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Abstract

As ingtructors continue developing and mixing useful learning tools for their classrooms, games have
become one of the popular alternatives in b-school education. This paper explains an inventory
smulation game, evauation of student's learning from playing the game and results. An effective game
hel ps students understand concepts more quickly and remember them better than from only a faculty led
lecture.

The game used here is a smulation of an inventory system, where student teams place orders for an
item (Cricket Bat) on a monthly basis from manufacturer (based on limited knowledge of prior demand),
update total stock adding new order item in opening stock at start of the month and then the instructor
informs them what the demand/sale is for that month. There are holding costs for items not sold and
shortage codts if they run out of items. The students then place their order for the next month. The game
continues for 12 months. To evauate student learning before-and-after questionnaire method was used.
It allowed for an initial benchmark to be established, followed by a measure of how much students
improved. For the questionnaire, answers were scored and compared between before game and after
game to assess learning.

Most results point to the conclusion that students learned from the game. Basic inventory knowledge
increased, students gained an appreciation for the complexity of inventory issues and of decision making
in genera and students enjoyed the game and thought it was a worthwhile learning experience. It was
evident that many students grasped the larger strategic issues and were beginning to apply them more
broadly. Although not al changes were satigticaly significant, most did improve, suggesting that sudents
developed a deeper hands-on understanding of the issues. The current study is confirmatory in the
genera use of smulation games, athough it adds to existing literature in that little exists on operations
management games and their assessment.
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Introduction

Games become more useful pedagogical tools today. IT infrastructure for developing and them and
implementing them in the classroom has helped in adopting game as learning tool. Many ingtructors are
using one or more games to enhance delivery of their courses, and successful games have been
disseminated to others through various mediums. For example, Heineke & Meile (1995) developed an
entire book devoted to games and exercises for teaching concepts in operations management. Although
it is clear that sudents generdly enjoy in-class games, it is at times unclear if learning occurs during these
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exercises. It is difficult to separate learning that occurs during games from other forms of learning (e.g.,
lecture, reading the text, analyzing case studies, working on practica problems). Even if thisis possible,
there may not be class time available to carry out the assessment.

This study addresses both of these challenges in an experiment conducted in first year MBA class,
considering learning outcomes from an inventory simulation game that was developed in 1996 at the
University of Calgary modified in local product context. As the game has been disseminated over the
years, it has been used at quite a number of B-schools in the introductory operations management class.
Student progress can be tracked through computer or manua entry table which can be entered in
computer later for analysis. Students are forced to understand and make rational decisions regarding a
number of opposing aspects through time. Games of this type (simulation) can be used in various
disciplines and topics and thus the results from this study should be generalized to other situations. The
success of the game is based on positive student response to the exercise in terms of the deeper
understanding they have of the complexity of decison-making and due to their enjoyment of it. It builds
a context to teach Inventory management topic after the game has been played. The overal goal wasto
determine if the students achieved a better understanding of inventory management in general, and/or a
better understanding of specific topics (e.g., how to make calculations and take decisions as Manager).
When game is used in conjunction with other teaching including lecture and case study, it was evident
that understanding of overall issue improved.

In a broad sense, the use of games as part of the educationa environment fits into the philosophy of
active learning and constructivism. In order to promote a deeper understanding of material, students
ought to be engaged with what they are doing. Student-centered model of teaching through involving
students as active participants results in a postive learning experience. Students of MBA program will be
required to demonstrate their capability as manager during their study, cross functional subjects, and
during their future employment. Learning is enhanced if students make decisions and then need to
respond to the consequences of each decision. This habit helps students in their future assignments to
make decision with more confidence. These exercises developed their abilities to solve problems
systemattically, perform forecasts in uncertain environments, and develop their team working abilities and
to measure objectives.

This paper explains the inventory game used, review the methodology used (including development of
the instruments) for evaluation and assessment, and report on results from the assessment.

Description of the Inventory Game

This inventory game is a simulation of a sporting goods retailer who needs to make appropriate
ordering decisions for one type of cricket bat. Specificaly, students decide when and how many cricket
bat to order every month for an entire year. The game takes between 20 and 40 minutes of class time
and was developed to:

e enhance learning

e experience for an enjoyable learning

e familiarize students with basic inventory concepts
e give students a chance to test their intuition

SIBM, PUNE 2011 47



SAMVAD

e demonstrate to students how frustrating it can be to make decisions under uncertainty

e familiarize with challenges that managers or owners faces in real business world and their
dilemmas

To play the game in class, students are divided into groups of 6-8 members each and are given the
instructions. They are aso provided with a worksheet to track their inventory levels through time. To
start, opening stock is set as Zero and students determine their order quantity for the first month. Once
all groups have reported their orders and the instructor has entered these on a spreadsheet (which is
projected for the class through computer or writes on the board), the instructor informs students what
the demand actualy is for that month (pre-determined randomly, given the parameters). All teams
calculate profit (or loss) for the month, after which groups plan their order for the next month.
Throughout the game students and teams are not aware about profit to date of other teams and at the
end of the game students compare their total profit to the maximum total that other team. They can also
compare their profit with maximum profit have been achieved if they had known demand in advance.

There could be many modified versions of the game used in the class to learn many other concepts
related to inventory management, forecasting, marketing-operations interface etc.

The Assessment |nstruments

Developing effective assessment instruments proved to be a chalenging task for a number of reasons.
It was desirable to separate learning as a result of the game from the learning gained as a result of other
pedagogical techniques used to teach this topic. Since the game is relatively short and is followed by
lecture and case study analysis on the same topic, it would not work to simply test them at the end of
the material. It was desirable to determine students understanding before playing the game in order to
compare it to knowledge after the game. Thus, it was undesirable to smply have atest a the end. In
order to get accurate readings on relative before and after performance, it is best if the "before” results
for each student can be compared to the "after” results for the same student. However, this may require
knowing which student supplied which answers and which students had read the chapter materials (to
see how much exposure they had to the content before the game). Students might be reluctant to give
this information in the fear that it may be used for grading purposes. The game aready uses a fair
amount of class time; extra assessment activities will require even more of this scarce resource.

For evaluation of learning first questionnaire was given, the game was played, and the second
guestionnaire was given after the lecture session and case study analysis is completed. The questions
were purposely very smple as it was assumed that students had never had any teaching on inventory
management. On a Side note, it was an interesting and somewhat unnerving experience for the students
to do a "test" without having been taught anything about the material (they had read chapter from
reference book and also case study prior to the class.)

First question on questionnaire was an attempt to understand if students understood the purpose of
inventory management (the big picture) either before or after the game was played. Next Question tested
whether they understood basic inventory concepts, particularly the concepts of stock remaining from a
prior period, and running out of stock. This question was identical on the second questionnaire except
different numbers were used. The third question tested students regarding relevant costs in an inventory
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ordering decision. The fourth question was included to see if the understanding of complex business
decisions made under uncertainty was enhanced through this exercise. The first questionnaire also asked
if they had read the chapter or case study before the game, the assumption being that students that had
read the material would have a better understanding. If so, this could be removed as a confounding
factor. The second questionnaire had two additional questions, asking if the students thought it was a
worthwhile experience (testing to see if they enjoyed it) and asking an open-ended question about the
most important thing they learned from the game (to check broader understanding).

Students initialy tend to think they should order every month (very little thinking initially about the
balance between ordering costs and holding costs, not redlizing that ordering costs are relatively high for
small orders). The experiment was carried out in three different classes where more than 170 students
attended their respective class. However total 152 students completed both questionnaires. Team's final
profitability score is compared among all teams in the class. Top scoring and lowest scoring teams
presented strategies they adopted from start till end and how they could achieve results.

Results

Questionnaires

Overdl, the questionnaires revedled that students had a better understanding of inventory management
Issues after the game than before. For the first three questions the alternative hypothesis tested was
whether students improved; whether they answered more accurately after the game. These three
guestions could potentialy be treated as qualitative data, comparing the proportion correct after the
game to the proportion correct before. However, once they are scored, it is equally valid to perform a
quantitative analyss. Table 1 gives results for the first three questions. Microsoft Excel was used for al
data manipulation.

Table 1 Result of before and after questionnaire for questions 1-3

Sr. No. Potentid Points Responses in Before Responses in
(153 students) gamequestionnaireA Class questionnaire B
306 269 269
153 6 8
765 420 507

First, recall that students were not taught anything about inventory management before these
questionnaires, thus, scores would be expected to be low, especidly before the game. However most of
the students have either read book chapter or case study or both. Students also reported not reading the
Inventory chapter or other material before the class. This was not unexpected, since this class met every
week and there were many assignments they need to complete in other subjects during the week,
reducing their opportunity to read the reference book or case study. The instructions for the game go
over a few inventory concepts, but these are directly related to the game; they are not generalized.
Questions 2 and 3 show strong evidence that there was improvement after the game. However,
Question 1 gives no evidence of improvement in total (however few student's responses qualitatively
improved in question 1). Since students have read reference book material and case study, they gained
knowledge about purpose of inventory management.

In question no. 2 very few students could give correct answer before or after game, one possible
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confusing factor may be order is considered as available stock.

Questions 4 and 5 use ranked (or ordinal) data. Question 4 asked how difficult students feel
inventory decisions are. It was included to see how students perceive the complexity of inventory-related
decisions. It is felt this may also be an indication of their before and after understanding of business
decisons in generd; students may under-estimate the complexity of decisonsin the real world. Since we
have matched pairs, the sign test is most appropriate for this data, using the aternative hypothess that
students will feel it is more difficult after the game. The sign test is made possible by coding the
responses from 1 to 5, with "very easy" being labeled 1 and "very difficult” being 5. Results are
summarized in below table.

Table 2 Result of before and after questionnaire for question 4

Quedtion 4 Number Before Number After
Vey easy 1 2
Easy 2 2
Moderate 32 40
Difficult 104 77
Vay Difficult 13 29
1207
1001 =
a0 11 B Very aasy
W Easy
g0t O] M rate
401" E — [ DMl cult
20 W ery Difficult |
a-
Mumber Before Mumber After

The sign test reveds a significant change, with overwhelming evidence that students felt that inventory
management was more complex after the game than they did before.

Question 5 (only on the second questionnaire) asked if the game was worthwhile, to get an indication
whether students enjoyed and felt they learned from the game. As can be seen in Table 3, the vast
majority felt the game was a very worthwhile learning experience.

Table 3 Result of before and after questionnaire for questions 4

Quedtion 5 Number After %

Not at al 1 1%
Somewhat 3 2%
Moderately 29 18%
Very Much 120 79%
Totd 153
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In their responses to Question 6 (an open-ended question asking about the most important thing
learned from the game), a few students mentioned very game-specific learning where as many students
mentioned generalized concepts of inventory management. However, most students understood the wider
applicability. A number of students pointed to the difficulty of predicting demand and some pointed to
the need for analysis when making decisions (instead of just guessing). Others mentioned the importance
of focusing on the long-term results, which is likely due to the fact that many groups start out with little
profit or even losses at the beginning of the game, but by the end, al made a profit. There were many
interesting responses in this question including less stock is not aways profitable, set a profit target and
then order etc.

Discussion and Concluding Remarks

All results (except one) point to the conclusion that students learned from the game. Basic inventory
knowledge was tested in the first 3 questions on the questionnaire. Two of these showed significant
improvement; one showed no improvement. However, these 3 questions may be less important than the
rest of the results, as the rest tested on a more general, conceptual level. Question 4 showed that
students gained an appreciation for the complexity of the issues and of decision making in general.
Question 5 responses showed that students enjoyed the game and thought it was a worthwhile learning
experience. Question 6 demonstrated that many students grasped the larger strategic issues and were
beginning to apply them more broadly.

This demonstrates a deeper hands-on understanding of the issues necessary to do well in the game.
Thus, this study has confirmed prior research that games are effective in enhancing learning. This study
raises the interesting question of how to assess learning from a particular pedagogical technique or a mix
of pedagogica techniques.

If time is available, we can assess learning from a particular pedagogica technique through before and
after questionnaire by playing game twice in the same class, thus ensuring that no learning from other
source occurs in between.

Similar studies by Kenneth J Klassen and Keith A Willoughby (2003) and research illustrates that
students are more likely to remember the educational materia learned from games than from a typical
lecture. This may be the strongest reason to use games in the classroom. Besides this, students are likely
to develop positive feelings toward a course in which games are used, thus improving the chance of
paying attention and learning even during other class sessions. A possible drawback to in-class gamesis
the time taken. In genera, less material can be covered if a game is used.

Now considering the inventory game itself, this game meets al the goals mentioned earlier with the
possible exception of one. Students gain specific and general conceptual knowledge about inventory,
often realizing these through doing instead of by being told. They generate their own data by choosing
the size and timing of orders, and the game has smple materids for students use. The goal that may not
be met is that it may not be low stress. Students work hard to make the correct decisions, some even
using calculators to try and make better decisons. However, this turns out to be a good team exercise,
where members need to rely on others to gain understanding. It is complex enough that few can grasp
al decision factors on their own.
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In fact, it may be desirable to develop games that can be completed in very short periods of time -
a concept taught in 5 minutes may be the same as one taught in 20 minutes. Granted, there may be
vaue in working on something over alonger period of time, but in any case, this may be an opportunity
for future research.

In conclusion, smulation games provide good learning experiences because students make decisions,
see the results of those decisions, and then need to make further decisions based on those results.
Results are based on individual decisions as well as on the accumulation of al their decisions. Most
simulations involve uncertainty; thus, they are useful tools to acquaint students with this aspect of
decison-making.
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