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ABSTRACT	

This paper discusses the development and use of a budgeting case study and an object-oriented 
modeling tool to introduce the concept of uncertainty and risk in financial analysis to students 
in upper-division accounting information systems classes. The emphasis is on teaching the con-
cepts involving probabilistic budgeted financial statements using an object-oriented, discrete 
event, Monte Carlo simulation model of a simplified business environment. Teaching materials 
have been developed and tested in an advanced AIS course typically taught to senior or gradu-
ate-level students. Assignments are designed to assist students in understanding probabilistic 
models of business planning, and specifically, in development of budgeted financial statements, 
to create a stronger understanding of the interrelation of business processes and to expose stu-
dents to business modeling via simulations. 

 

Keywords 
Accounting information systems, simulations. budgeting 

  
A teaching note and electronic files are available for use with this case. If you are member of 
the AIS Educator Association, please go to http://www.aiseducators.com and follow the links 
for the AIS Educator Journal.  If you are not a member of the Association, please contact the 
author directly at the address provided above to obtain these materials.  Please provide a 
means for verifying your credentials as a faculty member so that we may protect the integrity 
of the solutions materials. 
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INTRODUCTION	
 
 Financial accounting stresses historic measures. Therefore, accounting students tend to 
think strictly in point estimate terms. However, budgeting activity is, by its very nature, sto-
chastic. Therefore, the purpose of this paper is to introduce a teaching aid to incorporate uncer-
tainty into teaching the budgeting process using Monte Carlo simulation software. The advent 
of robust business intelligence systems in business provides the rich source of data required to 
make budgeting simulation models practical.    
  Development of operational budgets and the resulting budgeted financial statements (or 
pro forma financial statements) is an important skill for an accountant to master (Hansen et al. 
2009, 250). Traditional accounting textbooks stress the use of deterministic models for develop-
ing budgeted financial statements (op. cit., 253). While this is not a realistic approach to pre-
dicting future events, it can be a useful way for students to begin to learn the complex interrela-
tionships among the various components and subsystems of an organization and to experience 
the complexities of developing planning scenarios and dealing with the assumptions that must 
be made. In addition, since the traditional financial reporting functions of producing historical 
financial statements are based on known, deterministic data, students should be familiar with 
performing this type of static analysis. 
 While past events are known with certainty, future financial measures can only be esti-
mated with some level of uncertainty or risk. Modeling approaches that do not incorporate un-
certainty are of limited usefulness because they assume future financial results can be predicted 
with certainty.  (Hall and Kolkmann 1976, 45). For example, if you are developing budgeted 
financial statements, the traditional approach is to start with a fixed estimate of sales (Hansen et 
al. 2009,  254) and then use the sales forecast to derive all of the other pertinent information 
such as scheduled production, desired inventory levels, payments of accounts payable, collec-
tion of accounts receivable, cash balances, etc. Some of the parameters used in developing a 
financial model are discretionary decision variables; for example, inventory reorder points, or-
der quantities, desired cash levels, timing of payments of accounts payable, etc. However, most 
of the financial model parameters are probabilistic in nature, thus rendering budgeting a sto-
chastic, rather than deterministic, process. For example, the normal budgeting starting point of 
predicting sales can be highly volatile, and this volatility is compounded by other probabilistic 
estimates made throughout the budgeting process. Students tend to trivialize the issue of uncer-
tainty, thus failing to recognize the planning risks involved in using the results of the static 
budgeting process.   
 Incorporation of uncertainty is achieved by generating probability functions for accounts 
contained in a hypothetical company’s budgeted financial statements. The case highlights for 
students the interconnected systems nature of the budgeting process, the importance of report-
ing measures of budget risk, and traditional budget category point estimates. A realistic budget 
model for the firm is developed. The model is built using GoldSim simulation software for per-
forming Monte Carlo simulation. The simulation produces budget point estimates and a distri-
bution around those estimates. There is a series of exercises based on this model. These exercis-
es introduce students to sensitivity analysis as well as asking them to extend the model to in-
clude additional or optional business processes. The case has been used successfully in senior/
graduate AIS classes. Three assignments and teaching notes, in addition to the simulation mod-
el, are made available on the AIS Educators website:  http://www.aiseducators.com. 
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Classroom Importance 
 Traditionally, it has been difficult in a classroom situation to do more than discuss the 
variability of the budgeted predictions and the risks associated with them. Even for businesses, 
the probabilistic nature of budgets has traditionally been a concern that was known but not han-
dled analytically. This primarily has been an issue of the available tools and data needed to 
model the business processes involved. 

While simulation modeling tools have improved significantly over time, data availabil-
ity issues persisted until recently as a “fundamental problem” in simulation model building and 
validation (Pace 2004, 167). The current prevalence of business intelligence systems is making 
a significant impact on data availability. Even smaller organizations are increasingly able to use 
business intelligence tools to compile data into valuable information (Totty 2007). Among the 
findings of a recent MIT Sloan Management Review survey of global executives is evidence of 
a strong positive link between the degree of sophistication of organizations’ analytics and their 
competitive performance in their industry (Hopkins et al. 2010, 24). The same survey also indi-
cated that global executives believe that simulation will become increasingly valuable to organ-
izations in the next two years (op. cit., 30). Clearly, the current modeling tools and increasing 
data availability via business intelligence now provide businesses a cost-effective opportunity to 
model business processes using probability distributions. Introducing students to this environ-
ment will give them valuable knowledge that can be applied in their professional careers. 

Risk management is an issue that has become of paramount importance in the business 
world. In addition to incorporating uncertainty into the budgeting process, use of the GoldSim 
model developed here allows the instructor to ground discussions of risk in a data-rich example 
wherein sensitivity to uncertainty and the impact of alternative probability distributions can be 
explored. The model also can be used to perform financial statement analysis on the budgeted 
financial statements, highlighting the volatility and risks inherent in financial ratios and rela-
tionships.   

In summary, the learning objectives of this case study are that students will be able to do 
the following: 

 Understand the differences between deterministic and stochastic 
(probabilistic) estimation 

 Understand how risks enter into the budgeting process 
 Appreciate the importance of assessing budget risk  
 Understand how to model interconnected business processes 
 Learn to use Monte Carlo simulation for modeling the budgeting 

process 
 Perform sensitivity analysis on an interactive simulation model 
 

THE	BUDGETING	CASE	
 

The case study uses a sample merchandising business with two distribution channels, 
retail and wholesale sales. Goods are distributed for both channels out of a main distribution 
center. Accounting, sales, purchasing, and warehousing are centralized for the organization. 
Wholesale sales are paid in cash immediately, while retail sales are either paid in cash or billed 
on account based on a probability distribution. Similarly, inventory is maintained separately for 
the wholesale and retail sales. Merchandising business transactions addressed in the simulation 
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include ordering of goods for resale, wholesale sales, retail sales, distribution of goods to retail 
outlets, payment of accounts payable, receipt of accounts receivable and investment activities. 
 These relationships are presented in Figure 1 and used in assignments two and three. 
Using the given financial statement output (Financial_Statements.xlsx) and lecture notes 
(Probabilistic_Budgeting_Lecture.pptx), students are asked to forecast the company’s budgeted 
financial statements based on assumptions and models created in the simulation. By running the 
simulation multiple times, the students can see outcomes based on varying assumptions and pa-
rameters.  

Details for this 
container shown in 
Figure 2 

Figure 1 
Overview of Simulation Model 

The Simulation 
 A simplified Monte Carlo discrete event simulation of the sample business has been de-
veloped for use in the classroom. The simulation uses an object-oriented language, primarily 
involving point-and-click and drag-and-drop actions to build models. We have found that senior
-level accounting students and MBA students can use the system without much instruction.  
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 The simulation uses GoldSim, a system available free of charge for academic use (see 
goldsim.com). Each student can request a student version of the software, and additional copies 
are available to the faculty member for installation in an on-campus computer lab. The infor-
mation technology background we advise for students performing the first two simulation as-
signments is an introductory MIS class required at most business schools. A basic understand-
ing of object-oriented concepts such as properties and methods is helpful for completing the 
third assignment. If the assignments are completed in groups, those with better technology 
backgrounds can assist others. 
 GoldSim is an object-oriented simulation language that is easy for a beginner to use but 
can produce extremely complex models. The software contains tutorials to help the students, 
and the lecture notes (Probabilistic_Budgeting_Lecture.pptx) contain additional guidance. The 
model we present uses five primary classes of objects: inputs, stocks, functions, events and re-
sults. The inputs can be deterministic or stochastic (e.g., Wholesale_Sales in Figure 2). The 
stocks are containers that hold values such as account balances and inventories (e.g., 
Goods_Inventory in Figure 2). The functions vary from simplistic (add two numbers together) 
to complex mathematical calculations (e.g., Wholesale_Inventory_Cost in Figure 2). The events 
trigger actions within the system (e.g., Wholesale_Event in Figure 2). The results are primarily 
used to display the data and probability distributions produced by running the simulation (e.g., 
Goods_Inventory_Results in Figure 2). We purposely keep the complexity of the model at a 
level that can be understood by the students. However, if desired, the students can introduce 
additional intricacy once they become comfortable with the original model. 
 
The Model 
 Following is a brief description of the model and some of the assignments that we have 
used in teaching the simulation material. Figure 1 shows the model overview. 
 While the model first appears intimidating, it corresponds closely to the business cycles 
discussed in accounting information systems or other business process courses. Each container 
is a collection of objects that model the logic for that function (cycle) of the business. The lines 
connecting the containers represent what are termed influences between the containers. This 
includes data values (thin black lines), transactions (red lines) and multiple types (thick black 
lines).  As you can see, the model contains most of the major functions of the case study busi-
ness.   
 The objective of this paper is not to present a complete explanation of the model, but to 
introduce the concepts involved and entice you to adopt this approach for your class. The model 
details are provided as part of the available teaching materials, both in videos and a PowerPoint 
presentation. However, we will explain some aspects to enhance the reader’s understanding of 
the richness of the model and some of the instructional possibilities. Figure 2 displays contents 
of the wholesale sales container. The intent is not to explain the wholesale sales container de-
tail, but rather to show the richness of the model and to highlight how probability is built into 

the model. In the center of the module is the demand distribution (symbol  ) for wholesale 
sales (Wholesale_Demand) as an input object. This is an example of a stochastic component 
introduced into the model.   
 Note that from the model overview in Figure 1, we drilled down to the details of the 
Wholesale Sales Module in Figure 2. Figure 3 is a drill-down of the Wholesale Sales Demand 
function in Figure 2 and shows the demand distribution used to represent wholesale sales. For 
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this instance, we selected a discrete probability distribution. This is just one of the many possi-
ble probability distributions that can be used. There are additional stochastic components in the 
other process containers (e.g., Retail_Sales) and many more could be introduced to present 
more realism. However, as stated before, this is a teaching tool, and we want to keep the model 
simple enough for students who are not familiar with the concepts. Despite its simplicity, the 
model illustrates different ways in which business processes can be constructed. For example, 
the algorithm for ordering wholesale inventory is different from the algorithm for ordering retail 
inventory. 
 It is advisable that students have taken an introductory statistics class before engaging in 
the simulation, but most accounting students will have taken such a course before taking ad-
vanced accounting classes. Nevertheless, students need only a “cookbook” knowledge of statis-
tics to complete the assignments and grasp the importance of stochastic models. A basic over-
view/review of probability concepts used in the simulation is available to students in the supple-
mentary materials.  
 

Wholesale_Sales Demand 

Figure 2 
Wholesale Sales Module 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-30 via free access



AIS Educator Journal —Volume 7 (2012) Page 59 Modeling the Budgeting Process 

 Each object in the model has parameters that dictate the behavior of the object. For ex-

ample, Figure 4 shows the drill-down details of the Goods_Inventory object (symbol  ) in 
Figure 2. This is a stock object in which the balance represents the goods in the central ware-
house. Note that the primary information involves the inflows (Additions) and the outflows 
(Withdrawals) of the stock object.    
 The actual amount of wholesale sales is not strictly determined by the demand function, 
but is also dependent on the goods available in inventory. This analysis is handled in the dis-

crete change event, Lost_Wholesale_Sales_Event (symbol  ). If there is not adequate in-
ventory, then the amount of lost sales is accumulated in Total_Lost_Sales stock object (in units) 

and the function Lost_Wholesale_Sales_Dollars (symbol  ) converts the units to dollars 
based on the wholesale price. 
 The results are shown in two different forms. One form is a probability distribution of 

the results (symbol  ).  Figure 5 shows the probability distribution of the goods inventory. 

Figure 3 
Wholesale Sales Demand Distribution 
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Figure 4 
Characteristics of Goods_Inventory Stock Object 

Figure 5 
Probability Distribution of Goods Inventory 
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 The other form of results used here is results over time (symbol  ). Figure 6 illus-
trates the format of that output. This display shows the value of each realization (i.e., iteration) 
in green, the mean value of the realizations for each day is represented by red and the median 
values are in blue.  There is the option to display this information in table form also (see Figure 
7). 

Figure 6 
Inventory Levels Over Time 

Figure 7 
Table of Inventory Levels Over Time 
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 In order to enhance student understandability of the model, a large majority of the static 
parameters of the model are contained in an Excel spreadsheet that is used as input into the 
model. Figure 8 shows some of this initial data. Using a spreadsheet to consolidate the data 
makes changing parameters a straightforward task in which all data are in one place. 

Figure 8 
Beginning Balances and Selectable Model Parameters 

 The results of the simulation are presented in two formats. First, a container 
(Display_of_Results) in the model has each of the financial statement accounts displayed as a 
probability distribution. In addition, all of the numeric results are written to a spreadsheet that 
shows separate results for each realization of the simulation. Figure 9 shows the probability 
distribution for the cash account. 
 Figure 10 shows part of the spreadsheet that is written to Excel by GoldSim. The 
spreadsheet shows the balance sheets and income statements (by realization) in one tab, the re-
lated cash flows in another tab and a series of reconciliation calculations in the final tab. These 
data are also available in the various modules of the model. Placing all data into a single 
spreadsheet allows the students access to the results in a single source. 
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Sensitivity Analysis 
 At the business level, students can perform a broad series of sensitivity tests of the vari-
ous model parameters. This is an important aspect of business modeling and may, in fact, be the 
intended result of the modeling process. For the students, there is no need for a deep technical 
understanding of the model in performing this type of sensitivity analysis. Instead, the students 
need to grasp the business processes in the model and the scope of the parameters involved. 
This is a good starting point for teaching simulation. A PowerPoint presentation 
(Probabilistic_Budgeting_Lecture.pptx) covering simulation basics, sensitivity analysis, and 
how to use the simulation to complete the first assignment is available as a supplement to this 
paper. There also are three videos in the supplementary materials explaining to students how to 
use the GoldSim software to complete the assignments. 
 Sensitivity analysis can be focused on different aspects of the business. For example, by 
changing the cost of the product and the retail and wholesale selling prices, the profitability of 
the two distribution channels can be compared under differing circumstances. Making changes 
to the reorder points and the quantity ordered for both retail and wholesale inventories can help 
determine the optimal inventory management policy. Changing the demand by using a demand 
offset value or a seasonality factor can also be used in cash flow analysis and other aspects of 
the business. These are just a few of the possible variations that can be used when testing sensi-
tivity of the model.   
 
Suggested Assignments 
 The materials available to faculty include three assignments. These assignments have 
been classroom-tested with senior level accounting majors. The first assignment uses the Gold-
Sim sample simulation (Jason buying a bicycle) and has the students first do sensitivity analysis 

Figure 9 
Probability Distribution of Cash 
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on the simulation by changing only one parameter. The assignment also includes a very minor 
structural addition to the model. This allows the students to become acquainted with the Gold-
Sim modeling language and also sets the stage for other assignments.  
 The second assignment involves sensitivity analysis of the business simulation. The as-
signment progresses from very structured to unstructured questions. The questions asked are 
focused on interpreting the business consequences of changes in the parameters. 
 The final assignment deals with understanding the model, suggesting additional func-
tionality for the model and then implementing some of the suggested additional functionality. 
This assignment is more technical than the other two, but it is reasonable for the average ac-
counting student. 
 Besides the model and the associated assignments, available teaching materials also in-
clude a PowerPoint slide set, descriptive videos for the students, critical instructions for the fac-
ulty in both written and video form, and possible answers to the assignments. Separate videos 
are available for students and faculty for each assignment, explaining in depth GoldSim and the 
budgeting model. A detailed list of available material is provided in Appendix A.  
 

Figure 10 
Spreadsheet of Simulation Results 
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 We suggest that one week be given to complete each of the first two assignments, with 
an additional two weeks allotted for the third. For the first assignment, in addition to the assign-
ment and the video accompanying the first assignment, the Probabilistic Budgeting lecture 
should be assigned. With the second assignment and its accompanying video, the Beginning 
Data initial Values, the Financial Statements, and the BI lecture should be assigned. The re-
maining materials should be assigned with the third assignment. We also recommend a group 
approach be employed whereby each group is assigned a different container for analysis.     
  
 

CONCLUSION	
 
 Requiring students to develop and use stochastic budgeted financial statements will 1) 
expose students to stochastic models of business planning, 2) help them better understand inter-
related business processes, and 3) introduce them to business model simulations. The emphasis 
is on teaching the concepts involving stochastic budgeted statements using an object-oriented 
discrete event Monte Carlo simulation model of a simplified business environment. This model 
and teaching tools related to the subject are made available to faculty members. 
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Appendix A: Available Materials 
 
There are a series of materials available for both student and faculty use: 
 
For student and faculty use 
 GoldSim simulation of a business 
 Spreadsheet of initial parameters 
 Spreadsheet for output of pro forma financial statements 
 Three sample assignments 
 PowerPoint lecture slides 
 
For student use 
 Videos for student viewing 
 
Strictly for faculty use 
 Index of available materials 
 Instructions for faculty 
 Video for faculty use 
 Answers to assignments 
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