
review on previous studies that addressed the topic of improvisation so that different types and characteristics of
improvisational practices occurring in different organizational settings are examined. Then, a review on major
contributions that aim to manage uncertainty as well as make use of improvisation in the construction field is
performed. Also, a previous exploratory study addressing improvisational practices in construction is examined so that
necessary data analysis and statistical outcomes are assessed and considered to be used further in this study. As a result,
research gaps have been identified, and the contribution of this study in enhancing the practices of improvisation in
construction has been set accordingly.

Second, agent-based modeling is used to mimic the behaviors of the improvisers. A conceptual model is developed
while identifying the main environment, agents, influencing factors and parameters, as well as agents’ behaviors and
interactions. Building the components of the model is mainly based on the statistical findings of a previous research
study as well as the available literature. Modeling the improvisation process could be considered as continuous loop
that any construction individual could pass through. This loop starts with a problem causing improvisation and
accordingly initiating the interaction between improvisers and the surrounding environment; this interaction is modeled
using ABM. Then, agents improvise by passing through a well-defined process where behaviors and rules of
interactions are set. Finally, the improvised solution is reached, and the level of success is determined accordingly; this
is also modeled using ABM.

4. Agent-Based Modeling
4.1 Conceptual Framework

A conceptual framework is developed for elucidating the process of improvisation at the level of different
individuals working together and interacting with one another within the same construction project. Also, this
framework aims at depicting the impact of different improviser and project-related factors on the overall
improvisational performance. The contribution of the developed conceptual model lies in providing a better
understanding of the dynamics of the improvisational practices within a group of construction individuals as well as
guiding construction professionals and planners to properly practice improvisation and make use of it under unexpected
or unplanned conditions.

Similar to any organizational setting, improvisation in construction is usually observed in case of emergent,
unplanned, and/or unexpected situations. Individuals who are in charge of executing, supervising, or planning for
construction tasks are those who may face unexpected or unplanned work and eventually may end up improvising to
solve the problem in hand. In other words, improvisation in construction occurs while individuals are trying to execute
a certain task or endeavour. In this study, those individuals are called “planners” since they always have to plan even
if they execute or supervise the work. Therefore, in this context, planners are potential improvisers. In case they decide
to improvise, they will either succeed to solve the problem under consideration or not, depending on different
influencing factors which are addressed in this framework.
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Different types of influencing factors significantly affect the way individuals improvise in construction and
accordingly shape their improvisational outcomes. Construction planners usually improvise as they have to take
decisions or actions swiftly in order to cope with an unplanned or unexpected event or situation. However, problems
initiating improvisation are different in nature so that they require varying levels of improvisational efforts to be
resolved. According to a previous research study, causes of improvisation are most likely to be: 1) missing pre-
requisites, 2) inadequate definition of task, 3) opportunities to improve sound tasks, and/or 4) new circumstances during
execution [22]. However, each kind of these problems is characterized by certain criteria that determine the extent of
improvisational significance. These problem-related factors should be considered to analyze the process of
improvisation rather than exploring different kinds of problems. The level of complexity and the degree of novelty are
significant parameters to identify the required degree of improvisation and accordingly classify problems based on
their improvisational requirements [22]. However, in the context of construction, there are other problem-related
factors which can influence individual improvisational practices such as the number of trades on which the problems
depend and the availability of the time duration to solve each problem. The following table provides definitions for
problem-related factors, each of which can highly impact one’s improvisational outcomes in construction.

Table 1- Problem-related factors
Problem-related factors Definition

Extent to which the goals associated with a given problem are undefined or
Level of complexity unclear, and the degree to which the required methods to resolve the problem via
improvisation are complex or hard.

Degree of novelty Degree to which the problem in hands is totally new and novel
Trade interdependence Number of trades on which the problem relies on
Time Availability Available time to generate an action or decision in order to resolve the problem

On the other hand, improvisers have varying levels of personal criteria that highly shape their improvisational
practices and accordingly influence their improvisational decisions or actions. For the same problem initiating
improvisation, improvisers are expected to end up with different outcomes depending on their personal traits. Previous
statistical analyses and hypotheses testing show that work experience, reacting well to time pressure, taking risk, and
ability to communicate with others are significant influencing factors while studying improvisation in construction
[22]. Also, the trade to which an improviser belong significantly shapes his/her improvisational process or mechanism.
Another type of influencing factors is related to the project itself. The level of unforeseen uncertainty determines the
extent to which improvisation is required in a certain project. In this framework, the level of uncertainty is modeled as
a distribution of different types of problems initiating improvisation; these problems impose varying levels of
improvisational efforts. Moreover, the distribution of improvisers among the trades as well as the way problems
initiating improvisation are dispersed among the trades highly impact the overall improvisational performance in the
project.

After identifying each of the problem, improviser, and project-related factors, construction planners will pass
through the improvisation process and end up with a certain improvised decision or action. The success or the rightness
of the improvised outcome is measured in this model through two outcome indices: 1) Level of emergent waste: how
much waste is produced due to improvisation, and 2) Task completion status: how much the improvised decision or
action has completed the task in hands or solved the problem. Therefore, improvisers might end up with one of the
following outcomes: 1) Task completion without waste, 3) Task completion with waste, and 3) Task incompletion.

Note that improvisational experience is an essential parameter that affects the behaviors of improvisers with time.
Initially, each improviser has a certain initial improvisational experience depending on his personal criteria. However,
this initial experience won’t be constant as improvisers are experiencing new improvisational instances as well as
interacting with other improvisers within the same project. Therefore, the initial experience of improvisers will increase
with time differently as they pass through different improvisational tasks. Moreover, it will also increase due to the
interaction and learning effect among improvisers who belong to the same trade.

4.2 Results and Discussion

After developing a conceptual framework related to improvisation in construction, an agent-based model is built up
through first identifying its component, then recognizing the linkages among these components. Fig.1 explains the
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rationale of the agent-based model. First, the environment is the construction project during which all construction
planners belonging to different trades work and interact together. Second, problems initiating improvisation have
different parameters such as level of complexity, degree of novelty, trade interdependence, and time availability. These
problems are created as events in the environment so that improvisation is initiated at the level of different planner. As
the problem reaches an improviser who is the main agent in the model, personal influencing factors shape the
improvised outcome which is based on two outcome indices: 1) level of waste, and 2) task completion status.

Environment: Construction Project

Eveni (  Problem )

Y

Level of Degree of Trade Time
Complexity Novelty Interdependence Availability

\ 4

Agent ( Improviser )

A A4
Work Reaction to time Risk L.
. Communication Trade
Experience pressure Assessment

A 4

Outcome Imp l‘C?\ilSGd
( Decision )
Tasl\ Tasl\ Task
Completion Completion Incompletion
without Waste with Waste P

Fig.1. Agent-based Model

5. Conclusions and Future Work

Construction planning is deemed a crucial practice that aims to translate the project’s goals into executable plans.
However, one of the main issues that face planners and schedulers is the inability to stay on the pre-planned track
during the construction phase. In some cases, such planning failures can be attributed to improper or even insufficient
planning practices. However, failing to achieve the prearranged plans is often provoked by unforeseen or uncertain
conditions, which are deemed companions to any construction project. Planners have tried hard to manage uncertainties
in construction; however, unexpected uncertainties continue to exist during execution. Therefore, improvised solutions
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are usually required under such situations for maintaining full control on construction processes and reducing the
potential induced losses and delays. Unfortunately, very few researches have tried to enhance the understanding of
improvisation in construction, though it is an unavoidable practice in numerous construction operations.

Modeling the improvisation process could be seen as a continuous loop that any construction planner could pass
through. As a rule, the loop starts with a problem from a given environment and the corresponding interaction that
would occur due to this problem between the agent and the environment (modeled using Agent Based Modeling),
followed with a solution generation process to reach the improvised decision, during the solution generation process
different interactions would occur between different agents (modeled using Agent Based Modeling), finally an attempt
to implement the solution by improviser is done and the level of success is determined accordingly ( modeled using
Agent Based Modeling).

Improvisation is a topic that is being addressed by several studies; some studies define it while others describe it.
This paper sets the premise for modeling the improvisation process and thus offers the ability to measure the
performance of improvisers as well as the impact of improvisation on the planning and construction process. Therefore,
proper proactive actions could be taken to optimize the improvisation process in construction. Besides, defining and
modeling different attributes which construction planners would provide the capability of better understanding the
mechanism that each improviser can follow.

To achieve the above-mentioned goals, further research work is required to perform the following: 1) Quantifying
the defined attributes and provide a weighing factor for each one, and 2) Gathering data corresponding to different
cases from the construction industry in which failure occur and use them as input, 3) Running the simulation model
for several cases, and 4) Measuring the influence of variation of personal and project-related factors on the improvised
outcomes.
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