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Abstract. Business administration and industrial engineering expect their 
students to understand a lot of theories and technique and to be able to utilize 
their acquired knowledge in the workplace after entering business. However, 
the current educational system prevents these expectations from becoming a 
reality. The purpose of this research is designed to develop an educational 
simulator that teaches theories and methods and changes the effects and results 
generated by business decisions according to the degree of understanding. To 
confirm the validity, the developed simulator is tested against students to 
confirm its efficiency. 
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1   Introduction 

To survive the competition, manufactures are recently required to satisfy the diversified 
demands of consumers while inventory reduction and cutting their lead time at the same 
time. Business administration and industrial engineering offer a solution to this problem 
[7]. Production control is one theme of business administration and industrial 
engineering. In relation to production control, universities expect their students to 
understand inventory control systems and demand forecasting methods and to be able to 
utilize their acquired knowledge in the workplace after entering business. However, the 
current educational system prevents these expectations from becoming a reality because 
it is impossible to indicate cases where learned theories and methods are utilized as 
corporate activities. In addition, there is the problem that the individual instruction of 
theories and methods, which are related to each other, prevents learners from applying 
them to actual problems. 

A learning method through an enterprise simulator serves to narrow the gap 
between education and business [6] [7]. This provides the learning effects of (a) 
quasi-experiences of corporate management, (b) training for cooperating with others, 
and (c) training for solving problems, etc. However, there is a problem where 
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decision-making becomes more dependent on hunch, and the reasons for success and 
the effects generated from the flow of corporate activities and business decisions are 
ignored through the learning process, although there are no issues if the decisions 
bring positive results. The learning method through the enterprise simulator 
essentially makes business decisions using learned theories and methods and analyzes 
the results and activities of competitors for subsequent decision-making. 

This research is designed to develop an educational simulator that teaches theories 
and methods and changes the effects and results generated by business decisions 
according to the degree of understanding. The developed simulator is tested against 
students to confirm its efficiency. 

2   Overview and Features of Educational Simulator 

The simulation consists of suppliers, makers, distributors, retail store and markets 
(Fig. 1). Users join the simulation as makers and compete with three competitors (four 
makers in total) for market share. Competitors are automatically operated by the 
simulator. The makers purchase product parts from three suppliers. There are two 
markets. Each manufacturer produces two types of products that are delivered to ten 
retailers through one distributor and are offered in the market. 

The simulator has eight decision-making items that are done for 48 periods (Table 1). 
The decision-making process results in the output of market share, sales results,  
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Fig. 1. Fundamental frame of the simulator 
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Table 1. Decision making items 

Department DM Items
Supplier Planned procurement volume

Planned production volume
The number of employees
QC/IE Cost
Planned sales volume
Marketing cost
IT cost

Manufacturing

Sales

 

production results, and inventories for each period. In the simulation, learners have two 
target indicators: the reduction of the bullwhip effect and the achievement of targets for 
improvement. The bullwhip effect refers to the amplification effects generated from 
planning information upon its communication to other sections. For example, a small 
gap between supply and demand at the sales level is amplified accordingly as the 
information is communicated to makers and suppliers, which results in generating a 
huge gap in inventory. In the simulation, ideal figures are set for sales, product 
inventory, and procurement volumes for each period. Learners earn a higher reputation 
on the degree of understanding when the gap between the ideal figures and the actual 
figures is smaller. The achievement of targets for improvement refers to the four figures 
that learners are required to achieve through the simulation and includes reduction in 
inventory (initial value: 50%), reduction in opportunity loss (40%), cutting lead time 
(20%), and improvement in the accuracy of demand forecasting (20%), which are all 
adjusted according to the degree of understanding of the learners. 

These targets are achieved by improving the accuracy of decision-making through 
learning and utilizing related theories and methods. The following describes the 
theory and method related model for developing the simulator and the framework 
reflecting the results of the simulation according to the degree of understanding of the 
theories and methods. 

3   Developing the Theory and Method Related Model and Setting 
the Degree of Understanding 

For the relationship between decision-making items and theories and methods, a model 
was formulated to compel learners to study theories and methods efficiently and to 
improve the accuracy of their decision-making (Fig. 2). As a first step, theories and 
methods related to the decision-making items were selected. As for selected theories, 
input and output items were defined and connected with those of other theories. For 
instance, the planned order volume has a strong relationship with ordering methods and 
demand forecasting methods. In addition, it is clear that demand forecasting methods 
depend on the product life cycle. Like the above, the theories and methods related to 
decision-making are selected and the methods are connected. 

At the production level, the decision-making items include planned production 
volume, the number of employees and QC/IE cost. In determining the items, learners 
take into account demand forecasts, which are based on demand forecasting methods  
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Fig. 2. The relationship between decision-making items and theories and method 

at the distribution level and optimal order quantity, which is based on product 
inventory. In this case, it is also necessary to determine a schedule for production. 
Concretely, the production schedule is based on program evaluation review and 
technique (PERT) or job shop scheduling. They also determine a production method. 
The available production methods are the line production method, job shop production 
method, and the built to order (BTO)/assemble to order (ATO) methods. In addition, 
7QC tools, six sigma and motivation theory, etc., are provided for in the simulation. 

At the distribution level, theories such as demand forecasting methods, life cycle 
analysis, and marketing methods are provided to determine planned sales volume. 
Demand is forecast using the arithmetic average method, the moving average method, 
the exponential smoothing method, or the regression line method, the selection of 
which is subject to the period of decision-making. The demand forecast is related to 
the life cycle, which has an effect on the sales volume. Therefore, this provides 
theories and methods for forecasting demand and also permits learners to study the 
relationship of these methods with others. 

For procurement and product part inventory levels, theories and methods justifying 
planned production volume and planned procurement volume are taught. At first, part 
requirements are computed through material requirements planning (MRP). Entering 
planned production volume and delivery time of products results in the output of part 
requirements and the delivery time of parts. In addition, BMO is utilized for product 
information. The ordering method for product parts, which includes the fixed order 
quantity method and the fixed order period method, is determined based on ABC 
analysis. Furthermore, a safety stock of inventory can be calculated and reflected in 
order control. For each theory, data is entered separately, i.e., learners can study each 
theory and make decisions in consideration of the results of calculations.  

To teach the above theory and method related model efficiently, the time for 
providing theories and methods is subject to the period of the simulation (Fig. 3). For 
example, MRP and the scheduling method are provided during the fifth period as  
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Fig. 3. An example of theory expansion consonant with time expiration 

theories related to planned production volume. During the 15th period, the relationship 
between the ordering method, MRP, and the scheduling method is provided to learners, 
while strongly related theories and methods are suggested in the 25th period. This 
support, which is changed and strengthened step by step, allows learners to gradually 
study the theories and methods that help with decision-making, the relationship 
between the theories and methods, and the relationships between each decision-making 
item. This also leads to improvements in the accuracy of decision-making. 

Finally, the degree of understanding of these theories is reflected in the results of 
the simulation. Targets of the degree of understanding are the reduction of the 
bullwhip effect and the obtained share of sales. The former gradually decreases as it is 
recognized that the theories have been understood when an estimate, which is based 
on theories and methods for calculating sales volume, is close to the decision-making 
figure. The latter is dependent on the degree of understanding of the theories 
concerning the sales to advertising expenses ratio, favored rate of corporate image, 
and return on investment. 

4   The Simulator 

Learners use the Java based simulator on a PC. The administrator answers questions 
on the use of the simulator from users.  

On the page for entering business decisions, learners enter the planned production 
volume and the planned sales volume of products, the planned procurement volume of 
product parts, QC/IE cost, the number of employees, and information system expenses 
(Fig. 4). Planned production volume and planned sales volume are entered for two  
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Fig. 4. Decision making screen of the simulator 

types of products, respectively. The same as above, the planned procurement volume is 
entered for all three types of product parts. The number of employees is in terms of the 
number of people and the unit of QC/IE cost, marketing cost, and IT cost is in tens of 
thousands of yen. For all items, the results for the previous period are represented. 

Clicking on the “Reference” or “Effect” button on the page for entering business 
decisions displays the theories and methods related to the decision-making items. 
Clicking on the “Reference” button displays a reference page on decision-making 
information. For example, the reference page concerning planned production volume 
provides lists of demand forecasting methods that generate demand volume and of 
investment control theories that provide inventory information. Learners use these 
theories and methods to make decisions. 

Clicking on the “Effect” button displays a page of information on the effects of 
decision-making (Fig. 5). On that page, figures on decision-making provide the 
results and effects from corporate activities through figures calculated using the 
theories and methods. For example, the determination of planned production volume 
provides product part requirements through MRP and lead-time through the 
scheduling method. Learners understand the relationship between the planned 
production volume and the product part requirements through MRP based on the 
product part volume as well as the relationship between the production volume and 
the procurement volume. 

The theories are gradually updated according to the decision-making period (Fig. 6). 
This allows learners to study the relationship between theories or decision-making 
items effectively, in addition to each theory. Concretely, there are no pages on theory 
support and only results are available until the fourth period. From the fifth period, 
theories related with decision-making are listed. Learners use the theories to make 
decisions. 

Which results are affected by the decision-making theories is also revealed. From 
the 15th period, theories and methods directly related to decision-making as well as  
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Fig. 5. Clicking after the “Effect” button 

5 to 14 period’s list 
of theories

15 to 24  period’s 
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25 to last period’s 
list of theories

 

Fig. 6. Updated screen of the reference button 

those in common with other decision-making items are available. For example, 
planned production volume generates product part requirements through MRP. 
Ordering methods and inventory control theories, which justify planned procurement 
volume, are also displayed. During the twenty-fifth period, how decision-making 
theories effects corporate management is revealed. 
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Fig. 7. Final results of the simulator 

The page of final results outputs (Fig. 7) not only financial information including an 
income statement and balance sheet, but also planned production time (the results of 
scheduling), production throughput time, procurement lead-time, delivery throughput 
time, the number of stores for which delivery was completed, inventories of products 
and their parts, actual production volume, planned production volume, actual sales 
volume, and the trend of the bullwhip effect. 

5   Review of Simulation 

To review the effectiveness of the simulator, we gave a questionnaire to five students: 

Based on the results of the above questionnaire (Table 2), the simulator won high 
appreciation on learning theories. For the degree of understanding of SCM, the survey 
indicated that the relationships between SCM, decision-making, and the bullwhip 
effect are also understood. Learners are likely to have estimated the results of their 
decision-making as they took the theories into account when making decisions. In our 
view, this helps the study of the relationship between production activities and their 
theories and methods, which is the target of the research. 

In the open response section, there were some positive opinions: “A representation 
of the theories required by each item helps to understand the relationship” and “I 
know how to determine figures and what effect the figures have.” In contrast, we also 
saw some negative opinions: “It may be misunderstood that there is no cap on 
expenses for investment items” “It is difficult to understand the relationship with the 
balance sheet” and “The representation of theories is complex and inconvenient”. 
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Table 2. Questionnaire and answers 

average
period

overall 4.3
5 4.4
15 4.8
Last 3.8

period
overall 4.2
5 4.4
15 4.4
Last 3.8

period
overall 3.73
5 3.6
15 3.8
Last 3.8

4 3.83
5 4.3

Theory
Marketing 0
Demand forecast 2
Stock theroy 2
Order system 1

7 3.2
8 4

　Questions

What do you focus on for reducing the bullwhip effect (number of checks)?6

Do you understand SCM?

Do you understand the model?
Is the system user-friendly?

Do you understand the bullwhip effect?

Do you tend to make decisions by your hunch as time passes?1

Can you understand the relationships between the methods?2

Do you know when you understand theories?3

 

6   Result and Future Tasks 

The current educational system is not able to indicate cases where learned theories and 
methods are utilized as corporate activities. Therefore, the purpose of this research is 
designed to develop an educational simulator that teaches theories and methods and 
changes the effects and results generated by business decisions according to the degree 
of understanding. To confirm the validity, the developed simulator is tested against 
students to confirm its efficiency. Through the questionnaire, there were some positive 
opinions. As a result, this study can develop a useful simulator for learning theories 
and methods. 

Future tasks include the selection of theories at the expansion of coverage to non-
production sections, such as a management section, as well as the expansion of the 
theories covered. 
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