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ABSTRACT
Business simulation games allow students to develop their understanding of business functions and strategy by immersing students in an active learning environment. This pedagogy, however, comes with a steep learning curve for both the student and the instructor. Intelligent Agent (IA) technology offers a viable option for addressing this challenge. IAs improve students’ comprehension of the business model on which the simulation is designed, allowing students to focus on behaving as managers of the business rather than learners of the simulation’s rules. IAs can also be used to lessen the need for instructors to closely monitor students’ decisions and to provide a mechanism to implement business scenarios in the game.
INTRODUCTION
Business simulation games provide a safe environment for students to develop their understanding of business concepts and to practice making the decisions involved in managing a business. Business simulation games were developed over 30 years ago. Their improved user-friendliness and sophistication has increased their popularity as a pedagogy. Reviews by [1] [4] and [11] discuss the role and contribution of simulations to the learning process in business curriculums. 
AN OVERVIEW OF BUSINESS SIMULATIONS
Most business simulation games are designed for use in graduate and undergraduate course disciplines such as management, entrepreneurship, international business, and marketing. These simulations allow students to experience the issues that are involved in managing a small manufacturing operation. Key to achieving success in a simulation is a coordinated strategy where the marketing, operations, and financial plans and tactics are synchronized. Students track their performance by monitoring a number of marketing, operations, and financial reports. These numerical reports provide the backbone for most simulations, helping students understand how the functional areas of a business fit together. The advantages of business simulations have been well documented in the literature (see, for example, [2] [3] [6] [8]).
However, as noted, with most simulations, information is relayed to the student players through numerical reports such as financial statements (e.g., balance sheets, income statements, and cash flow statements), operations reports (e.g., inventory reports and worker productivity reports), and marketing reports (e.g., S & A reports and marketing research reports). While such numerical reports are certainly vital to management, they only represent one type of view of the organization. Actual managers have many types of inputs that they rely on when making decisions, including talking with marketing managers, operations managers, human resource managers, financial managers, and outside consultants. The lack of non-numerical inputs to decision making in a business simulation game provides students with only a partial view of business. Students do not get the opportunity to practice listening and weighing a wide variety of inputs and distracters.
BARRIERS TO ADOPTION OF BUSINESS SIMULATIONS
In addition to the focus on numerical reports in business simulation games, a barrier to the adoption of business simulations is the information overload for the students who play the role of the managers of the companies in the game. Students playing a simulation often feel they are “swimming in numbers,” and consequently are unsure of their interpretation of the numerical reports and even the relevancy of particular reports. The problem is especially acute early in the game when students are still struggling to understand the game’s rules. Unless properly managed by instructors, the overload can lead to student frustration, disengagement, and apathy. This can result in the students “throwing numbers” at their decisions instead of taking reasoned actions, which undermines the learning process. The burden of speeding students down the learning curve falls on the shoulders of the course instructor who is facilitating the game. The ability of the instructor to manage this process is a key to a successful simulation experience for the students. It is critical that the instructor knows how to help students:
· Understand how to interpret the simulation’s reports.

· Understand the interrelationships of the entities within the business.

· Untangle the “spider web” of effects their decisions have on their performance. 

This student learning curve challenge is inextricably linked to a second barrier to adoption of business simulation games by instructors: Instructors face a similar steep learning curve when first working with a business simulation. Simulation developers provide instructors with numerous reports that allow them to track company performance. However, just as for the students, it takes instructors time to learn how to interpret and evaluate these reports. And the information overload for instructors is doubled as they have to quickly learn their instructor reports and the students’ company reports. 
To ensure student learning, the instructor needs expertise in the business simulation used and a willingness to expend a significant amount of effort assisting students as they make their decisions and interpret their results. The combination of information overload for the students, information overload for the instructors, and the burden on instructors to facilitate the students’ managing of their steep learning curve, results in the suppression of adoption rates of simulations. The importance of instructors experienced in working with simulations is clear, but achieving that experience is problematic given the steep learning curve they face. 
INTELLIGENT AGENT OVERVIEW
We believe the use of Intelligent Agent (IA) technology can serve as a vehicle for “flattening” the learning curve for students and instructors unfamiliar with a business simulation. IA technology is defined as follows [7]: 
For each possible percept sequence, an ideal rational agent should do whatever action is expected to maximize its performance measure, on the basis of the evidence provided by the percept sequence and whatever built-in knowledge the agent has. 
IA is a classical topic within the Artificial Intelligence literature and has been well studied for many years. In general, agents should exhibit the following properties [5]:
· Autonomy. It should have some control over its actions and should work without human intervention.
· Social ability. It should be able to communicate with other agents and/or with human operators.
· Reactivity. It should be able to react to changes in its environment.
· Pro-activeness. It should also be able to take initiative based on pre-specified goals.

The interested reader may wish to examine [10] for a general overview of this literature. IA is an adaptive technology that has been used to address many business and non-business problems throughout the literature. An older but interesting and non-technical survey of IA is available at [12]. 
The goal of introducing IAs into the business simulation environment is to provide a mechanism for generating other sources of information for the simulation players and instructors in addition to the numerical reports generated by the simulation model. The IA’s feedback dialogue must be based on real-time data originating from the industry and the specific company managed by the student in the game. 
By more closely simulating the inputs a typical manager would receive, the IAs should help the simulation to feel more real to the players. For example, one IA could take the role of a marketing manager who provides text-based input to the simulation player in addition to the traditional numerical-based marketing reports. Similarly, another IA could take the role of an operations manager who provides advice to the simulation player on operations decisions in addition to the traditional operations reports. In addition to adding a simulated human dimension into the game, the players will also receive practice in weighing input from a variety of sources and practice at filtering out distracters. 
The IAs can also be used to lessen the need for the instructor to monitor closely the decisions made by the student teams. The focus of an IA is to direct the players’ thought process, helping them to learn the play of the game more quickly and to understand the relationships between the business’ functions more quickly. For example, suppose a player desires to lower their product price. An IA could remind the player that in lowering the price, the demand for their product will likely increase. To take advantage of the increased demand, the IA could highlight the potential need to add production capabilities by building plant, purchasing equipment, and hiring workers. In doing so, the player adds to their fixed cost structure. The IA could caution the player that simultaneously lowering prices and adding structural expenses to their business increases the risk of cash flow problems and enhances the need to maintain large sales volumes to pay for the increased debt and depreciation charges associated with the expanded facilities. For another example, an operations manager IA could notify the player of a pending shortage of raw materials for the next decision round or of excessive inventory levels given the sales volume of the company. 
The IAs also provide a mechanism to implement business scenarios within the simulation game, thus further enriching the simulation experience. For example, an operations manager IA could notify the player of an impending strike, help to clarify the labor issues involved, and help to estimate the effect on production if the strike were to occur. In the absence of IAs, instructors who wished to add business scenarios to the game have to develop the scenarios on their own and then manually administer the scenarios in the game, which further increases the already heavy burden on instructors.
ILLUSTRATIVE LIST OF SOME POSSIBLE INTELLIGENT AGENTS
The variety of possible IAs for business simulations is extremely diverse. In this section, we highlight a few potential IAs that could be integrated into a simulation. This list is by no means complete. We envision two classes of IAs: Omnipotent Benefactor (OB) and Business Entity (BE). The OB class of IAs provide directions to help players and instructors overcome the steep learning curve of a simulation by identifying the relationships among the various entities within the simulation. The BE class of IAs act to personify relevant employees and managers that are represented in simulations but currently have no voice. Here are some examples:
· Member of Board of Directors/Business consultant: This IA would be an OB that would help with the early stage learning of the game and help diagnose problems by revealing the relationships between the various business functions.
· Sales person/Marketing manager: This IA would be a BE class IA that would provide a means to understand external market conditions, shifts in customer buying habits, and analysis of competition.

· Operations manager/Warehouse worker: This BE class IA would provide a view of the internal operations of the business, status of the production facilities, logistics information, and inventory status.
· Comptroller/Chief Financial Officer: This IA would be a mix of OB and BE functioning within the simulation. The IA could assist the player in how to read financial statements and to understand the differences among the operational and financial reports. The IA could also help the player to more accurately diagnose the overall financial health of the simulated company and to project future cash needs.
INTELLIGENT AGENT OPERATION
As mentioned above in the general definition of IAs, the IAs will need a variety of current company and industry information plus a rule-based expert system on how that information is to be used. The rule base would include a series of “what-if” scenarios, relevant event descriptions, and possible courses of action. This rule base would need to be created by the developers of the simulation and built into the game.

An example of such a rule base in operation would be as follows: As the player makes decisions in the game, an IA could monitor the forecasted effects of the decision entries. For example, if the forecasted profitability falls below a pre-determined threshold, the IA could notify the players, asking them to evaluate the viability of their decisions. For example, if the chosen product price is close to (or below) the estimated costs of goods sold, the IA could raise a question about the player’s pricing strategy. This question could be general in nature, such as “Are your prices high enough to ensure profitability?” Alternatively, they could be more specific, such as “Is the difference between your price and manufacturing cost per unit sufficient to generate a profit?”
The timing of the IA will vary with the type of IA function. We envision two types of IAs: pre-processing IAs and post-processing IAs. Pre-processing IAs need to act simultaneously with players as they make their decisions, but before the instructor processes the decisions of all of the companies in the industry. These IAs will look for pre-determined problems in the player’s decision set, such as hiring production workers when no production capacity is available. These IAs could also help with the early-stage play of the game. For example, if players are making decisions without first consulting a relevant report, they could be cautioned about the importance of that report. 
As another example, suppose that the student wants to increase spending for advertising media. The IA could ask questions such as: 
· How do you know that you will get a sufficient gain in sales to pay for this increase in advertising?

· How can you determine if you have reached a point of diminishing returns on advertising?

· What information is available to determine if this is the correct advertising media on which to spend this much money?

· How does this advertising decision compare with the competition’s advertising?

Post-processing IAs would assist players in understanding their performance in the previous decision round of the game and help to diagnose issues with their current strategy. These IAs would likely be OB-class and would reduce the burden on the instructor to help students understand the reports generated by the game. 
An example of the OB type of IA would be if the company reports show that the manager is buying little or no market information. The IA could ask questions such as:

· What is the risk of making your decisions without knowing what the market is doing?

· What information about your competitors’ marketing efforts is available to you and what is the cost of obtaining this information?

· Is your per unit contribution margin sufficient to cover your fixed expenses?

The IAs would seldom give direct answers to the player’s best course of action; rather, the IAs would lead the player through a series of directed questions. That is, the IAs would follow and support a guided inquiry model of instruction, not a “do this” model.

In addition to the IAs helping to guide the students in making their decisions, a set of predefined scenarios or dilemmas could be presented to students through the BE class of IAs. These dilemmas would be created by the simulation developer and would be integrated with the current status of the player’s simulated company. For example, a scenario of a fire at one of the company’s manufacturing facilities could destroy a portion the facility’s raw material or finished goods inventory and temporarily reduce the facility’s production capacity while repairs are being completed. Some of the scenarios could raise ethical issues [9]. For example, the company’s MIS IA could report to the players that some of the company’s servers have been damaged by storm water leaking through the roof. The IA could then suggest that if the company falsifies the insurance claim, that the company can replace all of the servers, including the old undamaged ones, at the expense of the insurance company. Then, depending on whether the players choose to file a truthful or falsified insurance claim, the IA would trigger the next event in the ethical dilemma. By the simulation developers including dilemmas in the game, the burden on the instructors is reduced and the game is enriched with other voices and qualitative issues.
CONCLUSIONS
Business simulation games are a powerful tool to demonstrate to students how their business decisions interact to produce business results by giving the students first-hand experience making decisions in a simulated business world. The students gaining experience in a simulated environment is safer than if the students were gaining their experience in the real business world where real companies and real people are at real risk. 

While business simulation games present a simplified world, they are still complex games for students to play and for instructors to facilitate. As powerful as business simulations are in teaching students about the inter-relationships of business decisions and business strategy, many instructors may be reluctant to adopt simulations because of the steep learning curves for both instructors and students in their learning to play the game well. As a consequence, we believe that business simulation games are being under-utilized and have not yet achieved their full potential.
In this paper, we advocate that business simulation game developers adopt a type of artificial intelligence technology that the literature terms “Intelligent Agents” (IA) to flatten the steep learning curves for instructors and students. Not only do IAs lower the steep learning curve, IAs also lessen the dependence on the instructor to guide novice students. 
In addition to lowering the learning curves for instructors and students, we argue that IAs can also be used to introduce non-quantitative, simulated human voices into the game, thus further enriching the simulation experience. The real business world can be a cacophony of many voices and reports, not all of which present a consistent view of the world.

By lowering the learning curves and by enriching the game, we believe that if simulation develops adopt IAs into their games that the use of simulations will increase, thus allowing simulations to achieve their full potential to enhance student learning.
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