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We investigate two approaches incorporating two types of intragroup interaction (cooperative and competitive) using
simulation based training (SBT) with teams—a pure and a mixed approach—within the supply chain management
domain. SBT commonly refers to the use of simulation in the context of education. We examine how a combination of these
two interaction types would work in situations wherein both are used in succession. Our purpose is to improve teaching and
establish better ways to educate industrial engineering students using SBT. The first hypothesis is that from a pedagogical
perspective, it is more effective to use a mixed approach for intragroup interaction when using SBT techniques for
engineering education than a pure approach. The second hypothesis is that when using a mixed approach, the order of the
two interaction types affects the learning outcomes. The study examined the effects of a new advanced SBT computerized
simulation environment on two classes of freshman undergraduates in an Industrial Engineering program in a premier
technical university. Each student completed four exercises, of which the first and last were individual tasks and the middle
two were done by teams of two students. The students’ performance was statistically analyzed. The results, rendered as
guidelines on how to use SBT for team training, indicate that when teaching using SBT, a mixed approach for intragroup
interaction is better than a pure approach. Moreover, if a mixed approach is used, the order is significant. In particular, we
found that it is preferable to start with competitive interaction and then move to cooperative interaction. Our findings
suggest that at the training stage, it is better to train teams using both types of intragroup interaction, starting with a

competitive interaction followed by a cooperative one.
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1. Introduction

Over the past century, engineering education has
grown and developed continuously. New programs
have emerged while existing ones have been
extended and enriched with upgraded content.
These educational programs use various pedagogi-
cal methods that include frontal lectures, books,
recorded presentations, seminars, group learning,
etc. Confined to a classroom environment, tradi-
tional methods have struggled to translate expert
intuition and theoretical knowledge into practical
experience. Emulating a real-world environment is
one way to facilitate this transformation [1]. Imple-
menting this aspiration efficiently and effectively,
however, is challenging and management education
[2] has yet to accomplish this successfully [3-5].
Recent advances in infrastructure technologies
that enable the use of modern tools to enhance
learning have substantial implications for training
and learning pedagogies [6].

One tool that has been extensively investigated
and used in engineering education is computerized
simulators. Simulation creates an artificial environ-
ment that reflects and illustrates real-life experiences
[7]. Simulation can even replace physical experi-
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ments without compromising student learning [8].
An efficient simulation tool can facilitate learning
that transfers easily to a real-life environment [9]. In
the context of education, using simulation as a
teaching methodology is commonly referred to as
Simulation Based Training (SBT).

SBT can be grouped into three primary cate-
gories: Role-playing simulations, physically based
simulations, and computer based simulations [10].
Our research focuses on the latter category. SBT is
an effective and dynamic educational tool, as
described in [11]. Some researchers, however,
claim that the findings regarding the effectiveness
of computerized simulators [12] are not definitive,
that simulators do not necessarily provide a valu-
able training environment [3], and that they do not
raise students’ examination scores [13]. On the other
hand, many educators support the use of SBT
techniques [14-17] as they enable trainees to prac-
tice what they are studying [18]. Simulators can
provide an attractive, novel, and entertaining envir-
onment so trainees are motivated to practice [19],
and consequently, are more engaged in what they
are learning [20]. Some researchers claim that SBT
can also reduce long-term costs, such as classrooms
and instructors [21], associated with traditional
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techniques; yet, SBT itself demands large setup costs
[10].

The effectiveness of SBT depends on the rationale
for using simulations as learning tools [22] and on
the ability to provide a suitably challenging experi-
ence for students [23]. Using SBT for education
offers several advantages over traditional techni-
ques, such as providing hands-on practice and
enabling development of skills at a faster pace [11].
Salas et al. (2005) [24] delineated seven basic stages
of SBT development in education and Salas et al.
(2009) [11] provided some practical guidelines as to
how best to implement and use SBT in education—
e.g., offer detailed focused feedback and directly
measure outcomes. Some researchers [11, 25-26]
asserted that SBT can be an efficient tool for
education, but only when the gap between the
trainee’s a priori knowledge and the difficulty of
the simulation exercise are matched. Inasmuch as
SBT is important for current and future education,
it is essential to identify the circumstances under
which SBT is most effective.

SBT techniques have been implemented in a
variety of domains: The military [27], healthcare
[28], quality [29], project management [30-31],
supply chain management (SCM) [32-34] and pro-
cess re-engineering [35-36]. These implementations
can involve a single trainee or a group of people
sharing a goal or task. The techniques provide an
environment that is risk-free, i.e., mistakes can be
made without anyone having to suffer negative
repercussions, as opposed to real-life situations [37].

In spite of both the growth in the use in SBT
techniques and an increase in the areas in which they
are applied, little research has focused on determin-
ing optimal SBT behavioral conditions [38], such as
which type of intragroup interaction (i.e., competi-
tive or cooperative) should be adopted in order to
optimize and magnify the learning accomplished
through simulators. Studies that investigated SBT
behavioral aspects usually refer to operational
aspects, such as when to provide information
during the simulator’s operation [39] or at what
pace the trainee should be exposed to complex
models [40].

In this paper, we investigate how to use SBT in
engineering education. We focus on team learning
and two approaches incorporating two types of
intragroup interaction for using SBT with teams—
competitive interaction and cooperative interac-
tion. Cooperative interaction takes place when all
team members’ awards are based on and are directly
proportional to the team’s performance [41]. Coop-
erative interaction is characterized by team mem-
bers’ high individual accountability—each supports
the others’ effort to achieve a clear and well-defined
common objective [43]. In contrast, when competi-

tive interaction is used, team members compete
against each other [42]. Fulfillment of one partici-
pant’s goal usually comes at the expense of the other
participants’ ability to meet their goals [44].
Whereas the cooperative interaction described in
this study aligns with the above characteristics,
given that team members are graded according to
the team’s overall performance, the competitive
interaction conforms to a somewhat broader defini-
tion of competitive interaction. The definition used
here is analogous to that used in [45]: Team mem-
bers compete less directly in terms of rewards for
individual performance. In particular, team mem-
bers form a competitive alliance. Our characteriza-
tion for the competitive interaction is in line with
other researchers such as Covington and Omelich
(1984) [46], Johnson et al. (1986) [47] and Campbell
and Furrer (1995) [48].

The question of what education style is the best is
possibly as old as the discussions about the value of
the Socratic Method. This paper focuses in on one
aspect of this ongoing dialogue: How should stu-
dents interact in the learning environment, compe-
titively or cooperatively? Research has yet to
determine which of these two types is better for
training in teams. For example, Sherman (1986) [49]
investigated learning in introductory educational
psychology with cooperative and competitive goal
structures and reported no significant differences in
participants’ achievements. Qin et al. (1995) [50]
conducted a meta-analysis research investigating
the impact of cooperative and competitive efforts
on problem solving and found that the latter do not
keep up with the former (see, for example, 42, 49,
51-55). No firm consensus has been reached.

Some researchers have taken the stance that the
competitive intragroup interaction type is the best
[56-57]. Other researchers have taken the opposite
position, i.e., that the cooperative intragroup inter-
action type is the best. For example, a recent study
on SBT intragroup interactions within the project
management domain [45] indicated that coopera-
tive interaction yields better results in the overall
outcome. Still other researchers assert that different
interactions are better for different situations. For
example, Sherman’s study (1986) [49] showed that
each intragroup interaction type has its supporters
and that there are no significant differences in
cooperative and competitive learning. Nonetheless,
the consensus among researchers is that the coop-
erative interaction is more effective [45, 51].

Past research on competitive versus cooperative
learning appears to have demonstrated that there
are merits to both intragroup interaction types.
Accordingly, the question should not be “Which is
the best intragroup interaction, competitive or
cooperative?”’ but rather “How should students be
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educated?” It is through this prism that this paper
explores the fusion of the two intragroup interac-
tion types and asks, “Is a mixed approach (coop-
erative as well as competitive intragroup
interaction) better than either pure interaction sepa-
rately?”” The hypothesis is that when students are
educated using a mixed approach, they benefit from
the best that each interaction type has to offer. The
study also investigates the best way to mix the two
intragroup interaction types. To the best of our
knowledge, no study has examined how a combina-
tion of these intragroup interactions would work.
The research here differs qualitatively from
research that classified cooperation versus competi-
tion in learning as ‘pure’ when cooperation was
realized in both intragroup and intergroup relation-
ships and as ‘mixed’ where there was intragroup
cooperation but with intergroup competition [50].
Throughout the investigation here, there is always
intergroup competition; only the intragroup inter-
action type varies. No other study has examined
intergroup competition using a blend of intragroup
interaction types—cooperation together with com-
petition. That is to say, research has looked at the
results of using one or the other interaction, but not
at situations wherein both are used, one following
the other. This is a lacuna that we come to fill. We
investigate this issue using the framework of teach-
ing SCM, which is a basic and fundamental subject
in every industrial engineering student’s education.
Supply Chain Management (SCM) is the “man-
agement of a network of interconnected businesses
involved in the ultimate provision of product and
service packages required by end customers” (Har-
land, 1996). It considers the integrated impact of all
the parties involved in the production of goods and
services such as suppliers, manufacturers, whole-
salers, retailers, final consumers and even beyond,
to disposal and recycling. SCM encompasses every
aspect required to satisfy consumer demand, ensur-
ing consumers receive the right products at the right
time at an acceptable price and at the desired loca-
tion. Being a major subject in industrial engineering
education, many aspects of SCM are taught, e.g.
inventory management [58], supply chain coordina-
tion [59], the bullwhip affect [60], etc. Thus teaching
SCM has crucial future implications on industrial
engineering knowledge and skills—both in the class-
room and in the workplace. Using a computer
simulation application for the supply chain
domain, we investigate how industrial engineering
students should be educated using SBT with teams.
The goal of this paper is to investigate from a
pedagogical perspective, when using SBT techni-
ques for industrial engineering students’ education
in the SCM domain, which approach is the most
effective—the pure approach (strictly cooperative/

competitive interaction) or the mixed approach (a
combination of both types of interaction). A pre-
liminary report on this research was presented in
[61].

2. Experiment research design

This section provides an overview of the experi-
mental design, starting with the hypotheses and
culminating in the detailed experimental design. In
the “Experiment Results and Analysis” section we
report on the results of the experiment and analyze
the data.

2.1 Hypotheses

Different parties comprise the supply chain, each
desiring to meet their own goals. In this pursuit they
can adopt diverse interaction types, including com-
petitive and cooperative ones, in regard to relation-
ships with colleagues. When students are being
taught about interdependence among supply chain
parties, the teacher can teach using one or both of
these interaction types. As outlined in the Introduc-
tion, many researchers consider cooperative inter-
action to be more effective. Thus, if one is limited to
employing a single interaction type, then using the
cooperative interaction is a sensible choice. Yet,
using a competitive interaction has its advantages
and can be a reasonable choice as well. The hypoth-
esis in this study is that using both interaction
types—one way to expose the students to a variety
of interactions—can be even more effective than
either interaction type alone. The efficiency is man-
ifested in students’ learning outcome, which is the
post-treatment performance (the treatment being
the SBT training).

Our experiment tests the following hypotheses in
regard to cooperative and competitive intragroup
interaction when using SBT with teams:

Hypothesis 1: Using a mixed approach (cooperative
and competitive intragroup interaction) achieves
better learning outcomes than using a pure (single
intragroup interaction) approach.

Hypothesis 2: When using a mixed approach, the
order of the two intragroup interactions affects
the learning outcomes.

Hypothesis 1 will be tested by comparing the
average performance under a mixed approach and
the average performance under a pure approach.
Hypothesis 2 will be tested by comparing the
average performance when the two intragroup
interactions are used in different orders.

2.2 Experiment tool

To examine these pedagogical hypotheses we use a
new advanced SBT computerized simulation envir-
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Fig. 1. The Supply Chain Simulator interface (screenshot from the introduction).

onment. The software, Supply Chain Simulator
(SCS), is a web based computer simulation applica-
tion designed by us as a part of a comprehensive
research on SBT. It is an educational platform
designed to help students gain experience and
practical understanding in managing supply
chains. SCS (Fig. 1) is based on the following
principles:

(a) Scenario based training: Each exercise is a pre-
pared scenario combining a detailed case study
and specific instructions regarding the exerci-
se’s goals.

(b) Ease of use: A graphical user interface (GUI) is
designed to support intuitive actions with no
need for prior knowledge or extensive practice,
regardless of how sophisticated the simulator
itself is. The GUI is designed to encourage the
trainee to accomplish specific assignments
through gamification elements such as graphi-
cal illustrations and a scoreboard.

(¢) Flexibility: 1t enables the modeling of determi-
nistic as well as stochastic environments in a
single- or multi-period setting. Several standard
and non-standard costs can be incorporated.
Supply chain entities can be linked either seri-
ally as a tree, or even with cycles. Several supply
modalities are available including different
transportation modes and even transship-
ments.

(d) Supportive data: Supportive data-driven and
comprehensive detailed reports facilitate the
trainee’s decision-making and coping with the
scenarios’ dynamic states.

SCS provides an advanced and enjoyable envir-
onment for training by enabling the simulation of a
large variety of realistic and pragmatic situations.
Advanced users can even design and develop supply
chain scenarios based on real or imaginary situa-
tions. The teacher can build an unlimited number of
scenarios. Each scenario can consist of different
entities representing supply chain facilities such as
manufacturers, warehouses, retailers, etc.

SCS is ideally suited to test our hypotheses as it
provides a platform that allows teams to simulta-
neously work on a single scenario, with each
member receiving immediate feedback. Moreover,
the participants can easily manipulate the entities in
a familiar environment.

2.3 Experiment design

Two classes (‘Class Mixed’ and ‘Class Pure’) of
freshman undergraduates in their first semester in
an industrial engineering program in a premier
technical university participated in the experiment.
The two groups, each of which comprised the entire
respective class, took the identical introduction to
industrial engineering course in two separate years
(one right after the other). SCM was one module in
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this course syllabus, among other industrial engi-
neering topics. No changes in admission to the
program were made during the period that sepa-
rated the two classes. The course syllabus was the
same for each class and each had the same instructor
for the tutorials and presentations related to the
simulator, though they had a different instructor for
other, unrelated, material. The motivation for par-
ticipating in the experiment was the same for both
classes. The assignments associated with the experi-
ment were mandatory and students’ performance in
these assignments was a major part of their course
grade. There were no apparent differences between
the classes (e.g., demographics). Thus, we consider
the students in the two classes as having come from
the same distribution.

Class Mixed consisted of 134 students and Class
Pure consisted of 121 students. The students did not
have theoretical or formal training with SCM. Prior
to their first exercise using SCS, the students
received an introduction to SCM and SCS. The
introduction included an oral presentation and a
live demonstration of how to use SCS, instructions
on how to carry out the SCS exercises and an
explanation of the performance measure used (i.e.,
profit) and how it is calculated. Students were
motivated to pursue the highest profit possible as
this performance measure determined their grade in
each exercise. Students completed four exercises;
two of them were individual tasks (the first and
fourth) and the other two were completed in pairs.
Table 1 summarizes the experimental design; the
nature of each exercise is described below.

Pre-Evaluation Exercise: Managing a supply
chain with an intermediate level of difficulty. The
supply chain comprised seven facilities of one com-
pany (two manufacturers, two warehouses and three
retailers). At the beginning of each period the
students had to make several managerial decisions
such as the quantity to produce at each manufactur-
ing facility, the quantity each warehouse and retailer
would order, and the supply priority in case of a
conflict between external demand (customers) and
internal demand (orders from another facility within
the supply chain). Students’ goal was to maximize
the overall profit over 12 time periods. Each student
had ten trials and the best performance was

recorded. The purpose of this exercise, as far as
this research is concerned, was to expose students
to the simulator and allow them to practice so that
all groups of students would be aligned in their
ability to operate the simulator. Hence this exercise
was considered a pre-evaluation task.

There were some random factors in the scenario
due to demand uncertainty. Each student faced a
new demand realization in each trial. However, all
students had identical “random numbers” in each
trial, which is to say that the demand realization in
a specific trial was the same for all students. In this
manner, each student faced a “new” problem each
trial; nonetheless, all students dealt with exactly the
same trials and thus the demand realization was
not an intervening variable that influenced the
difference between students’ performances. This
technique was used in the next three exercises as
well.

First and Second Team Exercises: Each class was
divided into teams of two students. Additional
segmentation was carried out as the teams were
divided randomly into two cohorts (A and B). The
students in the different classes (Class Mixed and
Class Pure) and the different cohorts (A and B)
within each class belonged to separate groups that
were individually graded; each combination of class
and cohort was in fact an independent cohort
(Cohort Mixed-A, Cohort Mixed-B, Cohort Pure-
A and Cohort Pure-B). The teams and cohorts
remained unchanged for both team exercises. Each
team exercise included a supply chain with an
advanced level of difficulty that needed to be man-
aged by the team. Each supply chain involved
several facilities of one company (manufacturers,
warehouses and retailers). In each team, one student
was in charge of the “manufacturing division,”
which included the manufacturers and the ware-
houses, and the other student was in charge of the
“marketing division,” which included the retailers.
Each student had the individual goal of maximizing
his own facilities’” profit over 12 time periods; team
members—together—managed the same supply
chain. In other words, even though the team acted
as a single unit, each member was given personal
responsibility and a separate grade in order to
ensure that he or she participated fully in the

Table 1. Experiment design of the four exercises students completed during the experiment

Class Mixed Class Mixed Class Pure Class Pure

Cohort Mixed-A Cohort Mixed-B Cohort Pure-A Cohort Pure-B

Mixed Approach Mixed Approach Pure Approach Pure Approach
Pre-Evaluation Exercise Individual Individual Individual Individual
First Team Exercise Cooperative Competitive Cooperative Competitive
Second Team Exercise Cooperative Competitive Competitive Cooperative
Post-Evaluation Exercise Individual Individual Individual Individual
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exercise and had a personal stake in it. This design
minimized the free rider phenomenon.

The nature of the interaction among team mem-
bers (intragroup interaction) was sometimes com-
petitive and sometimes cooperative. The different
intragroup interaction types were realized in the
way students were graded. Every team had 20
trials for each exercise. In the competitive interac-
tion setup, teams decided by themselves which
single trial was to be used to determine their
grades. They had to choose the same trial for both
team members even though this trial would not
necessarily represent the supply chain’s best overall
performance. Students in the same team also knew
that they were being individually graded according
to their individual performance, regardless of over-
all team performance. Clearly, team members were
at odds with each other since each member would
opt for the trial in which he or she excelled, which
generally was not the one in which his partner
excelled. When team members were unable to
agree upon a specific trial, the average performance
over the last ten trials was used as the grade.

In contrast, in the cooperative interaction stu-
dents did not have to decide which trial would be
considered for their grade; the trial that produced
the maximum overall profit for the entire supply
chain was used. Thus students were compelled to
cooperate in order to jointly succeed. Nonetheless,
students in the same team were still individually
graded according to their individual performance.

Table 1 summarizes the assignment of interaction
type to the teams in the two cohorts in the two
classes. In Class Mixed, the teams in Cohort Mixed-
A were assigned a competitive interaction for the
first team exercise and a cooperative interaction for
the second team exercise. The assignment to Cohort
Mixed-B was reversed: Teams engaged in a coop-
erative interaction for the first team exercise and a
competitive interaction for the second team exer-
cise. For each class, both team exercises were
actually the same, though the students were inten-
tionally not made aware of this fact (the facilities of
the supply chain were organized differently on the
map, making it hard to find similarities between the
two exercises. Moreover, the teams in each cohort
ran only their specific cohort’s exercises so they were
unable to compare their results to those of the other

cohort’s exercise). Consequently, the potential per-
formance (overall profit) of each exercise was the
same.

In Class Pure, the cohort teams were always
assigned the same interaction type. Teams in
Cohort Pure-A were assigned the competitive inter-
action for both team exercises and teams in Cohort
Pure-B were assigned the cooperative interaction
for both team exercises.

Note that the pre-evaluation and first and second
team exercises for the two classes were not exactly
the same. They differed in their facilities’ locations
and their parameters, such as demand distributions,
cost parameters, lead times, etc. The reason for this
dissimilitude is that the classes were not given at the
same time (as noted above, they were given one year
apart). Changing the parameters prevented students
from reusing solutions; some students could obtain
the previous year’s solutions from their friends.

Post-Evaluation Exercise: An individual task
similar to the first exercise. The exercise had an
advanced difficulty level, requiring each student
first to design an efficient supply chain for one
company using predetermined facilities and then
to manage it. The goal was the same as in the other
exercises, i.e., to maximize overall profit over 12
time periods. This exercise evaluated students’ indi-
vidual ability after they had learned and gained
experience from the two team exercises. The post-
evaluation exercise was exactly the same for the two
classes, thus enabling us to compare the two classes’
performances after they had completed the preced-
ing three exercises.

3. Experiment results and analysis

Table 2 summarizes the number of individual results
collected in the pre- and post-evaluation exercises
and the number of team results collected in Cohort
A and Cohort B for Class Mixed and Class Pure.
The variation in the number of students participat-
ing in the various exercises was due to the fact that
students enrolled in or dropped the course during
the semester. Moreover, occasionally students did
not participate in the exercises, even though they
were mandatory. Given that the number of students
adding and dropping the course was no different
than normal; we believe that their reasons for doing

Table 2. Number of results collected in all four exercises for both classes

# of team results,

# of team results,

# of individual first and second first and second # of individual
results, pre-evaluation team exercises team exercises results, post-evaluation
exercise Cohort A Cohort B exercise

Class Mixed 119 32 34 127

Class Pure 112 30

31 111
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Fig. 2. Bivariate fit graph of Class Mixed: Pre-evaluation exercise z-score vs. the post-evaluation exercise z-score.

so were unrelated to the simulator. In addition, in
each class there were 2-3 outlier observations that
were removed according to the heuristic given in
[62]: The magnitude of the ratio of the residual of the
outlier to the error variance was greater than three.
These outliers were usually due to a student starting
an exercise and then abandoning it in the middle;
basically, the student did not finish the exercise.

A simple t-test was not suitable for checking the
hypotheses since the within-cohort variance masked
the differences between cohorts. This phenomenon
can be elucidated by a bivariate fit analysis of both

classes’ performances. When analyzing Class Mix-
ed’s and Class Pure’s results, a significant correla-
tion between the teams and their performance was
revealed (Class Mixed p value < 0.002, Adjusted
R?=0.077; Class Pure p value < 0.001, Adjusted R>
=0.137). Figures 2 and 3 present the bivariate fit test
results of the correlation between the teams and
their z-score performance in the pre- and post-
evaluation exercises in Class Mixed and Class
Pure, respectively. The teams tended to show
either high or low performance regardless of strat-
egy. Due to the correlation findings and in order to

Post-Evaluation
Exercise Z-score

Group

Pre-Evaluation

Exercise Z-score

Fig. 3. Bivariate fit graph of Class Pure: Pre-evaluation exercise z-score vs. the post-evaluation exercise z-score.
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Table 3. Students’ performance (profit in §) in the post-evaluation exercise for each class (raw data results after eliminating outliers and

data of students who did not participate in all four experiments

Standard Deviation Sample
Class Mean Size
Class Mixed 5,335,228 44,767 113
Class Pure 4,808,057 72,479 110

Table 4. ANCOVA results of testing the difference in the inter-class mean post-evaluation exercise performance using the pre-evaluation

exercise as a covariant

Source Degrees of Freedom F Statistic Sig.
Model 3 5697.070 0.000
Pre-Evaluation Exercise Performance 1 41.541 0.000
Class 2 3084.544 0.000
Error 220

Total 223

Table 5. Students’ performance (profitin $) in the post-evaluation
exercise for each cohort in Class Mixed (raw data results after
eliminating exceptions and data of students who did not partici-
pate in all four experiments)

Cohort A B

Mean 5,373,446 5,304,224
Standard Deviation 57,680 70,914
Sample Size 57 54

reduce the within-group variance, in all statistical
tests we used ANCOVA to test the significance of
differences between the cohorts’ mean student per-
formance in the post-evaluation exercise (depen-
dent variable) using student performance in the
pre-evaluation exercise as a covariate.

3.1 Hypothesis I

In order to test whether a mixed approach achieves
better learning outcomes than a pure approach, we
used ANCOVA to test the significance of the
difference between the mean student performance
in the post-evaluation exercise (dependent variable)
in the two classes (Class Mixed and Class Pure)
using the pre-evaluation exercise as a covariate; see
Table 3.

Table 4 presents the ANCOVA results that indi-
cate that the performance in the post-evaluation
exercise is dependent on the class when correcting
for the classes’ performance in the pre-evaluation
exercise. The significance of the model has a p value

< 0.001 and the significance of the independent
variable (class) also has a p value < 0.001. Cohen’s
effect size value (d = 0.83) suggests a high practical
significance. Accordingly, we conclude that teach-
ing using a mixed approach achieves better learning
outcomes than using a pure approach.

3.2 Hypothesis 2

In order to test whether the order of the two
intragroup interaction types significantly affects
the learning outcomes when using a mixed
approach, we used ANCOVA to test the signifi-
cance of the differences between the mean student
performance in the post-evaluation exercise (depen-
dent variable) in Cohort Mixed-A and Cohort
Mixed-B; see Table 5.

Table 6 presents the ANCOVA results that indi-
cate that the performance in the post-evaluation
exercise is dependent on the cohort when correcting
for the groups’ performance in the pre-evaluation
exercise. The significance of the model has a p value
< 0.001 and the significance of the independent
variable (cohort) also has a p value of 0.007.
Cohen’s effect size value (d = 0.14) suggests a low
practical significance.

In order to further test Hypothesis 2, we con-
ducted an additional analysis. Motivated by the
correlation findings, we decided to neutralize noise
caused by the intra-cohort variance in a different
way than by using a covariate. A t-test investigated
the mean difference in the performance of the

Table 6. ANCOVA results for testing the difference in the inter-cohort mean post-evaluation exercise performance using the pre-

evaluation exercise as a covariant

Source Degrees of Freedom F Statistic Sig.
Model 3 4916.439 0.000
Pre-Evaluation exercise performance 1 8.490 0.004
Cohort 2 5.132 0.007
Error 108

Total 111
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Table 7. Students’ performance (profit in $) in the first and second team exercises and the difference in the performance of ‘Cooperative
minus Competitive’ for each cohort in Class Mixed (number of teams in Cohort Mixed-A = 32, number of teams in Cohort Mixed-B = 34)

The First Team The Second Team ‘Cooperative minus
Cohort Statistical measure Exercise Exercise Competitive’
A Mean 1,885,471 1,922,995 37,524
Standard Deviation 19,458 15,067 13,885
B Mean 1,894,548 1,905,505 -10,957
Standard deviation 14,691 16,133 11,549

cooperative exercise minus the competitive exercise
for each team. In other words, the nominal perfor-
mance of each team interaction type was not ana-
lyzed. Only one datum for each team was used: The
result of their performance using the cooperative
interaction minus their performance using the com-
petitive interaction. This method eliminated the
noise of each team’s ability. For Cohort Mixed-A,
this method meant using the difference between the
results in the second team exercise and the first team
exercise. Similarly, for Cohort Mixed-B this meant
using the difference between the results in the first
team exercise and the second team exercise. A t-test
was used here as opposed to ANCOVA, which was
used in the previous analyses, as we did not postu-
late that the students’ initial abilities would affect
the difference between these two exercises while
before we had postulated that the students’ initial
performance would affect the students’ absolute
performance in the final exercise. Table 7 presents

300,000

the students’ performance in the first and second
team exercises and the difference in the performance
of ‘cooperative minus competitive’ for each cohort
in Class Mixed.

The two-tailed t-test determined that results
depended significantly on which interaction type
was used in the first team exercise (p value <
0.001, Cohen’s d = 3.79). Teams that started with
the competitive interaction in the first team exercise
performed significantly better. Moreover, the
results show that teams that started with the com-
petitive interaction had a positive difference (one
tailed z-test with p value < 0.004, Cohen’s d = 2.70);
whereas teams that started with the cooperative
interaction demonstrated no significant difference
between their performances using both interaction
types, i.e., the mean difference was not significantly
different than zero. Figure 4 presents the test results
graphically. Accordingly, we conclude that the
order of the two interaction types is significant
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o
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Fig. 4. One-way analysis graph of the performance in $ of Class Mixed Cohorts of ‘cooperative minus competitive’.
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and it is better to start with a competitive interaction
and then move to a cooperative one.

4. Discussion

This research focused on team learning using SBT
techniques in the industrial engineering education
domain. We utilized a simulator that enables the
virtual management of a supply chain to investigate
two different approaches—pure and mixed—trying
to determine which is the more effective when using
SBT in the SCM domain. The results indicate that
when using SBT with teams, it is better to teach
using a mixed approach than to teach using only one
(pure) approach. Moreover, if both interaction
types are used, then the order of teaching is sig-
nificant; it is better to start with a competitive
interaction and then move to a cooperative interac-
tion rather than the reverse.

In the post-evaluation exercise, Class Mixed
students outperformed Class Pure students, which
result supports Hypothesis 1 that it is better to teach
using both interaction types rather than with only
one. A possible explanation for the observed phe-
nomena is that teaching using both interaction types
exposes students to a broader experience than
teaching using only one interaction type. This
experience enriches the learning process and thus
is more efficient.

Once a mixed approach is used, we found that it is
better to start with a competitive interaction and
then move to a cooperative one. This assertion
derives from students’ performance in the post-
evaluation exercise. In this exercise, the Class
Mixed students that started with the competitive
exercise significantly outperformed students who
started with the cooperative exercise.

It seems that the Class Mixed teams that started
with a competitive interaction and then used a
cooperative interaction (Cohort mixed-A) learned
something extra from the order in which they
performed the team exercises. The learning was
expressed by their better team performance when
using a cooperative interaction versus a competitive
one; i.e., the second round performance was better
than the first one. In contrast, teams that started
with a cooperative interaction and then used a
competitive one did not learn enough from the
first round in order to improve their performance
in the second round. This observation is supported
by the zero difference in the performance of the first
and second rounds for the teams using a cooperative
and then a competitive interaction. This being the
case, teams that started with a cooperative interac-
tion apparently did not learn from the first team
exercise as evidenced by the fact that their perfor-
mance in the second team exercise was no better

than their performance in the first team exercise (on
average).

A potential explanation for the differences in the
performances of the two groups in Class Mixed is
that a competitive exercise causes the team to
experience the negative effects of competition.
Accordingly, during the next session, the team
members appreciate and take advantage of the
opportunity to cooperate.

Another possible explanation is that a team that
started with a cooperative interaction has already
internalized the benefits of cooperation before
moving on to a competitive scenario. Thus when
the team faces a competitive interaction (the second
team exercise), its members did not act according to
the competitive instructions, but continued to act as
if they were in a cooperative exercise. The effect here
was intensified because even though the competitive
teams were motivated to act competitively, they
were not compelled to do so—there was no direct
penalty if they did not.

A more technical explanation for the above
findings may perhaps be that a competitive exercise
forces each team member to deal with the exercise
(each team member must take care of himself if he
wants to succeed, whereas in a cooperative exercise,
each team member knows she can count on her
partner). Thus, learning begins earlier when the
competitive exercise is first.

A study design limitation of the current research
was that the students who participated in the experi-
ment belong to a single institute and thus are
potentially a non-representative group. Yet, to the
best of our knowledge, the characteristics of these
students are not different from other industrial
engineering students from other institutions.

Another limitation was that we checked the short
term effect within the same semester and not a
longer term effect. It is our assertion that this is
the first step in examining this area; a short term
effect is needed for a long term effect. The extent of
the long term effect could and should be addressed
in subsequent research.

5. Conclusions and future research

The goal of the research was to investigate, from
pedagogical perspectives, which approach is more
effective when using SBT in engineering education:
pure or mixed. In reality, some supply chains are
managed by cooperative interaction while others
are managed by competitive interaction. From a
practical point of view, cooperative interaction
based on a win-win approach is preferable.

Our study indicates that at the training stage, it is
better to train teams using both interaction types
rather than to teach using only one (pure) interac-
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tion type. Furthermore, it is better to start with
competitive interaction and then move to coopera-
tive interaction rather than the reverse.

After considering the above results and their
possible explanations, the following guidelines on
how to use SBT for team training are offered:

1. Teach using a mixed approach—both coopera-
tive and competitive interaction types (not just
one of them).

2. When training teams and trying to encourage a
certain behavior and eliminate another beha-
vior considered to be negative, it is better for
trainees first to gain experience with the nega-
tive behavior and its repercussions. Only after-
wards should they be exposed to the targeted
behavior and its benefits because in the latter
situation, the differences are more obvious and
the learning process is intensified.

3. When training teams in the reverse order (i.e.,
first the desired behavior and only afterwards
the negative one), ensure that the teams follow
the instructions and they should be motivated
to actually act upon the negative behavior.

The experiment could be reiterated in different
institutions, possibly from different countries, in
order to reinforce the validity of this study’s hypoth-
eses and conclusions, increase the sample size and
neutralize cultural and regional types of biases that
might result from our study limitation (students
belonging to a single institution; noted above).
Along with conducting the experiment, student
satisfaction from SCS could also be assessed.

We suggest that future research focus on the
impact of supply chain SBT on the real strategy
adopted by industrial engineers. The main question
would then be whether a mixed training approach
promotes cooperative management of real supply
chains.

References

1. F. Costantino, G. Di Gravio, A. Shaban and M. Tronci, A
simulation based game approach for teaching operations
management topics, In Proceedings of the 2012 Winter
Simulation Conference, Berlin, Germany, 2012.

2. M. Heuer, Foundations and capstone; core values and hot
topics; ethics-1x; skytech; and the green business laboratory:

simulations for sustainability education, The Academy of

Management Learning and Education, 9(3), 2010, pp. 556—
561.

3. M. Gunes and A. F. Baba, Educational tool for design and
implementation of an autonomous mobile robot, Interna-
tional Journal of Engineering Education, 25(2), 2009, pp. 239—
249.

4. Z. Doulgeri and N. Zikos, Development, integration and
evaluation of a web-based virtual robot task simulator in the
teaching of robotics, International Journal of Engineering
Education, 25(2), 2009, pp. 261-271.

5. H. Leemkuil and T. De Jong, Adaptive advice in learning
with a computer-based knowledge management simulation

20.

21.

22.

23.

24.

25.

game, The Academy of Management Learning and Education,
11(4), 2012, pp. 653-665.

. L. Proserpio and D. A. Gioia, Teaching the virtual genera-
tion, The Academy of Management Learning and Education,
6(1), 2007, pp. 69-80.

. B.S. Bell, A. M. Kanar and S. W. Kozlowski, Current issues
and future directions in simulation-based training in north
America, International Journal of Human Resource Manage-
ment, 19, 2008, pp. 1416-1434.

. T.F.Wiesnerand W. Lan, Comparison of student learning in
physical and simulated unit operations experiments, Journal
of Engineering Education, 93(3), 2004, pp. 195-204.

. B. Thompson and G. Bergus, Simulation in medical educa-
tion, report of the task force on simulators in education,
CCOM Medical Education Committee, June 2006.

. G.J. Summers, Today’s business simulation industry, Simu-
lation and Gaming, 35(2), 2004, pp. 208-241.

. E.Salas, J. L. Wildman and R. F. Piccolo, Using simulation-
based training to enhance management education, The
Academy of Management Learning and Education, 8(4),
2009, pp. 559-573.

. T. De Jong and W. R. Van Joolingen, Scientific discovery
learning with computer simulations of conceptual domains,
Review of Educational Research, 68, 1998, pp. 179-201.

. R. Bangert-Drowns, J. Kulik and C. Kulik, Effectiveness of
computer-based education in secondary schools, Journal of
Computer-Based Instruction, 12, 1985, pp. 59-68.

. P. W. Grimes and T. E. Willey, The effectiveness of micro-
computer simulations in the principles of economics course,
Computers & Education, 14, 1990, pp. 81-86.

. A. Kumar and A. W. Labib, Applying quality function
deployment for the design of a next-generation manufactur-
ing simulation game, International Journal of Engineering
Education, 20(5), 2004, pp. 787-800.

. K. Zantow, D. S. Knowlton and D. C. Sharp, More than fun
and games: reconsidering the virtues of strategic manage-
ment simulations, Academy of Management Learning and
Education, 4(4), 2005, pp. 451-458.

. D. M. Fraser, R. Pillay, L. Tjatindi and J. M. Case,
Enhancing the learning of fluid mechanics using computer
simulations, Journal of Engineering Education, 96(4), 2007,
pp.- 381-388.

. J. Hoheisel, F. Weber and G. Windhoff, New approaches for
training and education of engineers by using simulation
games, in J. O. Riis, R. Smeds and R. Van Landeghem
(eds), Games in Operations Management, Kluwer Academic
Publishers, Massachusetts, 1998, pp. 99-110.

. C.Koh,H.S.Tan, K. C. Tan, L. Fang, F. M. Fong, D. Kan,

S. L. Lye and M. L. Wee, Investigating the effect of 3D

simulation-based learning on the motivation and perfor-

mance of engineering students, Journal of Engineering Edu-

cation, 99(3), 2010, pp. 237-251.

B.D. Coller and D. J. Shernoff, Video game-based education

in mechanical engineering: a look at student engagement,

International Journal of Engineering Education, 25(2), 2009,

pp- 308-317.

M. G. Violante and E. Vezzetti, Implementing a new

approach for the design of an e-learning platform in engi-

neering education, Computer Applications in Engineering

Education, 22(4), 2014, pp. 708-727.

A.J. Magana, S. P. Brophy and A. M. Bodner, Instructors’

intended learning outcomes for using computational simula-

tions as learning tools, Journal of Engineering Education,

101(2), 2012, pp. 220-243.

M. Mawdesley, G. Long, S. Al-jibouri and D. Scott, The

enhancement of simulation based learning exercises through

formalised reflection, focus groups and group presentation,

Computers & Education, 56(1), 2011, pp. 44-52.

E. Salas, K. A. Wilson, C. S. Burke and H. A. Priest, Using

simulation-based training to improve patient safety: what

does it take? Journal on Quality and Patient Safety, 31(7),

2005, pp. 363-371.

J. P. Doh, Introduction: the real world via simulation, The

Academy of Management Learning and Education, 8(4), 2009,

pp. 558.

. O. Zwikael, A. Shtub and Y. Chih, Simulation-based train-



Teaching Supply Chain Management to Industrial Engineering Students

1699

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

ing for project management education: mind the gap, as one
size does not fit all, Journal of Management in Engineering,
2013.

T. Cioppa, T. Lucas and S. Sanchez, Military applications of
agent based simulations, In Proceedings of the 2004 Winter
Simulation Conference, ed. R. G. Ingalls, M. D. Possetti, J. S.

Smith, and B. A. Peters, Piscataway, New Jersey: Institute of

Electrical and Electronics Engineers, 2004, pp. 171-181.

J. M. Weller, Simulation in undergraduate medical educa-
tion: bridging the gap between theory and practice, Medical
Education, 38(1), 2004, pp. 32-38.

G. G. Wang, Bringing games into the classroom in teaching
quality control, International Journal of Engineering Educa-
tion, 20(5), 2004, pp. 678-689.

L. Davidovitch, A. Parush, and A. Shtub, Simulation-based
learning in engineering education: performance and transfer
in learning project management, Journal of Engineering
Education, 95(4), 2006, pp. 289-299.

L. Davidovitch, A. Parush and A. Shtub, Simulator-based
team training to share resources in a matrix structure
organization, IEEE Transactions on Engineering Manage-
ment, 57(2), 2010, pp. 288-300.

A. Siddiqui, M. Khan and S. Akhtar, Supply chain simu-
lator: A scenario-based educational tool to enhance student
learning, Computers & Education, 51(1), 2008, pp. 252-261.
J. P. C. Kleijnen, Supply chain simulation tools and techni-
ques: a survey, International Journal of Simulation & Process
Modelling, 1(1/2), 2005, pp. 82-89.

D. Knoppen and M. J. Sdenz, Supply chain collaboration
games: a conceptual model of the gaming process, in M.
Taisch and J. Cassina (eds), Learning with Games, Mar. Co,
Italy, 2007.

R. Smeds and J. O. Riis (eds), Experimental Learning in
Production Management, Chapman and Hall, London, 1998.
K. D. Thoben, J. B. Hauge, R. Smeds and J.O. Riis, J.O.
(eds), Multidisciplinary Research on New Methods for Learn-
ing and Innovation in Enterprise Networks, Verlaag Mainz,
Aachen, 2007.

G. Rodriguez, A, Soria and M. Campo, Virtual scrum: a
teaching aid to introduce undergraduate software engineer-
ing students to scrum, Computer Applications in Engineering
Education, 23(1), 2015, pp. 147-156.

M. J. Séenz and J. L. Cano, Experiential learning through
simulation games: an empirical study, International Journal
of Engineering Education, 25(2), 2009, pp. 296-307.

D. C. Berry and D. E. Broadbent, Explanation and verbali-
zation in a computer-assisted search task, The Quarterly
Journal of Experimental Psychology, 39A, 1987, pp. 585-609.
D. Leutner, Guided discovery learning with computer-based
simulation games: effects of adaptive and non-adaptive
instructional support, Learning and Instruction, 3, 1993, pp.
113-132.

H. Kelley and J. Thibaut, Group problem solving, In G.
Lindzey and E. Aronson (eds), The handbook of social
psychology, Reading, Mass.: Addison-Wesley, 1969.

R. E. Slavin, Best-evidence synthesis: an alternative to meta-
analytic and traditional reviews, Educational Researcher, 15,
1986, pp. 5-11.

L. Kluge, Cooperative Learning, Arlington, VA: Educational
Research Service, 1990.

M. Deutsch, A theory of cooperation and competition,
Human Relations, 2, 1949, pp. 129-52.

45

46

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

. D.Nembhard, K. Yip and A. Shtub, Comparing competitive
and cooperative strategies for learning project management,
Journal of Engineering Education, 98(2), 2009, pp. 181-192.

. M. Covington and C. Omelich, Task-oriented versus compe-

titive learning structures: motivational and performance

consequences, Journal of Educational Psychology, 76(6),

1984, pp. 1038-1050.

R. T. Johnson, D. W. Johnson and M. B. Stanne, Compar-

ison of computer-assisted cooperative, competitive, and

individualistic learning, American Educational Research

Journal, 23(3), 1986, pp. 382-392.

D.J. Campbell and D. M. Furrer, Goal setting and competi-

tion as determinants of task performance, Journal of Orga-

nizational Behavior, 16(4), 1995, pp. 377-389.

L. W. Sherman, Cooperative versus competitive educational

psychology classrooms: a comparative study, Teaching and

Teacher Education, 2(4), 1986, pp. 283-95.

Z. Qin, D. W. Johnson and R. T. Johnson, Cooperative

versus competitive efforts and problem solving, Review of

Educational Research, 65, 1995, pp. 129-143.

D. W. Johnson, G. Maruyama, R. Johnson, D. Nelson and

L. Skon, Effects of cooperative, competitive, and individua-

listic goal structures on achievement: a meta-analysis, Psy-

chological Bulletin, 89, 1981, pp. 47-62.

P. A. Okebukola, The relative effectiveness of cooperative

and competitive interaction techniques in strengthening

students’ performance in science classes, Science Education,

69(4), 1985, pp. 501-509.

R. E. Slavin, Cooperative Learning Theory, Research and

Practice, Prentice Hall, Englewood Cliffs, NJ, 1990.

D. Tjosvold, Cooperative and competitive goal approach to

conflict: accomplishments and challenges, Applied Psychol-

ogy: An International Review, 47(3), 1998, pp. 285-342.

A. Hwang and J. B. Arbaugh, Seeking feedback in blended

learning: competitive versus cooperative student attitudes

and their links to learning outcome, Journal of Computer

Assisted Learning, 25, 2009, pp. 280-293.

M. M. Clifford, Motivational effects of competition in

reward and non-reward conditions, Journal of Experimental

Education, 39, 1971, pp. 11-16.

J. W. Michaels, Classroom reward structures and academic

performance, Review of Education Research, 47, 1977, pp.

87-98.

B. D. Williams and T. Tokar, A review of inventory manage-

ment research in major logistics journals: Themes and future

directions, International Journal of Logistics Management,

19(2), 2008, pp. 212-232.

H. K. Chan and F. T. S. Chan, A review of coordination

studies in the context of supply chain dynamics, International

Journal of Production Research, 48(10), 2010, pp.2793-2819.

H. L. Lee, V. Padmanabhan and S. Whang, The bullwhip

effect in supply chains, Sloan Management Review, 38(3),

1997. pp. 93-102.

A. Tzimerman, Y. T. Herer and A. Shtub, Teaching supply

chain management: mixed vs. pure strategies in simulation

based training, in Advances in Production Management

Systems. Sustainable Production and Service Supply Chains,

V. Prabhu, M. Taisch, D. Kiritsis (eds.). Springer Berlin

Heidelberg, 2013, pp. 126-133.

A. J. Hayter, Probability and Statistics for Engineers and

Scientists, PWS Publishing Co. Boston, MA, 1996, pp. 325-

326, 617-618, 629-630.

Avinoam Tzimerman is a doctoral candidate in the Faculty of Industrial Engineering and Management at the Technion—
Israel Institute of Technology. He has a B.Sc. and an M.Sc. from the Technion. He also has a LL.B. in law from Netanya
College and an M.A. in law from Bar Ilan University. Avinoam served for seven years as a professional officer in the Israeli
Air Force and has worked for many years for high-tech companies.

Yale T. Herer is an Associate Professor at the Technion—Israel Institute of Technology. He received his B.S. (1986), M..S.
(1990), and Ph.D. (1990) all from the ORIE Department of Cornell University. His main research focus is on supply chain
management. He is/has served on the editorial boards of NRL, I1E Transactions, and OR Letters. He has received both the

IIE Transactions Best Paper Award and the Wagner Prize.



1700 Avinoam Tzimerman et al.

Avraham Shtub holds the Stephen and Sharon Seiden Chair in Project Management. He has a B.Sc. in Electrical
Engineering from the Technion—TIsrael Institute of Technology (1974), an M.B.A. from Tel Aviv University (1978) and a
Ph.D.in Management Science and Industrial Engineering from the University of Washington (1982). Prof. Shtub served as
a Department Editor for ITE Transactions, was on the Editorial Boards of IIE Transactions and the International Journal
of Production Research.



