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1. INTRODUCTION 

This paper deals with the development and 
implementation of a simulation based game as a 
supplementary tool for the planning and scheduling course 
in a construction management program. The game will focus 
on the resource scheduling aspect of planning and 
scheduling a construction project.  

The students will play the roles of construction managers 
in the game. They will be divided in teams. All the teams 
would have the same residential-construction project to 
complete within a specified time-frame. Each team would 
compete against the other teams in the game to complete 
their respective project on time and within the specified 
budget. 
 
2. RESEARCH METHODOLOGY 

This research can be divided into two parts. The first part 
involves the development of the game. The scope of the 
game is followed by the game implementation framework. 
Then the development of the various components of the 
game is established. The second part details the 
implementation of the game. The various responsibilities of 
students and the game moderator are also outlined. Finally, 
the result of the first-run of the game is presented and 
inferences are drawn followed by the conclusion. 

  
3. DEVELOPMENT OF THE GAME 
  
3.1 Purpose of the Game 

The purpose of the game was to allow student to do the 

following: 
• develop a base schedule for a project; 
• identify the resources required for the tasks 

scheduled; 
• analyze the options available in the market with 

respect to hiring the services of labor force and 
renting the equipment required; 

• schedule resources to enable its execution by issuing 
purchase orders; 

• track progress of the project; 
• analyze the daily jobsite report; 
• re-schedule the project when schedule-variance 

occurred; and 
• complete the project within the specified budget. 

The purpose of the game was also to introduce students to 
the element of pressure that arises due to competition, by 
allowing them to compete against each other and to 
complete the project within the budget and ahead of other 
students in the class. 
 
3.2 Game Implementation Framework 

From the development perspective, the game had to 
provide the students with an environment close to reality, 
where they could employ the concepts learnt in the lecture 
and lab sessions of the scheduling course with respect to 
scheduling the resources and tracking the progress of the 
project. At the same time, the number of variables involved 
in the game, particularly those controlled by the students, 
had to be minimum or manageable to allow the students to 
focus on each one of them while making decisions. 
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Based on these parameters the game’s conceptual 
implementation framework was developed as illustrated in 
figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Game Implementation Framework 

 
 

The conceptual framework illustrated above can be 
understood as follows: 

During the implementation, the students would be given a 
residential construction project with well-defined work 
breakdown structure (WBS) identifying the independent 
work packages. The resources required for each work 
package namely labor, equipment and material along with 
the quantity of work and the sequential order of execution of 
the various work packages would be listed in the WBS. 

The students would be required to determine the work 
packages available execution. The condition for a particular 
work package to be available for construction would be the 
completion of its preceding work packages. After the 
determination of the available work package, its resources 
required would have to be identified and scheduled. Market 
price-list would have to be referred to understand the options 
available in hiring the services of labor force, renting 
equipment and purchasing material. A decision would have 
to be made with regard to grade and supplier of every 
resource to be scheduled. Depending on the productivity and 
reliability rating of the resources scheduled, the construction 
process involved with the work package would be simulated 
and a jobsite report would be produced. 

This jobsite report would serve as feedback for the 
students. The students can analyze the effectiveness of their 
decisions from the jobsite report and check if their project is 
progressing according to their pre-planned schedule. The 
jobsite report would help the students in making future 
decisions in the game. 
 
3.3. Development of the Components of the Game 

Based on the conceptual framework of the game discussed 
above, the following components of the game have to be 
developed: 

• work packages; 
• simulation code to model the construction processes 

involved in the work packages; and 
• market price-list of the various resources involved. 

The development of the various components listed above 
for the game would be explained in the following sections. 

 
3.3.1. Development of Work Packages 

The various steps involved in the development of work 
packages for the residential construction project has been 
illustrated in figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Steps Involved in Developing  
Project Work Packages 

 
 
A WBS will be developed for the construction project to 

identify the various independent work packages. These 
independent work packages will be further detailed in terms 
of the resources required namely labor, equipment and 
material. Next, the quantity of work involved with each 
work package and the logical sequence of execution will be 
determined. The productivity factor of the labor and 
equipment will then be determined. With the productivity of 
the resources and the quantity of work involved with each 
work package, the time required to complete each work 
package will be calculated. The data thus gathered would be 
compiled to form the project work packages. 

Based on the above mentioned outline, a residential 
construction project was identified for the game (Allen and 
Thallon 2002). Using the tasks listed in the book, a work 
breakdown structure was developed for the project. The 
sequence of execution of the various tasks and their 
respective durations (measured in days) were also identified. 

The labor and equipment resource required for each 
identified work package was identified from the Means 
Building Construction Cost Data book by R.S. Means 
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Company (1995). The average productivity factor for all the 
identified resources was also obtained. 

The quantity of work to be done for the completion of 
each task was calculated by multiplying the duration of the 
task by 24. This was due to an assumption in the simulation 
code that a unit of work of any work package will be done in 
20 minutes and hence 24 units of work could be done in a 
day (or 8 hours). 

The data gathered thus were complied together as the 
project work packages. To view the project work packages 
refer to Appendix A. 
 
3.3.2. Development of the Simulation Network 

A simulation network was developed to model the various 
construction processes involved in the construction of the 
residential project using STROBOSCOPE simulation 
language that was developed by Julio Martinez (1996). The 
variables incorporated in the simulation source code of the 
simulation network for the game and the assumptions were 
as follows. 
 
3.3.2.1 Variables 

The number of variables incorporated in the game, was 
reduced to a manageable number to help the students focus 
on each one of them as they made their decisions during the 
game. The variables involved in the game were as follows: 

• Number of crew members of each type 
o Their collective productivity factor (the 

average of the individual productivity 
factor of each crew member) 

o Variability factor of the collective 
productivity 

• Number of equipments of a particular type 
o Their collective productivity factor 
o Variability factor of the collective 

productivity 
• Amount of work 
• Quantity of material 

 
3.3.2.2. Assumptions 

The following is a list of assumptions that were used in 
the source code of the simulation file: 

• Simulation time would be comprehended in minutes. 
• There would be eight hours available for construction 

in a day. 
• Each unit of work would take 20 minutes with a 

variability of 5 minutes distributed normally about the 
mean value. 

• Simulation would stop either due to lack of time or 
lack of required resources or when the work package 
was completed. 

• Time taken by the equipment and labor resources to 
travel through the simulation network and return to 
their respective initial-positions would be 
comprehended as their respective rates of productivity. 

• The productivity of resources was normally 
distributed about the collective productivity. 

• Material required for various task would be the same 
and would be considered as a bulk resource. 

3.3.2.3. Simulation Network 
The simulation network to model the construction 

processes involved in the residential-construction project 
that was identified for the game, is detailed in this section. 
First, a conceptual simulation network is developed. Next, 
the need for revision of the conceptual simulation network is 
discussed. Finally, a revised simulation network is presented. 
 
3.3.2.3.1. Conceptual Simulation Network 

The conceptual simulation network consists of Queues, 
Combi, Normal and Links as illustrated in figure 3. Four 
Queues are created namely MaterialAtHand, 
EquipmentAtHand, CrewMemberAtHand and JobDone. 
Three of these Queues namely MaterialAtHand, 
EquipmentAtHand and CrewMemberAtHand hold the 
resources Material, Equipment and CrewMember before the 
start of simulation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Basic Project Simulation Network  

 
 
Simulation will start when the above mentioned Queues 

are non-empty or when they hold resources. The Combi 
activity TaskOrganization will draw resources from its 
preceding Queues namely MaterialAtHand, 
EquipmentAtHand and CrewMemberAtHand through the 
links JU1, EQ1 and CM1. The number of resources drawn 
through each of the links is determined by the requirement 
of the work package being executed. When all the resources 
in the required quantities are acquired by the Combi activity, 
the resources will move to the Normal activity Task. This 
Normal activity will hold the resources for 20 minutes of 
simulation time on an average, with a variability of 5 
minutes to indicate that work is in progress. 

At the end of Normal activity, the resources Equipment 
and CrewMember will return to their respective Queues 
through the link EQ3 and CM3. On the other hand, the 
resource Material will move to the Queue JobDone. 

At the end of each simulation run, the content-count of the 
Queues EquipmentAtHand and CrewMemberAtHand will 
remain the same. The content-count of the Queues 
EquipmentAtHand and CrewMemberAtHand will decrease at 
the start of each simulation run as resources will be drawn 
by the Combi activity TaskOrganization and the content-
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count will increase at the end of the simulation run as the 
resources will return to their respective Queues from the 
Normal activity Task. However, the content-count of the 
Queue MaterialAtHand will decrease while the content-
count of the Queue JobDone will increase after each 
simulation run as the Material resources will be drawn from 
the Queue MaterialAtHand, by the Combi activity 
TaskOrganization at the start of the simulation run, and will 
be released to the Queue JobDone at the end of the 
simulation run. 
 
3.3.2.3.2. Need for Revision of the Conceptual Simulation 
Network 

According to the conceptual simulation network, the time 
taken by the resources CrewMember and Equipment to reach 
their respective Queues EquipmentAtHand and 
CrewMemberAtHand after they are drawn by the Combi 
activity TaskOrganization and released by the Normal 
activity Task will be the same, as they follow the same path 
during the simulation run. This time-taken will also 
correspond to the time taken by the Material resources to 
move from the Queue MaterialAtHand to the Queue 
JobDone. 

By the assumptions of the game, the time taken by the 
equipment and labor resources to travel through the 
simulation network and return to their respective initial 
positions (or Queues) is to be comprehended as their 
respective rates of productivity. Hence there arises a need to 
revise the conceptual simulation model to vary the time 
taken by the resources to return to their respective Queues 
according to their individual rates of productivity. 
 
3.3.2.3.3. Revised Simulation Network 

To vary the time taken by the Equipment and 
CrewMember resources to return to their respective Queues, 
EquipmentAtHand and CrewMemberAtHand, the links CM3 
and EQ3 are broken and Normals are introduced in the 
simulation network named CmPerf and EqpPerf (which are 
short for ‘Crew Member Performance’ and ‘Equipment 
Performance’) respectively as shown in figure 4. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Figure 4. Revised Project Simulation Network  

 
 

In the revised simulation network, the resources 
Equipment, CrewMember and Material will be drawn by the 
Combi activity TaskOrganization and released to the Normal 
activity Task. When the resources are released by the 
Normal activity Task, Material resources will enter the 
Queue JobDone while the resources Equipment and 
CrewMember will enter the Normal activities EqpPerf and 
CmPerf respectively. The Normal activities EqpPerf and 
CmPerf will hold the resources for a duration corresponding 
to the rates of productivity of the resources before releasing 
them to their respective Queues. The simulation would 
continue in this manner until one of the end conditions 
becomes true. When the end condition becomes true, the 
simulation will stop and the report will become available. 
 
3.3.3. Development of Market Price-List 

The following section details the development of the 
price-list for the material resource, labor and equipment 
resources. 
 
3.3.3.1. Material Price-List 

The material units are not work-package-specific based on 
the assumptions for the development of the simulation 
network. During the implementation of the game, the 
students may use a purchased material unit for the execution 
of any work package. Hence there is a possibility of 
purchasing the total amount of material resources required 
for the entire project at the start of the game. If such a 
situation occurred, the students would have to manage fewer 
variables during the implementation of the game because 
they would not have to consider the scheduling of material 
resource. 

To prevent the occurrence of such a situation, the purchase 
of material units by the students during the implementation 
of the game is regulated. A price-list is developed for the 
purchase of material units which discourages the students 
from purchasing all the material units at the start of the game. 
According to this pricing-methodology, the price per unit of 
the material increases with the increase in the purchase 
quantity. This will discourage the students from purchasing 
more material units than was necessary. The reasoning that 
is provided for the increase in unit cost with increase in the 
quantity of purchase is the storage cost associated with the 
stocking of the unused material units purchased. 

 
 

Table 1. Material price-list 
______________________________________________ 
Material Purchase    Price (In $ / unit) 
Quantity (In unit) 
______________________________________________ 
< 16      200.00 
  16 – 30     300.00 
  31 – 45     325.00 
  46 – 60     350.00 
  61 – 100     400.00 
      100 <     500.00 
______________________________________________ 
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Based on the above methodology, the material price-list 
that was developed is indicated in table 1. 
 
3.3.3.2. Labor and Equipment Price-List 

The purpose for the development of the labor and 
equipment price-list is to provide students with options 
while selecting labor and equipment resources for their 
project. The students are provided with the option of 
choosing from five suppliers: Blue Diamond Suppliers; 
Ruby Red Providers; Yellow Stone Providers; White Pearl 
Suppliers; and Green Day Providers. These suppliers have 
fixed productivity factors associated with them as indicated 
in table 2. 
 

Table 2. Productivity factors of suppliers 
________________________________________________ 
 
Supplier     Productivity Factor 
________________________________________________ 
 
Blue Diamond Suppliers    20 
Ruby Red Providers    22 
Yellow Stone Providers    24 
White Pearl Suppliers    26 
Green Day Providers    28 
________________________________________________ 

 
 
The productivity factors associated with suppliers indicate 

the time that will be taken by a labor or equipment resource, 
hired from the respective supplier, to complete one job unit 
of work. Hence from table 2, a labor or equipment resource 
hired from Blue Diamond Suppliers would take 20 minutes 
to complete one job unit of work while a resource hired from 
Green Day Providers would take 28 minutes to complete the 
same unit of work. 

In addition to suppliers, grades are also introduced from A 
through E. These grades reflect the reliability rating or 
variability of the productivity factor of the resource hired. 
Table 3 shows the reliability rating for Blue Diamond 
Suppliers and the resulting variability in minutes. 
 

Table 3. Reliability rating and variability associated with 
grades for Blue Diamond Suppliers 

________________________________________________ 
 
Grade   Reliability Rating     Variability 
________________________________________________ 
 
   A         80 %   4 
   B         70 %   6 
   C         60 %   8 
   D         50 %   10 
   E         40 %   12 
________________________________________________ 
 

 
Since a resource must be hired by specifying the supplier 

and grade in the game, reliability rating associated with the 

grade reflects the variability of the productivity factor 
associated with the supplier. For example, if an equipment is 
hired from Blue Diamond Supplier of grade ‘A’, then the 
resource would be able to complete one job unit of work in 
20 minutes with a variation (plus/minus) of 4 minutes, 
amounting to 80% reliability. 

Based on the productivity factor and reliability rating a 
price-list is developed for each type of equipment and labor 
resource. The prices for labor resources are expressed as 
hourly rates ($/Hour) and those for equipment are expressed 
as daily rates ($/Day). These prices increase with increase in 
productivity and reliability rating. Though the sub-contractor 
price-list follows the same approach as equipment resource, 
the prices for both labor and equipment are expressed as 
daily rates. 

 
4. IMPLEMENTATION 

The game was implemented in a class of forty-six students 
that were enrolled in the construction planning and 
scheduling course at the University of Houston during the 
Spring semester of 2005. The game was administered via e-
mail. 

The duration of the first-run was ten days of play. The 
students were allowed to form teams. Eight teams were 
formed. One team leader was chosen by the team members. 
A game manual was compiled and distributed to the teams. 
The game and its simulation methodology were explained to 
them. Further, an orientation was held for the team leaders to 
answer their specific queries about the game.  

Based on the discussions with the team leaders, the 
following was decided. 

 
4.1. Play Duration: 

• The game would be played for ten days. 
• There would be two trial days for the teams to get 

accustomed to the gaming environment. 
 
4.2. Responsibility of the Team 

• Review the jobsite report (output from simulation) 
from the previous day. 

• Hold discussions among the team members to analyze 
the project progress. 

• Determine the work packages to schedule resources 
(for the next day). 

• Identify the resources required. 
• Schedule the resources, indicating the choice of 

supplier and grade on the purchase order form. 
• Send the purchase order form via e-mail before 19:00 

hours each day for the next day’s play. 
 

4.3. Responsibility of the Game Moderator 
• List the scheduled resources for each team along with 

the collective productivity factor and the variability 
factor that would be obtained from the conversion 
table in the schedule work form. 

• Simulate the construction for each of the teams. 
• Send all the outputs (jobsite reports) via e-mail to all 

the teams within fours hours of receipt of the 
purchase order forms. 
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• Prepare a progress report for all the teams with 
comments. 

 
4.4. Result and Inference 

The statistics from the game were recorded to present the 
daily expense incurred by the teams and the daily project 
progress of every team in terms of the number of job units 
completed. As shown in figure 5, time expressed in days in 
the x-axis and the quantity of work done expressed in job 
units in the y-axis were plotted on a graph sheet to identify 
pattern, if any. 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Project Progress Chart  

 
 

The resulting plot showed an encouraging pattern – an 
increase in the productivity of most of the teams during the 
second-half of the duration of play. 

Incidentally, the students were advised at the start of the 
second-half of the game’s duration, to match the 
productivity of their resources instead of having one crew 
extremely superior in productivity to the others on the job 
site for better results. The increase in their rate of 
productivity may be a direct result of the advice. 
 
4.5. Student Feedback 

An online survey was created to obtain feedback, 
comments and suggestions on various areas of the game 
from the students. The questions in the survey focused on 
areas such as the game in general, the orientation session, 
the game manual, the implementation of the game, pre-
project planning of the students etc. The students were 
encouraged to participate in the survey at the end of the 
game. 
 
5. CONCLUSION 

The game was implemented as a supplementary tool in 
construction planning and scheduling course. The results, 
inference and feedback from the first-run of the game were 
encouraging. They indicated that many students appreciated 
the use of the simulation game as a supplementary tool. 

Based on the feedback received from the students and the 
game moderator’s observation, areas where the game and its 
implementation can be further developed are as follows: 

• Develop a graphical-user-interface (GUI) for the 

game to be fully automated for its various functions; 
• Improve the timing of the game with respect to its 

duration of implementation; and 
• Introduce the game earlier in the semester. 

Developing a graphical-user-interface and automating the 
game would considerably save the purchase order 
processing time on the game moderator’s end. This would 
make it possible for the game to be implemented during the 
lab session allotted for the course. Implementation of the 
game during the lab session would encourage all the team 
members to participate in the team discussions more actively 
and be a part of every decision that is made by the team. 

The first-run of the game was implemented in the last 
month of the semester. Due to time-constraints, selected 
areas where majority of students were applying the concepts 
learnt in the lecture session of the course were ineffectively 
identified. Discussions on those areas were held with the 
students which proved productive as shown in the results. 
Thus introducing the game earlier in the semester is an 
option to be considered. It would give time to concentrate on 
more students, evaluate their grasp of concepts taught in the 
lecture sessions and to address their concerns. 
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