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In recent years, games have been proven to be an effective tool in supplementing
traditional teaching methods. Through game playing, students can strengthen their
cognitive-recognition architecture and can gain satisfaction as well as a sense of
achievement. This study presents a conceptual framework for examining various
effective strategies by which instructors can both integrate games into courses and
strengthen games’ positive influence on students’ learning motivations. We used a
flexible web-based instructional game called the Simulation of Production and Logistics
Environment (SIMPLE) game in three decision-science courses in industrial engineer-
ing. Through this use, we evaluated the perceptions and the learning motivation
attributable to a group of students after they played the SIMPLE game. We also
explored the relationships between the course design and the students’ learning
motivations. We collected data from 139 students in the three courses and analysed the
materials by using descriptive statistics, an independent t-test, a multiple regression
analysis, one-way analysis of variance and Pearson correlation. Results showed that
instructors’ teaching strategies enhanced students’ motivation to play the SIMPLE
game and that students’ learning motivation affected the students’ acceptance of the
SIMPLE game. The results also showed a clear and strong relationship between
students’ background and students’ acceptance of the SIMPLE game in these three
courses. By combining appropriate approaches to adopting the SIMPLE game and
appropriate approaches to teaching students about production and logistics decision-
making situations, instructors can create an effective learning environment for peer
interaction, for learning motivation and for course-directed learning interest.

Keywords: instructional game; learning motivation; course design; evaluation study;
industrial engineering

Introduction

In the fields of industrial engineering (IE) and industrial management, instructors help
students develop decision-making skills for complex, ill-defined practical situations.
Students, themselves, find that the use of theoretical knowledge to resolve ill-defined
problems often creates more problems than it resolves. One of the reasons for the inability
of traditional teaching methods to support the transformation of theory into practice is the
lack of contextualised or anchored content.
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Properly designed instructional games may viably address these needs. A telling
example is the Massachusetts Institute of Technology (MIT) Beer game (http://beergame.
mit.edu/), which the MIT originally developed in the 1960s. The purpose of the MIT Beer
game is to show how the patterns that we create in production chains, logistics chains and
customer chains sometimes yield unexpected and undesired results. After the MIT Beer
game, other games emerged as part of instruction in the IE-related field. One such game is
the Littlefield Technologies Game (http://littlefield.responsive.net), which two graduate
students at Stanford University developed and which enables each player to act as a
manufacturer that makes decisions related to queuing theory, scheduling approaches and
principles of inventory management to win over other players in the game. In regard to
instructional games like these, most studies focus not on the games’ empirically
verifiable effectiveness, but on game-design issues. Moreover, only a few studies have
attempted either to integrate effective pedagogical strategies into learning or to fully utilise
games’ interactive features. The research community would benefit greatly from
more empirical studies that examine the effectiveness of instructional games and from
more empirical studies that offer guidelines for the successful implementation of games in
teaching.

The purpose of this study is to investigate the effects that the Simulation of Production
and Logistics Environment (SIMPLE) game has on learning motivations in different
course designs. The SIMPLE game is the brainchild of the Supply-chain-management Lab
at National Chiao Tung University in Taiwan (Chang et al., 2007). It is a flexible, web-
based game platform that simulates various production-related scenarios to allow students
to experience the consequences of their decisions made during the game. Instructors can
easily adjust the game’s parameters to quickly construct different decision-making
situations when adopting the SIMPLE game in teaching. Thus, this study (1) describes
different strategies for the integration of the SIMPLE game into three decision-science
courses (production and operation management (POM), supply-chain management
(SCM) and introduction to IE); (2) evaluates the perceptions and the learning motivations
attributable to a group of students after playing the SIMPLE game; and (3) explores the
relationships between the course design and the students’ learning motivations. The results
will contribute to the literature on the use of instructional games in the fields of IE and
industrial management.

Literature review

Learning motivation and effective learning environments

For the past two decades, many studies have focussed on topics such as the learning
behaviour and the learning motivations of university students (Dart, 1994; Paulsen &
Gentry, 1995; Piccoli, Ahmad, & Ives, 2001; Pintrich, Smith, Garcia, & McKeachie,
1993; Schiefele, 1991; Zimmerman & Martinz-Pons, 1990). Pintrich and Schunk (1996)
studied the relationships between students’ internal motivations and learning environ-
ments. They argued that instructors are the key not only to successful supportive
learning environments but also to students’ effective learning motivations. Bandura
(1986) proposed a social cognitive theory and, on this basis, emphasised the
relationships among learning, personal faith, personal behaviour and environmental
influences. Other researchers have studied self-regulated learning and have concluded
that learning, being more than a connection process between new knowledge and old
knowledge, is an effect of instructor-created learning environments (Pintrich & Schunk,
1996; Tuckman, 1992).
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Some researchers proposed approaches to enhance learning motivations that can
surface during the learning process. Their underlying assumption was that instructors
should create both cooperative and competitive relationships among students
(Johnson & Johnson, 1987; Wiegmann, 1992). Following this line of study, some res-
earchers carried out experiments on different models that addressed cooperative
learning and teaching. They found that, in general, cooperative learning, indeed, has
positive effects on recognition, psychology and socialisation (Johnson & De Felix,
1993; O’Donnell et al., 1985; O’Donnell, Dansereau, Hall, 1987; Slavin, 1983, 1995;
Wiegmann, 1992).

Slavin (1995) argued that peer learning was a system in which students could share
ideas with one another, enhance their individual learning interest and achieve goals
together. Trust was critical to the cooperative-learning process. In addition, this process
depended on discussion, sharing and assistance – all of which eventually enhanced the
participating members in terms of their recognition capability, their emotions and their
socialisation (Johnson & Johnson, 1978, 1987).

Based on the above reviews, this study concluded that, in order to enhance
students’ learning motivation, cognitive growth and social growth, instructors
should create a cooperative and competitive learning environment. The following
section deals with the strategies for instructors’ creation of this type of learning
environment.

The game-based teaching strategy

Recently, in addition to traditional teaching strategies, alternatives have drawn the
attention of instructors and researchers (Garris, Ahlers, & Driskell, 2002; Martocchio
& Webster, 1992; Mayer, Mautone, & Prothero, 2002; Petranek, Corey, & Black,
1992). Among many available strategies, gaming has been proven to be a tool that
effectively enhances teaching and learning. For example, Randel, Morris, Wetzel and
Whitehill (1992) stated that games that had curiosity-causing and challenging
characteristics could have positive effects on learning, such as increasing students’
internalisation of classroom knowledge. Because games are challenging, instructors can
engage their students in either competitive or cooperative ways (Dempsey, Lucassen,
Haynes, & Casey, 1996; Malone, 1981). Meanwhile, by participating in game-based
role-playing, students can simulate social activity and can exercise their imaginations
(Gaillois, 2001). Moreover, students can strengthen different cognitive structures (e.g.
logical reasoning, hand-eye coordination) and can gain satisfaction by repeatedly
playing games and by repeatedly improving the game-playing outcomes. In a similar
vein, Johnson and De Felix (1993) proposed that games were pleasant and had a
positive meaning to the game players. Besides those appealing characteristics,
researchers believed that games, by offering game players opportunities to interact,
to challenge nature and to learn competitively, could also trigger learning motivation
(Mayer, Mautone, & Prothero, 2002; Rieber, 1996). Considering the benefits of game-
based strategy, several studies (Hemmasi & Graf, 1992; Mayer, Mautone, & Prothero,
2002; Rieber, 1996) have confirmed that instructors approve of game-based teaching as
a supplement to traditional teaching methods.

In summary, instructors can build a pleasant environment through games, whereas
students can achieve a sense of victory through games; therefore, changes, challenges and
fun can characterise the entire learning process, and this is the main reason for games’
appeal to students.
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Proven strategies for the integration of games into curriculum

The above learning outcomes did not occur simply because instructors exposed students to
games, nor because students used games individually. Considering the contexts in which
students develop decision-making skills for complex and ill-defined practical situations, we
propose that instructors and researchers should take into consideration both the
pedagogical support and the well-designed learning strategies that facilitate the integration
of games into teaching practices. Figure 1 depicts the relationships that underlie
supportive pedagogies (integrated well-designed games) and, in particular, the pedagogy’s
enhancement of learning, of curriculum and of teaching practices.

Also, from the above literature, we identified four specific principles that the curricula
should contain:

(1) Challenges (Principle 1): The contents of the game need to be challenging in order
to arouse students’ curiosity.

(2) Competition (Principle 2): So that students’ motivation remains high, either
individual students or groups need to compete with each other.

(3) Cooperation (Principle 3): The design of the game should help students to develop
a sense of ‘work as a team and win as a team’.

(4) Authentic tasks (Principle 4): The game should incorporate authentic, real-world
cases, instead of textbook-like materials.

The above discussion provides a conceptual framework for understanding effective
teaching strategies by which instructors can both integrate games into courses and
strengthen instructors’ positive influence on students’ learning motivations. This study
attempts to go beyond the simple comparison between courses that use instructional
games and courses that do not – a comparison that some studies have undertaken (Mayer,
Mautone, & Prothero, 2002). Instead, this study manages to examine different teaching
strategies and their effects on students’ learning motivations. It can be seen from the above
descriptions that instructors can use different strategies to establish a perfect learning
environment for the students; therefore, in the supportive pedagogies, not only the
content, but also the learning process need to be emphasised. This is because students can
only generate understanding through interaction with the environment. Specifically, the
research questions of this study are as follows:

(1) How do students perceive the usefulness of the SIMPLE game across the three
decision-science courses?

(2) What are the relationships among students’ backgrounds, students’ learning
motivations and students’ acceptance of the SIMPLE game?

Figure 1. The conceptual structure of integrating a game into curriculum through supportive
pedagogies.
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Descriptions of the game and the course design

The SIMPLE game

The SIMPLE game is a web-based instructional game that simulates various scenarios
characteristic of production and logistics decision-making situations (Chang et al., 2007).
The game can serve as a teaching aid to increase the instructional effectiveness in
production, logistics and supply chain management and other related courses in the field
of IE. This system is accessible through a web page: http://scmlab.nctu.edu.tw:8084/
Esimplex (as shown in Figure 2).

The SIMPLE game provides two game modes: the Manufacturer Mode and the Supply
Chain Mode. The ‘manufacturer mode’ is for a single player whereas the ‘supply chain
mode’ is for multiple players playing interactively. In the two modes, a player can act as a
decision maker who orders materials from the upstream supplier and manages resources.
The goal is to produce adequate units that satisfy demand generated by the downstream
customers. The ‘downstream customer’ can be played either by another player (only in the
supply chain mode) or by the system (in both modes). The game cycle is arranged into
weeks. Each game consists of several cycles. During the cycles, a player’s decisions incur
various costs. The system automatically calculates the cumulative cost after the end of
each game. The system rates a player’s overall performance by calculating the cumulative
costs; lower the cumulative cost reflects a better performance. In an educational context,
this game grants the instructors full control over the configurations. Thus, instructors can

Figure 2. The homepage of the SIMPLE game.
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set the configurations according to the instructional goals at hand; for instance, the
instructors can tailor the SIMPLE game to their respective course goals by setting the
game’s parameters regarding number of weeks and cost structure. Figure 3 describes
the resources to be used and the decisions to be made by a player in the game.

Figure 4 shows a supply chain formed by four players (supplier, manufacturer,
distributor and retailer) in the ‘supply chain mode’. The person who acts as the game
administrator can configure the number of players in the SIMPLE game in advance.
The ultimate goal in a supply chain game is to minimise the total cost accumulated over

Figure 3. Player-controlled decisions and player-controlled use of resources.

Figure 4. An example of a supply chain.
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the entire chain; to achieve this goal, therefore, players have to cooperate closely with one
another (this feature of the game reflects Principle 3: cooperation).

While playing a game, each player receives information from the system and uses this
information to make his or her decision. The game administrator can turn on the
information-sharing mechanism for multiple players so that they can discuss their
strategies as well as engage in personal communications during the game. Figure 5 shows a
snapshot viewed by one of the players in a four-player supply chain game. After players
complete the game, the SIMPLE game displays results in summative reports and charts,
on which players can check their performances (as shown in Figure 6).

The SIMPLE game represents a dynamic environment of scenarios observed in real-
world business decisions (this feature of the game reflects Principle 4: Authentic tasks). In
order to become successful in this game, players need to carefully meet their customers’
requests by maximising the resources in a cost-effective fashion (downstream demand). In
the ‘supply chain mode’, one player’s decisions affect not only an upstream player’s
decisions but also the performance of the entire supply chain. Players may be able to
perform well in the game if they correctly apply knowledge and use appropriate course-
based quantitative techniques, such as the Model of Economic Order Quantity. Therefore,
the contents of the SIMPLE game challenge both a player’s knowledge and a player’s
skills (this feature of the game reflects Principle 1: Challenges).

Strategies for the integration of the SIMPLE game into the three decision-science courses
in IE

This study has used different strategies for the integration of the SIMPLE game into the
three decision-science courses. The SIMPLE game was tailored to the instructional
objectives of the three courses. In the POM course and the IE course, the instructor set
the SIMPLE game to the ‘manufacturer mode’ (single-player mode). In this mode, each

Figure 5. A player interface (viewed by one player in a four-player supply chain game).
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student needed to apply the theories and the strategies related to a manufacturer’s
production and inventory management skills. In the SCM course, the instructor set the
SIMPLE game to the ‘supply chain mode’ (multiple-player mode), and each supply
chain had four roles (supplier, manufacturer, distributor and retailer) played,
respectively, by four students. Students needed to cooperate with the members of a
supply chain in order to achieve a better system-wide performance and to generate a
minimum overall cost in the supply chain. In the three courses, students needed to
cooperate with their team members and, simultaneously, to compete with other teams
for the best performance (this feature of the game reflects Principle 2: competition). The
post-game discussions encouraged students to share their game strategies and to discuss
how their game strategies were related to the theories taught in the course. Upon
completing the game, students submitted their reports (in groups), disclosing their game
results and strategies. The instructors could, thus, evaluate the course design and the
quality of students’ learning by examining the total cost produced as well as the
students’ reports.

POM course

For the POM course, the instructor set the SIMPLE game to the ‘manufacturer mode’.
Every three or four students were grouped as one team, and each team played the role of a
manufacturer. The game was played for 20 simulated weeks and each team was told to get

Figure 6. The results of the game (an example drawn from a three-player supply chain game).
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the lowest-possible cumulative cost for the manufacturer they played. The game was
played twice with a 20-min break in between to allow students discuss their game
strategies. After rewarding the winning teams and hosting a post-game discussion, the
instructor explained the game purpose and suggested appropriate tools and taught in class
to use to excel in the game. Homework was assigned afterwards. The instructor asked each
student to fill out a questionnaire before and after playing the game. Figure 7 depicts the
process employed for POM course. The estimated length of time required for each stage
within the process is provided.

IE course

For the IE course, the instructor also set the SIMPLE game to the ‘manufacturer mode’.
Every three or four students were grouped as a team and each team played as a
manufacturer. The game was played for 20 simulated weeks and each team was told to get
the lowest-possible cumulative cost for the manufacturer they played. Different from the
process designed for the POM course, we allowed students to get familiar with the game
operations before competing in class. Two weeks before the game competition, the
instructor explained the game’s logistics and designed a practice game for students to play
online. On the competition day, the instructor re-configured the game parameters to make
them different from the practice game. The game was played twice with a 20-min break in
between to allow students discuss their game strategies. After rewarding the winning teams
and hosting a post-game discussion, the instructor explained the game purpose and
suggested appropriate tools to use to excel in the game. Homework was assigned
afterwards. Each student was asked to fill out a questionnaire when the class ended. The
instructor evaluated the quality of the students’ learning by referring to their game costs
and their homework write-ups. Figure 8 describes the design of the process employed for
the IE course and Figure 9 shows a photo taken in the IE course when the game was being
played.

SCM course

The aim of the SCM course is to let students understand the relationship of supply chain
and to encourage cooperation. Therefore, the cooperation between all the roles in the
supply chain is emphasised. Each student is encouraged to help his or her teammates

Figure 7. The design of the process employed for the POM course.
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complete the lowest-possible cumulative cost. We adopted both the ‘supply chain mode’ of
the SIMPLE game and the web-based MIT Beer game (http://beergame.mit.edu/) in the
SCM course. The MIT Beer game is the first (and most famous) supply chain game and
has been adopted by many instructors when teaching supply chain management courses to
explain the bullwhip effect of the supply chain (Sterman, 1989). However, we found that
the data transmission speed of the current web-based MIT Beer game was extremely slow
and the game often went down (i.e. game server stopped responding) during play.
Therefore, we used a 3-h class period to let students play the web-based MIT Beer game
and used another 3-h class period (in the subsequent week) to let students play the
SIMPLE game. Both games were played for 25 simulated weeks. The instructor asked
each student to fill out a questionnaire after they had played the web-based MIT Beer
game and the SIMPLE game. The design of the process employed for the SCM course is
described in Figure 10.

Figure 8. The design of the process employed for the IE course.

Figure 9. Students worked in groups to play the SIMPLE game (IE course).
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Research methods

Participants

This study’s subjects consisted of 139 students: 115 undergraduates (82.73%) and 24
graduates (17.27%). These students were enrolled in one of the three decision-science
courses (i.e. POM, IE and SCM) in the Department of IE and Management at a research-
oriented university in Taiwan.

Research design

This study involved a two-semester intervention period (from early September, 2006 to the
end of June, 2007) during which students enrolled in one of the three decision-science
courses that used the SIMPLE game as a course requirement. The study collected data
from the participants by relying on a self-reporting instrument related to learning
motivation. Data analysis procedures consisted of descriptive statistics, multiple regression
and analysis of variance (ANOVA). These procedures underlie this study’s verification of
the relationships among the model’s variables.

Instruments

This study used several instrument, discussed here. (1) A demographic survey: participants
completed a demographic survey that included questions pertaining to their sex, academic
grades, hours of weekly Internet use, major Internet activities and hours of weekly study
for the course. (2) Learning-motivation survey: we selected the Motivated Strategies for
Learning Questionnaire (MSLQ) to measure students’ learning motivation. In particular,
we used the MSLQ to investigate college students’ motivational orientation and their use
of different learning strategies. MSLQ is a robust instrument and consists of three parts:
‘motivation’ scales, ‘cognitive and metacognitive strategies’ scales and ‘resource-
management strategies’ scales (Pintrich, Smith, Garcia, McKeachie, 1991). These scales
can be used together or individually for the assessment of participants’ learning motivation

Figure 10. The design of the process employed for the SCM course.
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(Pintrich et al., 1993). Becasue the main interest of this study was students’ learning
motivation, the motivation scales (intrinsic and extrinsic goal orientation, task value,
control beliefs about learning, self-efficacy and test anxiety) of MSLQ were selected.
Moreover, we considered the adoption of the SIMPLE game as part of the teaching
resources; the four variables (peer learning, time and study-environment management,
effort regulation and help-seeking) of the ‘resource-management strategies’ scales are also
selected. A total of 10 variables were selected as the independent variables. Also, we
translated the English-language items into Chinese (the language that participants felt
most comfortable with). This questionnaire asked participants to rate their level of
agreement for each question item on a five-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree) (see Table 1 for dimensions and sample questions). (3) The
game-acceptance survey: several researchers have stated that instructional tools are
relevant to students’ motivation (Brophy, 1988; Bruner, 1960); in this regard, we made
sure that both the course content and related instructional tools were integral components
of the SIMPLE game and of related teaching strategies. The participants completed a
game-acceptance survey that revealed their perceptions of the SIMPLE game. In this
study, we used participants’ game acceptance as the dependent variable. (4) The survey on
learning-interest levels (Ajzen & Fishbein, 1980; Igbaria, Guimaraes, & Davis, 1995): we
used this survey to assess the learning-interest levels of the participants, because we
believed that intuitive views of motivation usually strengthen interests. Therefore,
learning-interest level could serve as an important aspect of motivation that causally
influences learning.

Table 1. Dimensions and sample questions from the MSLQ.

Dimension
No. of

questions Sample question

Intrinsic goal orientation 4 In a class like this, I prefer course material that really
challenges me so I can learn new things

Extrinsic goal
orientation

4 Getting a good grade in this class is the most satisfying
thing for me right now

Task value 6 I think I will be able to use what I learn in this course in
other courses

Control of learning
beliefs

4 If I study in appropriate ways, then I will be able to
learn the material in this course

Self-efficacy for learning
and performance

8 I believe I will receive an excellent grade in this class

Test anxiety 5 When I take a test, I think about how poorly I am doing
compared with other students

Time and study
environment

8 I usually study in a place where I can concentrate on my
course work

Effort regulation 4 I work hard to do well in this class even if I don’t like
what I am doing

Peer learning 3 When studying for this course, I often try to explain the
material to a classmate or a friend

Help seeking 4 I ask the instructor to clarify concepts I don’t
understand well

Total items ¼ 51.
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Results and data analysis

In the following sections, we discuss our data analysis and report the results in three main
categories. The first section concerns our t-test procedure regarding the relationships
among students’ backgrounds, students’ learning motivations and students’ acceptance of
the SIMPLE game. In the second section, we review this study’s multiple regression
analyses and report the statistical results concerning the students’ learning motivations
and the levels of students’ learning interest in these three courses. The third section
evaluates students’ learning outcomes by comparing the total scores generated in the
game. The mean score and the standard deviation of each dimension of the questionnaire
obtained from participants in the SCM, POM and IE courses are presented in Appendix
(Tables A1–A3).

Demographic description of the participants

In the three different courses, we asked participants to provide personal information
including their sex, age, major, grade level, time spent on the Internet and time spent
studying for the course. In order to understand the relationship between participants’
demographic attributes and their acceptance of the SIMPLE game, this study performed a
series of t-tests, ANOVA and subsequent comparisons. These results are summarised in
Table 2. It can be seen from Table 2 that, for the students in the POM course, game
acceptance was a function of hours spent on the Internet and of students’ grades in the
course; in the SCM course, game acceptance was a function of time spent in studying for
this course and the students’ academic grade; however, in the IE course, game acceptance
was only a function of the hours spent on the Internet. The post-class interview reveals a
noteworthy point regarding the SCM course: because all enrolled students were graduate
students and because some of them held jobs, these students usually spent less time on the
Internet. Therefore, the time spent on the Internet had a minor effect on their acceptance
of the games.

Relationships among learning motivation, participants’ game acceptance and the level of
course-related interest

We conducted multiple regression tests to estimate the strength attributable to learning-
motivation factors that may affect the students’ game acceptance in these three courses.
Using the stepwise regression procedure, the current study entered 11 learning-motivation
factors into the regression analysis.

Table 2. The relationships among hours spent on the Internet, time spent in studying for the
corresponding course, participants’ grade and their acceptance of the game.

Course

Time spent on
the Internet

Time spent in studying
for this course Students’ grade

t p-Value t p-Value t p-Value

POM 70.132 0.048** 70.006 0.925 0.169 0.011**
SCM 70.063 0.418 0.262 0.001*** 0.265 0.001***
IIE 70.125 0.044** 70.267 0.180 0.431 0.292

**p 5 0.05, ***p 5 0.01.
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In the POM course, as shown in Table 3, the task value had a positive and significant
effect on students’ acceptance of the SIMPLE game (R2 ¼ 0.485). In addition, from
Table 4, the degree of students’ acceptance of the SIMPLE game had a positive effect on
students’ interest in the course (R2 ¼ 0.284). Among the 10 variables of learning
motivation, only one variable (task value) entered the final regression model as a predictor
of students’ learning interest in the POM course.

In the SCM course, as shown in Table 5, only peer learning had a positive and
significant effect on students’ acceptance of the SIMPLE game (R2 ¼ 0.235). Table 6
shows that, in addition, the degree of students’ acceptance of the SIMPLE game had a
positive effect on students’ interest in the course (R2 ¼ 0.188). That is, among the 10
variables of learning motivation, only one variable (peer learning) entered the final
regression model as a predictor of students’ learning interest in the SCM course. Because
in the ‘supply chain mode’, a group of students role-plays one of the key characters in a
supply chain (i.e. supplier, manufacturer, distributor and retailer), each key character in a
group must closely cooperate with every other character in that group to reduce the overall
cost of the supply chain. Therefore, the different approaches to integrating the SIMPLE
game may result in different learning-motivation levels.

Table 3. Summary of regression analysis for learning motivation predicting students’ game
acceptance (POM course).

Variable

Game acceptance

b t p-value

3.440 0.001
Intrinsic goal orientation 0.044 0.365 0.716
Extrinsic goal orientation 70.087 70.788 0.433
Task value 0.236 2.244 0.027**
Control of learning beliefs 0.089 0.782 0.436
Self-efficacy for learning and performance 70.076 70.602 0.549
Test anxiety 0.164 1.510 0.135
Time and study environment 0.067 0.527 0.600
Effort regulation 0.027 0.242 0.809
Peer learning 70.139 71.015 0.313
Help seeking 0.068 0.524 0.602
R2 0.485

**p 5 0.05.

Table 4. Summary of regression analysis concerning the relationship between game acceptance and
students’ learning interest in the course (POM course).

Variable

The degree of the SIMPLE game in triggering learning interests

b t p

11.519 0.000
Acceptance of the
SIMPLE game

0.284 4.419 0.000***

R2 0.284

***p 5 0.01.
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Two weeks before the integration of the SIMPLE game into the IE course, the
instructor engaged the students to work in teams, using the ‘manufacturer mode’, which
was originally designed for an individual-learning situation. Meanwhile, two important
steps took place: the instructor allowed students to access the game’s content and assigned
one teaching assistant to guide students’ Internet-based group discussions; these two steps
mean that students had more time to collaboratively work on the project outside the class.
The results of the regression analysis confirm that task value and peer learning had a
positive and significant effect on students’ acceptance of the SIMPLE game (R2 ¼ 0.21),
whereas other learning-motivation variables failed to contribute to students’ game
acceptance (as illustrated in Table 7). Moreover, the regression analysis shows that
students’ game acceptance had a positive and significant effect on students’ learning
interests triggered by the SIMPLE game (R2 ¼ 0.170), as shown in Table 8.

Lastly, the current study performed a t-test to identify the mean difference between the
total cost generated by students in the IE course and the best-known solution and the
corresponding mean difference generated by students in the POM course. A significant
difference was found (t(8, 10) ¼ 5.479, 9.371, p 5 0.05) insofar as the students in the IE
course outperformed the students in the POM course. Table 9 shows a comparison of the
total cost generated in the same ‘manufacturer mode’ in the POM course and the IE

Table 5. Summary of learning-motivation regression analysis regarding predictions of students’
game acceptance (SCM course).

Variable

Game acceptance

b t p-Value

2.756 0.008
Intrinsic goal orientation 70.036 70.250 0.804
Extrinsic goal orientation 70.054 70.433 0.667
Task value 0.121 0.885 0.380
Control of learning beliefs 0.120 0.974 0.347
Self-efficacy for learning and performance 70.148 70.981 0.331
Test anxiety 0.038 0.303 0.763
Time and study environment 0.139 0.982 0.330
Effort regulation 70.027 70.221 0.826
Peer learning 0.329 2.522 0.014**
Help seeking 0.199 1.568 0.122
R2 0.235

**p 5 0.05.

Table 6. Summary of regression analysis concerning the relationship between game acceptance and
students’ learning interest in the course (SCM course).

Variable

The degree of the SIMPLE game’s triggering of interests

b t p

8.515 0.000
Game acceptance 0.188 2.463 0.015**
R2 0.188

**p 5 0.05.
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course. For students’ in the IE course, the difference between their average score (1922)
and the best-known solution (1064) is 858, whereas for the students’ in the POM course,
the difference between their average score (1812) and the best-known solution (730) is
1082. It is apparent that the average scores of the IE course’s student groups were closer to
the best possible scores than were the average scores of the POM course’s student groups.
Meanwhile, after reviewing the reports written by each group, we found that during the
groups’ report-writing period, students in the IE course still used the game, continued to
experiment with different strategies for better game scores, and demonstrated a greater
understanding of and better uses of related management theories. Regarding the POM
course, however, we found that only very few students either actively used the SIMPLE
game or used related theories.

We summarised the results of the above analyses in Table 10. The results show that an
appropriate approach to adopting the SIMPLE game, combined with appropriate

Table 7. Summary of learning-motivation regression analysis regarding predictions of students’
game acceptance (IIE course).

Variable

Game acceptance

b t p

9.425 0.000
Task value 0.158 2.266 0.025**
Peer learning 0.235 3.375 0.001***
R2 0.212

**p 5 0.05, ***p 5 0.01.

Table 8. Summary of regression analysis concerning the relationship between game acceptance and
students’ learning interest in the course (IIE course).

Variable

The degree of the SIMPLE game’s triggering of interests

b t p

18.056 0.00
Game acceptance 0.086 2.004 0.046**
R2 0.170

**p 5 0.05.

Table 9. A comparison of the total cost generated in the same manufacturer model (the POM
course and the IIE course).

Course
Minimum

cost
Maximum

cost
Average
cost

Standard
deviation

Best-known
solution

The difference of the
(average cost) minus
the (best-known

solution)

POM 1306 2370 1812 346 730 1082
IIE 1269 2333 1922 519 1064 858
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teaching strategies, can create an effective learning environment for better peer interaction,
for better learning motivation and for better course-directed learning interest.

Conclusions and discussions

This section discusses, in detail, the educational implications derived from the
interpretations of the study results, the limitations of the study and recommendations
for future studies.

There are many simulation games (Elgood, 1997; Graham & Gray, 1969) in the
business-administration and production-management fields, and these games have
proven to be effective teaching aids because they enhance teaching and students’
learning interest (Alessi & Trollip, 1985; Martocchio & Webster, 1992; Quinn, 1996).
Some studies focus on the research and development of instructional games (Lewis &
Maylor, 2007), but very few deeply and rigorously address effective strategies for the
integration of games into courses. In this study, we present a conceptual framework for
linking pedagogy and the SIMPLE game, whose flexible web-based learning environ-
ment helps instructors integrate industrial-management contents into their teaching
practices. The results show that the two modes of the SIMPLE game (the manufacturer
mode and the supply chain mode) are easily adaptable to and usable throughout the
decision-science courses.

According to the post-game survey, students’ learning motivation affected their
acceptance of the SIMPLE game, whereas their acceptance attitudes certainly resulted in
stronger course-directed learning interests. However, the levels of students’ acceptance
varied, owing to the students’ different backgrounds (e.g. undergraduates and graduates)
or to the design of the game; for example, in the POM course, all the students were
undergraduates who highly valued the contents and the tasks provided by the SIMPLE
game, whereas the students’ high task values reflected the students’ high acceptance of the
game. The students desired to play the game ‘one more time’ in order to improve their
scores – that is, in order to reduce production costs even further. However, the students
mentioned that an orientation or user manual would have been beneficial, because these
two supportive materials could have helped students familiarise themselves with the game
settings.

In the SCM course, students’ learning motivation came from peer learning: the
learning tasks required that each student play the role of a character in the supply-chain
process and each character needed to cooperate with every other character to reduce the
production cost. It is worth noting that, in this regard, students had intense discussions
with one another during the competition break time.

Taking the lessons learned from the design principles and from the above two courses,
we responded to the third course, the IE, on the basis of some new strategies, such as
presentation of a game orientation, promotion of group-related student activities and

Table 10. A summary of the significant levels found in the three courses (task value and peer
learning to game acceptance).

Course Task value Peer learning

POM � 7

SCM 7 �
IIE � �
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greater outside-class student practice time. Two weeks before the competition day,
students began to use emails or instant messenger (e.g. MSN) to post questions about
game strategy, and students even reported technical difficulties (such as shutdowns of the
SIMPLE game server while the students wanted to practice the game). On the competition
day, before the competition, during the break time and after the competition, all the
students engaged in very intense interactions with their peers. In addition, students asked
the instructor aggressively after the class about the SIMPLE game design and about
business-administration strategy in the real world – these occurrences constitute proof of
the students’ interest in the SIMPLE game. In the end, these students – because they
demonstrated higher task values and a more adequate sense of team-work than did the
students from the other two courses – exhibited higher game acceptance and higher
course-directed learning interest than did the students from the other two courses. These
findings are consistent with other studies (Pivec, Dziabenko, & Schinnerl, 2003; Timo &
Sami, 2006), according to which challenging games that unfold in cooperative learning
environments are effective teaching aids: they raise students’ learning motivation. The
findings have also proved the effectiveness of the SIMPLE game.

Therefore, the integration of games into courses can be a fruitful practice;
however, as the findings show, differences between a course’s integration planning and
another course’s integration planning account for differences between the learning
interest of a course’s students and the learning interest of another course’s students.
For example, in this study, when the planning enabled students to register, login and
freely practice the game, they could explore independently the decision-making
characteristics of the manufacturer and the enterprises in the supply chain. The
findings show, also, that a game’s flexible setting enables instructors to fine tune
different simulation situations. Besides competition, adequate pedagogical supports,
such as encouragement, greatly help students to develop their autonomy and to retain
their learning interest.

This study presents the lessons learnt during the implementation of the SIMPLE game.
The study’s goal is to contribute useful instructional and pedagogical guidelines to future
researchers and instructors who use web-based games to enhance students’ learning
motivation and outcomes.

The SIMPLE game constitutes a flexible platform currently available to the public
for free; hence, we believe that this website can serve as a starting point from which
researchers and educators can adopt for the purposes of research and teaching in
decision-science knowledge and strategies. Also, the website can be a great idea-
exchanging channel where users can find different solutions to problems concerning
production, logistics and SCM. Currently, the SIMPLE game has a Chinese-language
mode and an English-language mode; in the future, universities in various cultures and
in various nations could use the game so that researchers could more rigorously analyse
the differences that arise in these multi-cultural contexts. In addition, the SIMPLE game
has a database that retains information about themes such as players’ online-connection
times, players’ weekly purchases and players’ weekly inventory; therefore, in the future,
researchers can further analyse students’ decision-making behaviours and the relation-
ships between students who use the game in the class and students who use the game
outside of class.

Acknowledgement

This study was supported by the National Science Council (NSC) of the Republic of China
(Taiwan), under grant numbers NSC-94-2516-S-009-001 and NSC-95-2516-S-009-001.

336 Y.C. Chang et al.

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 2

3:
02

 2
4 

A
pr

il 
20

14
 



Notes on contributors

Yung-Chia Chang is Professor of the Department of Industrial Engineering and Management at
National Chiao Tung University in Taiwan. Her research interests are in the field of Supply Chain
Management, Production Scheduling and Quality Management.

Hsinyi Peng is a research fellow of the Institute of Education at the National Chiao Tung University
in Taiwan. Her research interests centre around the design and development of online learning
environments for meaningful technology integration into various educational settings, particularly in
the teacher–education contexts.

Hui-Cheng Chao is a PhD student of the Department of Industrial Engineering and Management at
National Chiao Tung University in Taiwan. His research interests include game-based learning and
the use and development of simulation technologies to enhance learning.

References

Ajzen, I., & Fishbein, M. (1980). Understanding attitudes and predicting social behaviour. New Jersey:
Prentice-Hall.

Alessi, S.M., & Trollip, S.R. (1985). Computer-based instruction: Methods and development.
New Jersey: Prentice-Hall.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. New Jersey:
Prentice-Hall.

Brophy, J. (1988). Educating teachers about managing classrooms and students. Teaching and
Teacher Education, 4(1), 1–18.

Bruner, J.S. (1960). The process of education. Cambridge: Harvard University Press.
Chang, Y.C., Chen, W.C., Yang, Y.N., Chao, H.C., Lan, K.W., & Jittamai, P. (2007). The construc-

tion of a web-based production and logistics management game. In Proceedings of the BAI 2007
International Conference on Business and Information: Vol. 4, [CD-ROM]. Tokyo, Japan.

Dart, B.C. (1994). A goal-mediational model of personal and environmental influences on tertiary
students’ learning strategy use. Higher Education, 28(4), 453–470.

Dempsey, J.V., Lucassen, B., Haynes, L., & Casey, M. (1996). Instructional applications of computer
games. (Rep. No. ED394500). University of South Alabama.

Elgood, C. (1997). Handbook of management games and simulation (6th ed.). Aldershot: Gower
Publishing.

Gallois, R. (2001). Men, play and games. Urbana: University of Illinois Press.
Garris, R., Ahler, R., & Driskell, J.E. (2002). Games, motivation, and learning: A research and

practice model. Simulation and Gaming, 33, 441–467.
Graham, R.G., & Gray, C.F. (1969). Business games handbook. American Management Association.
Hemmasi, M., & Graf, L.A. (1992). Managerial skills acquisition: A case for using business policy

simulations. Simulation and Gaming, 23(3), 298–310.
Igbaria, M., Guimaraes, T., & Davis, G.B. (1995). Testing the determinants of microcomputer usage

via a structural equation model. Journal of Management Information Systems, 11(4), 87–114.
Johnson, D.W., & Johnson, R.T. (1978). Cooperative, competitive, and individualistic learning.

Journal of Research and Development in Education, 12(1), 3–15.
Johnson, D.W., & Johnson, R.T. (1987). Learning together and alone: Cooperative, competitive, and

individualistic learning. New Jersey: Prentice-Hall.
Johnson, R.T., & De Felix, W. (1993). Learning from video games. Computer in the Schools, 9,

199–233.
Lewis, M.A., & Maylor, H.R. (2007). Game playing and operations management education.

International Journal of Production Economics, 105, 134–149.
Malone, T.W. (1981). Toward a theory in intrinsically motivating instruction. Cognitive Science, 4,

333–369.
Martocchio, J.J., &Webster, J. (1992). Effect of feedback and cognitive playfulness on performance in

microcomputer software training. Personnel Psychology, 45, 553–578.
Mayer, R.E., Mautone, P., & Prothero, W. (2002). Pictorial aids for learning by doing in a multimedia

geology simulation game. Journal of Educational Psychology, 94, 171–185.
O’Donnell, A.M., Dansereau, D.F., & Hall, R.H. (1987). Cognitive, social/affective, and

metacognitive outcomes of scripted cooperative learning. Journal of Educational Psychology,
79(4), 431–437.

Interactive Learning Environments 337

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 2

3:
02

 2
4 

A
pr

il 
20

14
 



O’Donnell, A.M., Dansereau, D.F., Rocklin, T.R., Hythecker, V.I., Lambiotte, J.G., Larson, C.O.,
et al. (1985). Effects of elaboration frequency on cooperative learning. Journal of Education
Psychological, 77(5), 572–580.

Paulsen, M.B., & Gentry, J.A. (1995). Motivation learning strategies and academic performance: A
study of the college finance classroom. Financial Practice and Education, 5(1), 78–89.

Petranek, C.F., Corey, S., & Black, R. (1992). Three levels of learning in simulations: Participating,
debriefing, and journal writing. Simulation and Gaming, 23(2), 174–185.

Piccoli, G., Ahmad, R., & Ives, B. (2001). Web-based virtual learning environments: A research
framework and a preliminary assessment of effectiveness in basic IT skills training. Management
Information Systems Quarterly, 25(4), 401–426.

Pintrich, P.R., Smith, D.A.F., Garcia, T., & Mckeachie, W.J. (1991). A manual for the use of the
motivated strategies for learning questionnaire (MSLQ). Ann Arbor, MI: National Center for
Research to Improve Post-secondary Teaching and Learning.

Pintrich, P.R., Smith, D.A.F., Garcia, T., & McKeachie, W.J. (1993). Reliability and predictive
validity of the Motivated Strategies for Learning Questionnaire (MSLQ). Educational and
Psychological Measurement, 53, 801–813.

Pintrich, P.R., & Schunk, D.H. (1996). Motivation in education: Theory, research, and applications.
New Jersey: Prentice Hall.

Pivec, M., Dziabenko, O., & Schinnerl, I. (2003). Aspects of game-based learning. In The Third
International Conference on Knowledge Management (pp. 216–225), Graz, Austria.

Quinn, C.N. (1996). Designing an instructional game: Reflections on quest for independence.
Education and Information Technologies, 1(3,4), 251–269.

Randel, J.M., Morris, B.A., Wetzel, C.D., & Whitehill, B.V. (1992). The effectiveness of
games for educational purpose: A review of recent research. Simulation and Gaming, 23(3),
261–275.

Rieber, L.P. (1996). Seriously considering play: Designing interactive learning environments based
on the blending of microworlds, simulations, and games. Education Technology Research and
Development, 44(2), 43–58.

Schiefele, U. (1991). Interest, learning, and motivation. Education Psychologist, 26, 299–323.
Slavin, R. (1983). Cooperative learning. New York: Longman.
Slavin, R.E. (1995). Cooperative learning: Research and practice (2nd ed.). Boston: Allyn and Bacon.
Sterman, J.D. (1989). Modeling managerial behavior: Misperceptions of feedback in a dynamic

decision making experiment. Management Science, 35(3), 321–329.
Timo, L., & Sami, N. (2006). Applying an authentic, dynamic learning environment in real world

business. Computers and Education, 46(7), 94–115.
Tuckman, B.W. (1992). The effect of student planning and self-competence on self-motivated

performance. Journal of Experimental Education, 60, 119–127.
Wiegmann, D.A. (1992). Cooperative learning: Effects of role playing and ability on performance.

Journal of Experimental Education, 60(2), 109–116.
Zimmerman, B.J., & Martinz-Pons, M. (1990). Student differences in self-regulated learning:

Relating grade, sex, and giftedness to self-efficacy and strategy use. Journal of Educational
Psychology, 82, 51–59.

338 Y.C. Chang et al.

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 2

3:
02

 2
4 

A
pr

il 
20

14
 



Appendix

Table A2. Students’ scores regarding the MSLQ in the SCM course.

Dimension Mean Standard deviation

Intrinsic goal orientation 3.93 0.78
Extrinsic goal orientation 3.46 0.83
Task value 4.15 0.68
Control of learning beliefs 3.12 1.06
Self-efficacy for learning and performance 3.44 0.79
Test anxiety 3.39 1.01
Time and study environment 3.65 0.93
Effort regulation 3.50 1.04
Peer learning 3.51 1.03
Help seeking 3.69 0.94
Game acceptance 4.10 0.73
The game’s triggering of interest 4.00 0.95
The SIMPLE game user interface design 3.80 0.73
The web-based MIT Beer game user interface design 1.73 0.20

Total number of subjects: 24.

Table A3. Students’ scores regarding the MSLQ in the IE course.

Dimension Mean Standard deviation

Task value 3.60 0.60
Peer learning 3.30 0.90
Game acceptance 3.80 0.60
The game’s triggering of interest 3.40 0.80
The SIMPLE game user interface design 3.50 0.70

Total number of subjects: 68.

Table A1. Students’ scores regarding the MSLQ in the POM course.

Dimension Mean Standard deviation

Intrinsic goal orientation 3.78 0.66
Extrinsic goal orientation 3.48 0.91
Task value 3.84 0.71
Control of learning beliefs 3.46 0.93
Self-efficacy for learning and performance 3.34 0.79
Test anxiety 3.01 0.93
Time and study environment 3.43 0.77
Effort regulation 3.73 0.87
Peer learning 3.47 0.83
Help seeking 3.37 0.94
Game acceptance 3.79 0.77
The triggering of interest by the game 3.95 0.90
The SIMPLE game user interface design 3.87 0.82

Total number of subjects: 32.
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