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In recent years, in response to higher construction industry standards for project design and delivery under budget, time

and safety constraints, technological advances have dramatically changed how design and construction information is

represented andmanaged. To prepare students to respond to these new industry demands approaches to teaching dynamic

construction planning and management practices are changing. As a result, simulation games are gaining interest as an

approach to providing students with learning experiences better aligned with complex problems in the areas of

construction bidding, planning and management. However, while the use of simulation games in teaching construction

shows some promising results, it remains sporadic due to high development costs, implementation challenges, and

uncertainty of their effectiveness as learning tools. To address this gap, we developed and evaluated a free and open-source

construction management game—the Virtual Construction Simulator (VCS)—that involves teaching a more holistic

decisionmaking process to planning andmanaging construction projects. This paper discusses the learning objectives that

guided VCS3 development, implementation and assessment, and concludes with findings and recommendations for its

broader implementation and future research.
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1. Introduction

Construction management activities, such as plan-

ning and scheduling, are inherently complex, often

ill-defined and can be resolved using many possible

solutions. Determining the best solution involves
numerous iterations and frequent solution evalua-

tions. In construction planning, this process

includes recognizing tasks and resources needed to

complete each of the tasks, and it typically begins by

identifying project constraints, goals, construction

activities and durations in order to compute the

overall project timeline. However, construction

plans are subject to constant revisions and adjust-
ments due to unexpected events and complex inter-

actions between resources, labor productivity, or

budget. Consequently, construction students learn-

ing these processes often struggle to understand the

depth and complexity of such fundamental aspects

of the field when acquiring the skills necessary to

manage inherent project risks, employee safety, or

construction quality and responding to schedule
changes and delays.

In response, computer simulation games have

shown great promise in engaging students to solve

complex and ill-defined problems common to the

design and construction fields. Simulation games

can capture complex relationships between various

variables that learners through play can identify and

make corresponding decisions. However, develop-
ing and implementing these innovative and non-

traditional teaching methods in construction curri-

cula remains a challenging process. In the construc-

tion education domain, a growing number of

simulation game initiatives aim to address topics

ranging from high-level organizational manage-

ment to activity-specific simulation. However,
very few of these games have moved beyond the

research phase to broad curriculum implementa-

tion. Clearly, the potential of simulation games

suggests they should be more widely supported in

construction education as learning and teaching

tools.

To address this challenge, we developed the

Virtual Construction Simulator (VCS3), a free and
open-source simulation game that holistically intro-

duces scenario-based construction project planning

and management. The VCS teaches students to

recognize and anticipate howplanning andmanage-

ment decisions, as well as external factors, can affect

various site productivity metrics and influence

changes in construction schedules. Here, we

review previous simulation game literature with
respect to constructivist and active learning theories

and frameworks. We then detail theVCS3 develop-

ment, including the learning objectives, the learning

mechanisms and the game play. The remaining

sections describe the implementation process in

introductory- and advanced level construction

classes to assess student learning gains, attitudes

and game usability. Finally, we discuss our findings
and the changes made between implementations,
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and document our assessment guidelines for

instructional support.

2. Why simulation games?

The need for critical thinking education has been

identified in the socio-economic shift toward

laborers who are required to solve complex pro-

blems [1, 2], and teaching students the critical

thinking skills that foster reflective judgment has

been deemed a primary goal of higher education [3].

Educational researchers and scholars [1, 2], [4–7]

generally recognize critical thinking as the ability to
makedecisions to solve complex problems. Further-

more, as opposed to rote memorization, constructi-

vist and experiential learning theories assert that

critical thinking involves a student’s ability to think,

analyze, or evaluate, and that knowing ‘‘how’’ is

more important than knowing ‘‘what’’ [8]. In parti-

cular, Dewey’s [4] emphasis on the role of reflective

thinking to recognize uncertainties in the problem
definition is relevant to construction practice and

education. Traditional approaches to classroom

instruction have been criticized for failing to capture

the ill-defined nature of construction problems

characterized by competing goals, multiple solu-

tions, unexpected problems, various constraints

and human factors [9]. Thus, many researchers

maintain that these approaches do not adequately
prepare students with necessary decision making

skills for industry tasks [10, 11]. By contrast, simula-

tion games in construction education have been

explored to foster the critical thinking process and

enable learners to off-load unproductive tasks such

as memorizing or calculating, and instead more

quickly experiment, identify relationships, and

organize information formoremeaningful learning.
At their core, simulation games present a simpli-

fied model of reality in which students strive to

complete tasks governed by rules and constraints

[12–14]. While simulation games have existed since

the 1970s, they have only recently gained renewed

interest due to their ability to accommodate varying

learning styles and engage users in personalized

teaching and a positive attitude towards learning
[15]. Simulation games are based on assumptions

informed by theories of situated, experiential, or

problem-based learning which argue that learning

is more effective when students assume active roles,

consider problems from various perspectives and

reach conclusions by testing solutions and reflecting

on the outcomes of these solutions [16–18]. In

particular, experiential learning approaches begin
when students apply ideas and understand the

effects of decisions in order to discern causal rela-

tionships and principles that they can then apply to

new situations [19]. Conversely, traditional didactic

teaching and learning approaches, such as lectures,

are grounded in the information processing theory in

which students receive, assimilate, and infer the

information to general principles before they learn

how to apply those principles—an approach in

which incentives to learn are not clear until the
last stage (ibid.).

From the educational and cognitive psychology

view, learning is comprised of cognitive, metacog-

nitive, and motivational components [20]. The

metacognitive aspect is particularly interesting as it

is context based, and entails a realistic problem-

based situation to learn how, when and what skills

to apply to particular problems [20, 21]. Research in
education argues that problem solving activities

situated within the context are crucial for learning

more effective domain-specific strategies compared

to general problem solving strategies [22–24].

Furthermore, domain-specific strategies are gradu-

ally acquired through experience, which allows

experts to recognize problem types and apply famil-

iar strategies [11, 25–27]. Jaafari et al. [28] illustrated
that in construction planning, the mental frame-

work to visualize construction processes and to

determine the feasibility of decisions made is

acquired through experience on actual projects, an

advantage that students typically lack. As a result,

students should engage in problem solving activities

in which they learn to identify problems, determine

constraints, and generate and evaluate multiple
solutions to inform their decisions [29, 30]. Two

major themes promoting the use of simulation

games in education are (1) their motivational

power to engage the learner, and (2) an active

process of learning by doing [31–33].

Because actual construction projects are charac-

terized by frequent alterations, such as unexpected

delays and changes in site conditions or design,
many simulations developed for construction edu-

cation aim to teach students the variability of these

processes, and equip themwith skills to react, adapt,

and modify strategies accordingly [34, 35]. The

current literature reports two main groups of com-

puter-based simulation environments in construc-

tion education (Table 1). The first group focuses on

simulating managerial activities at the organiza-
tional level, such as bidding,marketing, or company

management; the second simulates decisions at the

project- or activity-level, such as scheduling or

managing site resources. More recent efforts seek

to integrate information from BIM models into

game engines [36, 37], teach safety training [38]

and lean and sustainable principles [39]. The list

suggests that most simulation games are team-
based, and that project-level games mostly focus

on specific project type [40, 41]; or activity type [42–

44]. Furthermore, few games on this list are widely
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available [41, 42] and provide instructional support

for class implementation [45, 46].

These studies demonstrate an increasing interest
in developing contextually rich construction educa-

tion environments for students. Yet, one of the

remaining issues in understanding the educational

benefits of simulation games and best practices for

their use is still rather limited implementation and

the lack of a structured, objectives-driven approach

to defining, developing and evaluating educational

simulation games. The literature further reveals that
the game design typically overlaps with the use of

games, and thus the method of their development

remains largely overlooked in education games

research [15]. Challenges that still hinder the

broader adoption of simulation games within curri-

cula include the lack of understanding of clear

learning objectives that inform game design and

assessment, as well as the instructional support for
the non-gamer educators to successfully implement

simulation games in classrooms. Assessment meth-

ods are often contested because simulation game

learning approaches generally involve more com-

plex processes of solving ill-defined problems.While

simulation games offer learners the means to moni-

tor their own performance through metrics such as

levels completed, cost, or time for example; a
successful outcome, or even failure, are not the

only indicators of the learning process. Therefore,

measuring learning gains from simulation game

approaches differs from that of traditional assess-

ment, as the trial-and-error approach and learning

through failure are integral and powerful facets of

the learning process.

On the other hand, successful implementation of
simulation games also hinges on engaging the

instructor in the learning process. Though educa-

tional simulation-games support learning by pro-

viding in-game performance feedback, their

effectiveness still depends on an instructor’s ability

to understand the role of the game in reinforcing

the learning process. Debriefing and scaffolding are

recognized as critical pedagogical elements of the
game-based learning; the instructors’ role is to

ensure that students meet the specific learning

objectives [15, 47, 48]. As instructors are not

necessarily game developers, they may be unfami-

liar with game-based learning and limited by the

general lack of instructional support for using

simulation games. The greatest criticism of the

constructivist approach is the lack of detailed and
systematic development of instructional design

guidelines and translation of the constructivist

views inside classrooms. Providing instructors

with necessary materials, guidelines, technical,

instructional and assessment support is thus

equally important to ensure the broader adoption

and adaptation within curricula.

3. The virtual construction simulator
(VCS) game—case study

To address some of the challenges to broader

adoption of simulation games in construction cur-
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ricula, we developed the free VCS31 game as a

compelling and holistic learning experience for the

dynamic construction planning and management.

The pedagogy of the VCS game extends the specia-
lized focus of existing construction games to sup-

port flexible and custom scenarios for individual

learning of how the decisions and dynamic factors

affect the construction progress. We documented

this process through a set of development, imple-

mentation and assessment guidelines for instructors

discussed in the following sections.

3.1 Design

3.1.1 Learning objectives

The primary objective of the VCS3 simulation game

is to engage students in a holistic understanding of

the dynamic nature of construction projects as they

are influenced by both planning and managerial

decisions and outside influences. Specifically, the
goal of the game is to guide students through the

many common decisions and considerations typical

in (1) planningproject constructionand (2) respond-

ing to changes during construction duration as they

are affected by resource management decisions,

varying labor productivity levels, and unforeseen

influences such as adverse weather conditions, lack

of employee experience, overtime cost overruns, or
construction congestion. As a result, our learning

objectives for the VCS3 game aim to allow students

for a given project scenario to be able to:

1. Identify project constraints such as client

goal(s), budget, resources, and time;
2. Develop resource-efficient construction

sequence to meet the project goals by compar-

ing construction methods in terms of cost,

resources, and daily output;

3. Determine daily resource needs and efficiently

manage and allocate resources on site;

4. Recognize and adapt to changes to the con-

struction plan and factors affecting the overall

schedule (i.e. the difference between as-planned

and as-built);
5. Given these strategies and outcomes, evaluate

and explain the risks and tradeoffs in managing

project duration, productivity, cost, quality and

safety.

To achieve these objectives, the game was con-

ceived as a two-mode process (Fig. 1) in which

students first develop a plan for a small pavilion

project (Fig. 2) according to specific project objec-

tives (e.g. adhering to budget and/or project dura-
tion) and then, simulate daily construction

activities based on their plan. While the simulated

construction period varies according to students’

plan, we based the game on a seven-day duration as

a frame of reference for a real project. In the

simulation phase, students acting as superinten-

dents ‘‘hire’’ and dynamically allocate resources

daily on site for each starting activity based on
their plan, adjusting for unexpected effects of

adverse weather and fluctuating labor productivity

due to varying levels of workers’ experience, over-

time requirements, or site congestion. At the end of

each simulated day, the game generates a progress

report for students to review and make any neces-

sary resource adjustments for the following day.

Figure 1 illustrates the intended learning process in
which students plan and manage the construction

project, and also how they can test various con-

struction sequences to implement the most effective

plan.

Grounded in the Kolb’s learning cycle [49], this

experiential learning process allows students to test,

observe, act and reflect upon the project outcomes,

thus gaining a holistic understanding of the rela-
tionships between activity sequence, resources allo-

cations, and various other dynamic factors.

Through experimentation, students are able to

develop problem-solving skills such as identifying
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challenges, and testing alternatives to arrive at most

optimal solutions. Specifically, we designed the

VCS3 simulation game to:

� Promote application of construction knowledge

to resolve conflicts;

� Establish a broad understanding of construction

planning and management through a holistic

approach to representing its interrelated compo-

nents;

� Facilitate learning by allowing students to experi-

ence the outcomes of their decisions within a
short time frame;

� Provide a realistic, risk-free, and fun experiential

learning environment where one encounters suc-

cess and failure without actual consequences; and

� Encourage reflection and discussion of the learn-

ing experience.

3.1.2 VCS3 simulation game design

To fulfill the above learning objectives and promote
this process of dynamic iteration of alternatives, the

VCS3 game development primarily addresses a

standard critical path method (CPM) approach to

teaching construction planning and introduces the

system dynamics model and automated calculation

of both as-planned and as-built schedules [50, 51].

The CPM method, which is typically employed in

traditional construction curricula, requires a high

level of technical competency, and has been deemed

insufficient in teaching students about fluctuating

labor productivity and changes that typically occur

on a construction site [52, 53]. Under the traditional

approach, students gather construction productiv-
ity data from common data sources such as RS

Means, and calculate activity durations before

developing a sequence, which is a time consuming

process that typically limits the exploration of

alternative solutions. In contrast, the VCS3 auto-

matically calculates construction activity durations

from the daily production outputs of the selected

resources and associatedmaterial quantities (Fig. 2,
right). The underlying system dynamics model

calculates actual (as-built) durations from the

resources students allocate during the simulation

and labor productivity based on workers’ experi-

ence, weather, overtime, or congestion.

Table 2 summarizes the VCS3 game and pedago-

gical elements designed to contribute to enhanced

learning, motivation and information retention.
The simulation component with the game’s system

dynamics model provides a realistic and feedback-

based learning experience. Importantly, the ability

to repeat the construction simulation allows stu-
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dents to iterate and explore possibilities by adopting

and modifying different strategies in a short time.

Game elements aim to engage students in a fun

learning experience as well. Its defined rules estab-

lish the criteria for success while managing uncer-

tainty and rewards, and provide a means for
students to test strategies and view the construction

challenges from different perspectives. As a result,

risk-free failure becomes a critical precondition for

learning, prompting students to repeat the process

until they resolve conflicts.

Lastly, the game’s pedagogical approach incor-

porates simulation and game elements to facilitate

the learning process through guidance, help and
reflection. To be effective, simulation games

should be designed and implemented to account

for different levels of prior knowledge and different

learner types. Debriefing or reflection as a critical

part of the experiential learning help students clarify

and resolve any conflicts during the simulation

experience, establish relevance to the real world,

and generalize lessons learned in order to apply it
later in different situations [47, 54].

3.1.3 Game play

For the VCS3’s learning scenario, a relatively small
pavilion project (Fig. 2, left) was scaled to exemplify

the decisions made in planning and managing con-

struction, while not overwhelming students with the

information. We asked participating students how

fast they could complete this pavilion project within

a $15,000 labor and equipment budget. We stipu-

lated that students would compensate workers for

the entire day regardless of actual hours worked on
site, and that the contract did not allow for overtime

or weekend work.

To achieve this objective, students were asked to

first draft a construction plan and then test it in the

VCS3. During the planning phase, students consid-

ered various decisions, such as grouping objects into

construction zones, choosing construction methods

for each of the listed activities associated with a

particular assembly type, (Fig. 2 right) selecting the
size of labor crews, and sequencing activities with-

out violating physical or sequence constraints (e.g.

placing column before footing, or placing concrete

before reinforcing).

After the construction plan is in place, students

review their overall planned schedule duration,

either in the VCS3 orMicrosoft Project application,

and proceed to simulate the ‘‘actual’’ construction.
Each simulated day, students consult their as-

planned schedule to plan the hiring of staff, with

the option of retaining more labor than required if

they elected to accelerate their schedule. Once the

construction starts, students continuously allocate

available resources for the activities ready to start,

or otherwise wait until they become available. The

VCS3 updates the construction progress at ten-
minute intervals to show what resources are active

(i.e. assigned) versus idle (i.e. unassigned). At the

end of each 8-hour day, the application generates a

report summarizing construction progress, produc-

tivity rate and hours worked for each resource, cost,

and the weather report. After reviewing the report,

students begin the next day by repeating the process

until the pavilion is completed.

3.1.4 VCS3 simulation game evaluation

Before we tested the VCS3 in the classroom, we

evaluated the game for its representational validity,
or how closely it fulfilled its teaching intentions

(Table 3). To ensure consistent and reliable perfor-

mance, each simulation step output was manually
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calculated and compared with repeated simulation

runs. Three construction faculty and two industry

representatives then reviewed the application in

terms of relevance and representation of actual
project scenarios with respect to the learning objec-

tives. The VCS3 usability was also tested with a

group of 10 graduate student volunteers not

involved in its implementation, who completed the

VCS3 assignment. Their feedback was used to

improve the user interface, application perfor-

mance, and correct application errors. Application

parameters, such as the simulation length, were also
tested prior to full scale classroom implementation.

To evaluate the learning effectiveness and the

usability of the VCS3, we employed Kirkpatrick’s

framework of four levels of learning [55] as an

assessment framework because it examines both

cognitive and affective (i.e. motivational) compo-

nents of learning, and also considers student atti-

tudes toward the game and their experience as
indicators of the application acceptance.

The cognitive component of the assessment,

informed by the Bloom’s taxonomy [1], evaluates

students’ domain knowledge of basic concepts of

construction scheduling, including activity dura-

tions, resources, productivity, and construction

methods; and students’ abilities to synthesize, sum-

marize concepts, and predict possible outcomes
given different scenarios as an effect of the VCS3.

Motivation has also been recognized as impor-

tant to the learning process [31, 56–58], and is

broadly defined as the willingness to engage in a

specific task and invest time and effort in an experi-

ence. Motivation was measured using the adapted

On-Line Motivation Questionnaire [59] as a pre-

and post-test self-report instrument of students’
emotional response to the task, perceived impor-

tance, effort and performance.

Lastly, acknowledging the existence of different

learner types, attitudes and reactions to the simula-

tion game provide us with an initial understanding

of students’ acceptance of the VCS3. Questions

about specific application features and the simula-

tion experience overall, help us to determine if there

was a favorable reaction as anecessary condition for

increased motivation and potentially increased

learning.

3.2 Classroom implementation

TheVCS3game simulationwas tested between 2010

and 2012 at the Pennsylvania State University in an

introductory building construction course (AE372)

of approximately one hundred undergraduate stu-

dents and a graduate level project management

course (AE572) of nine students (Table 4). During

a two-hour practical session, students were asked to
complete the assignment (Appendix A) and online

pre- and post-tests questionnaires measuring the

level of learning,motivation, and students’ attitudes

toward simulation experience [51, 60]. Although

completing the assignment was a class requirement,

participation in the study and survey completion

was voluntary. Performance on the assignment (i.e.

reported duration and cost) was not part of the
VCS3 assessment, however, students’ handouts

were collected to further understand the results

and troubleshoot potential VCS3 errors. After the

first class implementation, we changed the assign-

ment handout and the scenario somewhat (Appen-

dix B). These changes are detailed in the following

section.

3.3 Evaluation results

The results of class implementations of the VCS3

exercise indicated benefits in providing a visual,

interactive, realistic and engaging learning experi-

encewith a significant effect on students’motivation

[50, 60]. In addition, students demonstrated an

increased understanding of construction planning

and how changes in construction and resource

management can affect their plans. While we more
fully describe specific assessment questions and

analyses in [60], study results are presented here

with respect to the following evaluation questions

and the adjustments we made to the subsequent

implementations.
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How has the students’ learning changed based on

the simulation gaming activity?

Pre- and post-test responses, in which students

discussed both their perceived difficulty of having

control over certain productivity factors and esti-

mating the effects of measures to increase the
production output, indicated the VCS3’s potential

to influence and shift student attention to the

simulation content. While responses indicated stu-

dents were more or less similar in hitting the target

both before and after (e.g. efficient sequence affects

the overall duration), their explanations of these

effects tended to be more elaborate and descriptive

post- simulation. Specifically, students remarked on
managerial challenges, such as coordinating activity

start times and allocating resources to avoid delays

and idle resources. For example, realizing that

curing concrete delays the commencement of other

site activities, students used strategies to begin the

concrete pouring activity near the end of a workday

to allow for overnight curing. In addition, during

our debriefing discussions, students reflected on the
time/cost tradeoffs of employing multiple crews to

accelerate activities and finding ways to balance

resources more efficiently. One student added that

it tookone entire simulation runbefore beginning to

understand how to efficiently use resources. Thus,

students learned that planning a construction sche-

dule was relatively easier than actually managing a

project, particularly givendelays due toweather and
decreased initial productivity. Another student

remarked that doubling crews for a second VCS3

run did not necessarily accelerate the schedule as

anticipated, but did increase costs. Only after a third

run did this student realize that successful comple-

tion was contingent on amore efficient construction

activity sequence.

As stated before, because this study focused on
evaluating a learning process, student performance

on the VCS assignment was not part of our learning

assessment. However, the analysis of students’

handouts revealed a broad range in time and cost

required to construct the pavilion in the given

scenario. When students were asked to test how

quickly they could construct the pavilion without

exceeding the given budget, they were not given a
reference point of an average or expected project

duration, which resulted in project durations ran-

ging from four to twelve days. Given that their main

goal was to stay under the budget, most students

decided to spend the least amount possible, but the

lack of duration reference may have resulted in the

majority of students not knowing how their solution

ranked and whether their performance could be
further improved. The in-game metrics, such as

the scale of lower to higher duration or cost perfor-

mance, for example, would be an important part of

the feedback mechanism that drives the improve-

ment on the students’ part. While embedding per-

formance metrics into the simulation game

structure may challenge the flexibility of custom

learning scenarios, metrics can be incorporated in

the project scenario through more defined con-
straints and rules.

Following the first implementation, the assign-

ment scenario was changed to include a more

detailed project scenario with a goal of completing

the project in six days or fewer (Appendix B),

offering virtual incentives or penalties if completed

ahead or behind the schedule. In addition to the

assignment, we provided students with a log to
document their decisions for each simulation run.

Based on the students’ comments from the first

implementation, we increased the VCS3 average

daily simulation speed from four minutes to less

than aminute. Consequently, the students’ reported

durations ranged from 4 to 6 days. In addition to

pre- and post-test surveys, the focus group with the

students following the exercise provided more in-
depth feedback and comments on the experiences,

challenges and suggestions for improvement.

Was the time commitment appropriate for the skills

and information gained?

In the first implementation, the simulation speed

was markedly slower, which students found frus-
trating. A single day simulation duration ranged

from 3–7 minutes, possibly limiting the number of

complete runs in the given two-hour practicum

time. At the same time, we observed that while

waiting for slow simulations to finish, many stu-

dents’ attention would shift toward doing some-

thing else, e.g. browsing the internet. Conversely,

students in the subsequent implementation reported
the ability to run several simulations in a shorter

period as very helpful in optimizing their strategies.

In this case, simulation speed was one of the factors

suggesting that testing of different approaches in a

relatively shorter period fostered sustained atten-

tion. Appropriate speed can stimulate repetition,

which has been linked to learning outcomes through

the process of ‘‘revisiting’’ new material until the
learner becomes familiar with it [61]. Controllable

simulation speed may be an appropriate method to

addressing differences in learning style and experi-

ence level by allowing students to either focus on

detailed information during the simulation process

or move faster to the outcome.

How should the simulation activity change to max-

imize learning?

Students seemed to have had the most difficulty

with the inability to undo actions anddecisions after

the simulation began. While ‘‘undoing’’ decisions is
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not a realistic option in planning and management

processes on a construction site, the VCS3 decision

process restricts any changes that can bemade to the

planned schedule and remaining activities once the

simulation starts. Thus, the VCS3 allows changes in

crew sizes during the simulation, but it does not
allow for changes to the activity sequence or the

construction methods once they have been selected.

The ability to change the non-started activities

would provide more flexibility. Several students

recommended adding this functionality in the next

development phase. Related to this, students

reported that a more intuitive graphical representa-

tionof as-planned andas-built scheduleswould help
them better understand how construction progress

differed from their original plan. To summarize, the

following changes were suggested to improve the

VCS3:

� Allow for altering construction sequences and
methods for remaining activities between the

daily simulations;

� Allow users to add more crews to in-progress

activities (currently, once activities begin, the

number and type of resources assigned are fixed);

� Provide tips and explanations during the decision

making process;

� Allow users to review the planned daily budget
spending before starting the simulation;

� View the weather forecast before the day simula-

tion starts to make decisions about which activ-

ities to start; and

� Compare as-planned and as-built schedule

throughout to track progress.

Were the students engaged and did they enjoy the

simulation activity?

Fun and pleasure are typically not considered as

critical attributes of learning environments, but are

key driving motivators in constructivist environ-

ments in which the learner leads the inquiry [62].

Study results show a significant increase in the level

of motivation after the VCS3 simulation [60], with

the majority of students reporting they enjoyed the
activity because it was visual, interactive, fun,

relevant and realistic. Formany students, the ability

to modify actions and decisions fairly quickly and

the sense of controlling the processwas contributing

to their sense of engagement. Several students

reported that the challenges they encountered in

managing the construction process were also fun,

particularly managing resources to avoid idling.
While the challenge stimulates sustained interest in

the learning experience, several students also

expressed their desire for more helpful information

during the simulation process. In this sense, learner

differences and their levels of experience should be

addressed in the VCS3 through added scaffolding

and additional information, such as explanations or

hints given during the decision process.

4. Discussion of limitations and practical
implications

This section discusses our observations relevant to

the design, implementation and assessment of edu-

cational simulation games based on our results.

Designing effective instructional environments

hinges on understanding the theories and assump-

tions of how students learn. The VCS3’s underlying
system dynamics model captures the core function

of simulation games to represent complex systems

involving uncertainty and changeable processes.

However, the application’s relatively small project

and decision-making scope may still constitute a

complex and dynamic learning environment to a

level in which students with little understanding of

construction concepts may struggle in interpreting
the results of their decisions. While most students in

our study were successful in identifying specific

planning and management challenges throughout

the simulation, the need exists to develop a more

guided learning process using in-game help, expla-

nations and tips. As a result, the next step of the

VCS3’s development is to structure this support as

difficulty levels that could better account for differ-
ences in learning preferences and levels of prior

knowledge.

The design and development of instructional

simulation games is also challenging due to the

tension between providing clear instructional stra-

tegies and incorporating integral simulation game

attributes, such as variability and randomness. And

while randomness is a simulation game character-
istic that often contributes to a sense of fun, mana-

ging this attribute requires careful consideration

when these games are developed for instructional

purposes. In addition, to game players, randomness

could be seen as a loss of control over the learning

process, and cause confusion if performance is

perceived as determined largely by random events

rather than strategy. Nevertheless, random events
may be valuable simulation game levels when lear-

ners possess sufficient domain knowledge and con-

fidence to tackle situations that are more complex.

A challenge in educational simulation game

research is choosing the appropriate metrics to

capture learning gains that can occur as an effect

of playing these games.As a result, concerns exist on

the validity of learning outcomes [63], though when
used alongside standard instruction approaches,

simulation games can be effective in long-term

retention and transferability to actual situations

[64]. Due to participant availability and class sche-
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duling constraints, the VCS3’s learning effects were

measured using a pre- and post-test design.

Although this approach is common in educational

research, its lack of randomization and relatively

short period between surveys can limit the degree of

certainty to which results can be interpreted and
generalized. This study measured learning gains by

focusing on process rather than student perfor-

mance or the quality of final outcomes. Although

student reports showed a broad range of results that

could be interpreted as better or worse, most stu-

dents succeeded in identifying the common chal-

lenges involved in the planning and management

decision process. This finding aligns with research
suggesting that performance and learning are often

not correlated [65]. At the same time, extensive

learning gains were difficult to detect because of

the limited number of system dynamic factors

implemented at this stage. For this reason, the

learning measurement items could not include

information that was not covered in the VCS3

simulation game.
The process also remains difficult to fully capture

due to learners’ differences and their ability to

adequately express what they learned. Challenges

associated with this limitation are difficult to

address for several reasons. The learning process

involved in using a simulation tool is process based

where students cycle through the stages of hypothe-

sizing, generating a solution, testing, reflecting on
the outcomes and adjusting the solution accord-

ingly. Capturing these processes can be very difficult

for students either because theymay not be aware of

what they are actually learning or they may not be

able to articulate it. The inherent drawback of self-

reporting is that is makes the learners aware of their

unconscious thought process or experience, and

thus changes them by making them explicit [66].
Yet, self-evaluation in which students reflect on

their performance or decisions in terms of goals,

judgments, outcomes, or future actions (e.g. student

decision log) play important part in building meta-

cognitive skills leading to increased overall learning

of problem-solving andperformance [67]. Interpret-

ing our findings hinged on data collected solely

within a two-hour session could not provide a

complete summary of the learning processes

involved and their long-term effects.

Both the learning assessment used in this study

and its implementation would have benefitted from
direct involvement with respective class content and

instructor input on the learning objectives. For

future VCS3 classroom implementation, a prefer-

able approach would be to have the course instruc-

tor align assessment questions with learning

objectives. For that reason, one of our study objec-

tives was to provide instructors with the VCS3’s

implementation and assessment materials, which
can be customized to fit the class’ objectives. Alter-

natively, a more coordinated and synchronized

implementation with the class instructor could

allow us to further refine the learning assessment

and post-simulation discussion. With this

approach, a more time-distributed study could

help us track long-term learning gains. The two-

hour practicum time used for this study included an
introduction, user training, the simulation exercise

itself and administering both surveys. Ideally, stu-

dents should be given more time to learn and

practice how to use the VCS3 prior to the exercise.

While current VCS3 speed would easily allow for an

additional implementation within the same period,

our initial implementation did result in some frus-

tration caused by simultaneously learning the appli-
cation and its content. As a result, our learning

assessment was confounded with reflections on

learning how to use the software rather than a

focus on the information learned.

For the broader adoption of simulation games,

an important question is how to best incorporate

these learning tools into course curricula. One of

our objectives for the VCS3 was to allow for its easy
implementation into typically dense course sche-

dules through documenting its development and

dissemination material. Fig. 3 proposes a multi-

pronged approach to incorporating the VCS3 and

evaluating its effectiveness. The user debriefing

process remains an important post-simulation
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reflection exercise, and can consist of a discussion

with the instructor, repeating the simulation outside

of class, or a meta-reflection on goals, strategies,

actions, and outcomes. In addition, the meta-reflec-

tive questions which can be posed both during and

after the simulation exercise can help students learn
how to learn, i.e. better understand what strategies

they employed and why, and what they would

change in future runs. Ideally, the game should be

integrated with class content as part of a broader

learning activity, allowing time for learning the

software and post-simulation reflection.

5. Conclusion

The VCS3 simulation game was developed to pro-

vide students with holistic planning and manage-

ment game, and offer custom learning scenarios

with robust instructional support for its broader

adoption in the construction curricula. To date, all

VCS3 classroom implementations have suggested
its simulation experience as realistic, visual, hands-

on and fun, and an appreciation of being able to test

options and see results very quickly. Based on the

results, both the VCS3 simulation game and the

assessment are being continually improved. Game

speed has been increased to maintain the students’

attention, though variable speed could address the

learner differences. Because the budget with the
daily reported costs is the only incorporated perfor-

mance metric within the current VCS3 version, it is

important that the accompanying learning scenario

defines relevant metrics or goals for students to

compare against. In the subsequent implementa-

tions, expected completion deadline added to the

available budget reduced the variance of students’

reported construction durations, and at the same
time added to the challenge of planning and effec-

tively managing construction to achieve both. The

log sheet for students to record their decisions for

each simulated day has been included in the sub-

sequent assessment material to encourage reflective

evaluation of the employed strategies and their

outcomes. Although the validity of self-reporting

in terms of what students think they learn is some-
what debated, self-reflection on the performance

and evaluation of procedural steps is recognized as

part of themetacognitive learning, which is a critical

component of problem solving.

However, the extent of the simulation game

effects on learning remains elusive due to inherent

classroom setting limitations and the nature of this

study. While the VCS3 implementation can accom-
modate constrained class schedule, its effects on

long-term information retention, attainment and

better problem solving could be further tested in a

time-distributed study. Debriefing and instructors’

involvement were recognized as critical to ensure

effective learning gains, and combined with reflec-

tive self-assessment can contribute to higher-level

metacognitive learning.While the pavilion project is

relatively small, it was still sufficiently complex for

students to grasp the extent of their decision out-
comes and this is where the VCS3 would benefit

from additional feedback mechanisms including

performance metrics (e.g. projected vs. actual

costs), scaffolding and levels of difficulty. Adding

additional factors (overtime, safety, and conges-

tion) would allow for more complex learning sce-

narios and more specific roles that would resemble

actual construction processes, and role-playing in a
team setting could provide data on the learning

potential of a team-based and individual-based

simulation experiences. While the next version of

the VCS is currently being developed to address

these limitations, its current free version with sup-

portingmaterials aims to garner broader instructors

feedback, which is currently lacking, to expand and

improve the VCS into a robust and customizable
experiential learning environment.
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