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1 WORK BACKGROUND, EXPECTED OBJECTIVES

1.1 Timeliness of the topic

One of the barriers to the spread of simulation games has disappeared with the rapid advancement of
information technology and computing, and their widespread availability to the general public. The
private sector has also recognized opportunities in education in this area and over the last two decades
more and more companies in the field of simulation and training have been established, although it is
true that in Hungary less than half of the institutes in academia used regularly business simulation
games during at least one of their courses in 2018 (Boda, 2018). In international comparison, business
simulation games (corresponding to the state of the art at the time) were widely used in American
business schools since the 1960s (Boda, 2018).

This gap has to be filled by the Hungarian higher education, as companies expect students to enter
the labor market with pragmatic thinking, and expect graduates to be able to use the theoretical
knowledge. Complex business thinking, integrated, process-oriented approach, leadership and
decision-making skills are among the competencies that simulation games can improve. In most
cases, strategic, financial, human resources, marketing, and commercial decisions need to be made,
adapting to the changing market environment and this should be done with effective teamwork. A
further advantage is that students do not have to bankrupt a real business to realize that the strategy
used was not competitive or sustainable, so trying different decision situations is possible without
taking real financial risk. The simulation makes it possible to understand the basic financial and
economic structure of companies and helps to develop a complex approach. It is important that
simulation develops teamwork and managerial skills. Experience-based education provides deeper
understanding and more effective way of teaching. (Boda 2013)

1.2 The objectives

1. objective (C1): The topic covers a very wide area from the creation of the model through
its implementation to the analysis of the results. Thus the first objective is to collect, review
and organize the related literature.

2. objective (C2): My goal is to develop an analytical method that allows decisions to be
measured according to whether they are consciously based or random, heuristic, and where
they can be placed on a scale between these two endpoints.

3. objective (C3): The aim of the research is to group user decisions by motivations, which
make it possible to set up typable behaviors and rank them.

4. objective (C4): My goal is to set up and build a simulation model that allows players to
make decisions in the same economic environment, thus their decisions become comparable.
I intend to integrate the necessary elements of mathematical, computer science and
economics disciplines to create the computing background for the simulation model.

Based on the stated objectives I set the following tasks.

1. Literature review of decision-related topics.

Taxonomic study of business simulations. Determining the scope of the dissertation.

Setting up a model to simulate strategic decisions of a commercial enterprise operating in an
oligopolistic market.

Assessing the decision-making methods of business simulation players.

Setting up a simulation model for players' decision making methods.

Comparing different decision styles with simulation.

Looking for decision styles that make a player successful.
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I did not consider it important to address the following areas: The purpose was not to evaluate a
particular sample of business simulation players (e.g. a particular business simulation competition
and its results), but to establish and evaluate generalizable decision situations.

1.3 Research hypotheses
In accordance with the objectives and the tasks, the following hypotheses were formulated:

1. hypothesis (H1): There will be well distinguishable decision styles and typeable behaviors.
A generalizable model can be set up that combines the most important decision aspects of
the players.

2. hypothesis (H2): It is possible to rank the players in terms of performance, meaning how
effective each decision style is in a competition.

3. hypothesis (H3): Players who react more flexible are more successful in a business
simulation game.

4. hypothesis (H4): At database level, players' decisions can be made measurable focusing on
consciousness.

2 LITERATURE REVIEW

2.1 Decision

Summarizing the different definitions of decision (Kindler, 1991; Kovacs, 1994; Hanyecz, 1994;
Farkas, 2006; Atkinson, 1964; Harsanyi, 1986; March, 1986; Hechter, 1987; Mook, 1987; Elster,
1986, 1990, 1995; Heap, 1994; Szanto, 1998; Heckathorn, 2001; Hechter — Opp — Wippler, 1990) the
characteristics of decision are the following:

- central element of decision: choice, feeling of choice,

- prerequisite: minimum two alternatives for action,

- subject of decision: human,

- purpose of the decision: to maximize the (expected) consequences.

The simplest definition of decision is the choice between different alternatives. It helps to decide
between alternatives if the decision maker is able to determine the expected results for each alternative
as accurately as possible. By result I mean possible positive, negative or neutral state change, and
even the lack of change. In addition to the expected results, probabilities of occurrence need to be
assigned.

2.2 Rationality

,»In logic, valid reasoning is called rational, that is, logical and consistent.” (Kadar-Téth, 2012:313)
Consistency, as acting in accordance with the long-term plan, is treated as a minimum condition of
rationality, since it is characteristic of all interpretations of rationality, but there are more detailed
interpretations with more specific elements. Therefore, rationality as consistency is the concept of
rationality in the broadest sense, and other interpretations are within this framework.

The rational decision-maker of classical economics maximizes its utility function, that is, it follows
the principle of individual rationality. In my opinion, the importance of homo oeconomicus is not the
selfish profit-maximizing behavior, but its adherence to rationality. Homo oeconomicus behaves
logically and consistently during profit maximization. Based on this homo oeconomicus can be a
basis in theoretical assumptions. In my research I have developed a simulation model based on
consistent players, and partly by this I also argue the importance of homo oeconomicus, besides
knowing and acknowledging its flaws that represent reality.
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According to Simon, the rational decision-making model makes unrealistic assumptions about the
cognitive abilities of decision-makers. Both their cognitive abilities and the information available are
limited. Accordingly, decision makers are unable to maximize their utility function. Decision-makers
are thus satisfied with making sufficiently good decisions. Human rationality is fundamentally
limited, according to Simon. (Zsolnai, 1998)

Simon explored problems arising from the contradiction between normative decision-making theories
and practical observations, focusing primarily on production processes and corporate decisions.
Simon (1947, 1956) argued that only bounded rationality prevails.

Golovics (2015) notes that Simon's (1991) theory of bounded rationality also contributed to an
understanding of decision-making processes within the organization. As individuals' capabilities are
recognized as having cognitive limitations, in practice, they seek to establish organizational
frameworks for rational decision-making rather than seeking to maximize choices between
alternatives. The development of task management rules creates a rather complex structure within an
organization that aims to turn decision-making processes into routine activities. (Jones 1999,
Golovics 2015: 165)

The process of trying to achieve rationality by creating structure and framework for rational decisions
rather than rationality in individual decisions itself is called procedural rationality.

Tversky and Kahneman focused on decisions under risk and uncertainty. The basic premise of their
findings is that people do not follow rational considerations of expected utility and violate statistical
principles, instead using heuristics in their judgments (Kahneman & Tversky, 1973; Tversky &
Kahneman, 1974; Kahneman et al., 1982; Kahneman & Tversky, 1996; Hamori, 2003).

The Prospect Theory of Kahneman and Tversky (1979) is a descriptive model because the theory
tries to model the actual behavior of people instead of using the optimal decisions of normative
models. In their research about Prospect Theory they describe three heuristics which are the framing
effect, the reflection effect and the certainty effect.

2.3 Game theory

Game theory focuses on decision problems and their solutions. With the help of game theory, the
possible and expected consequences of the interaction between the players can be explored and
presented. (Molnar & Szidarovszky, 2011)

A well-known example is the Prisoner’s Dilemma, first raised by Flood and Drescher in 1950 and
then a small crime scene was added by Tucker, hence the name of the dilemma (Mérd, 1996, 1998).
In the Prisoner’s Dilemma, prisoners are offered charges separately. A prisoner assumes anything
about his companion's decision; if he is selfish enough the best decision is to betray his companion.
The prisoner dilemma is intended primarily to show that the rationality expected at the community
level is not realized because of individual rationality considerations; from my point of view, the
important thing is to think with the opponent's head.

The repeated prisoner dilemma became known through the joint work of Axelrod and Hamilton
(1981). On the one hand, the framework story of prisoners has been replaced by living organisms that
compete with each other for fertility and survival through the evolution of wildlife. In this game, a
higher payout means more chances of survival, and more offspring being born and raised. The second
change is that we are not talking about a single game, but an iterated version of it, in which the number
of turns is uncertain, so it is not known in advance which is the last move. This change has added an
important consequence: the co-operation between selfish players has appeared. Based on their
computer based analysis, Axelrod and Hamilton concluded that different forms of cooperation were
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more profitable (Guerra-Pujol, 2013). In Axelrod's two prisoner dilemma competitions, the Tit-for-
Tat strategy won, which first cooperated and then copied his opponent's previous round decision.
Rapoport et al. (2015) pointed out that the success of the TFT strategy in the Axelrod prisoner's
dilemma competitions was primarily due to the rules of the tournament (payout matrix values and the
format of the tournament).

2.4 Business simulation

Simulation is a simplified representation of reality, which, with mathematical basis, is able to give
the result of certain decisions made for certain situations. A business simulation game is in the group
of simulation games where the purpose of the game is determined by economic goals and their main
advantage is that we can do certain simulated events without real financial risk.

Ruohomaki's (1995) definition of simulations has a broader meaning. She says that simulation does
not necessarily have to simplify reality, but it must represent it. It can be an abstract, simplified
version or an accelerated version of a process. It is an important component of displaying behavioral
similarity to the operation of the original system. The simulation game combines these qualities with
the characteristics of the game (e.g. racing, collaboration, rules, players, roles, etc.). A game becomes
a simulation game if its rules apply to an empirical model of reality. (Greco, 2013)

2.4.1 Experiential learning

Kolb (1984) notes that any learning outcome requires active experience (Lawrence, 2013).
Furthermore, Hirsch (1996) points out that effective teachers always take a variety of approaches,
and treating one method as superior can be extremely disadvantageous (Lawrence, 2013). Kolb and
Fry (1975) find that games and simulations are suitable for providing experiential learning in
managerial training (Greco et al., 2013). Later, Kolb (1984) develops a model of experiential learning
that consists of four, cyclically repeated steps.

Kolb's model of experiential learning is a repeating cycle. The experiential learning process begins
with some new experience. This can be the detection, reading, listening, etc. of any new information.
This is followed by the processing of this information, the process of understanding. The third step is
the generalization of the material being understood and its transfer to future situations. In the fourth
stage, the information learned from the first three steps is put into practice and applied in a new
situation. This application results in repeated experiences and continues the cycle described,
incorporating previously understood and learned knowledge. (Toth, 2011)

2.4.2 Limitations of the business simulation method

In a comprehensive study, Wellington et al (2010) examined 160 studies. Those studies measured the
effect of simulations on the tests' results written at the end of school-year by pupils. Based on these
measurements they found that in 46.9% of the cases simulation-based lectures were more effective
than traditional forms of teaching. 16.9% of the studies said that traditional ones were more effective
and in 36.3% of the cases, there was no significant difference in the results perceived. (Gold, 2015)

Simulation alone is only a tool. Success depends mainly on the application. Therefore, the isolated
development of business simulations cannot succeed, it is necessary to continuously improve the
educational methodology that can be linked to it, and to provide an opportunity for trainers and
simulation practitioners to learn it. (Boda, 2017)

2.4.3 The importance of business simulation software in education

Hungarian education is often criticized for not meeting the demands of the labor market. Hungarian
education has traditionally followed the Prussian educational system. Domestic education, founded
by Maria Theresa with the aim of meeting the needs of an absolutist state, has not yet embraced the
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needs of the 21st century, and continues to rely primarily on lexical knowledge transfer, while skills
development and the application of knowledge are becoming increasingly important. However, as a
result of automatization coming in next decades, jobs based on lexical knowledge are most at risk.

A World Economic Forum study (Schwab & Samans, 2016) looks at how the ten most important
skills and competences highly valued in the labor market develop over the medium term. According
to the report, the 3 most important skills in the world of work in 2020 will be complex problem
solving, critical thinking and creativity.

2.4.4 Rationality measurements in business simulation games

Lukosch et al (2018) state we can represent rational choices and model behavior in simulation games.
Business simulations can provide a sufficient environment to measure rationality if they are expressly
developed with this aim, but if so, it is more like a task solving test (Sleboda & Sokolowska, 2017).

Usually learning benefits of business simulations are measured with self-reported surveys (e.g.
Dhatsuwan & Precharattana, 2016, Wellington, Hutchinson & Faria, 2017) which may lack the
objective perspective. Also, students are usually asked to reflect on their own decision-making
abilities e.g., were they rational or intuitive decision makers (e.g. Costin et al, 2018) which is still a
very subjective methodology. As Reeder (2013) states, actors compared to observers are more likely
to explain their own behavior rational by citing good reasons for their actions, due to they are
motivated to portray themselves as rational; which strengthens there is a need for objective solutions.

Assessing with digital simulation games have the fundamental advantage of data can be gathered
unobtrusively (Mayer, 2018, Mayer et al, 2014), although there is a little evidence that these data
would be used to evaluate the rationality of players’ decisions.

The primary focus of participant assessments in business simulation games is how players’ skills
were developed (e.g. Teach & Patel, 2007). There are a very few studies deal with the decision process
itself. For example, Rashid et al (1988) proposed an expert system model for making “first-period”
pricing decisions.

Musshoff et al (2011) analyzed boundedly rational behavior (Simon, 1956) in business simulation
games. The study provided a results-based analysis instead of a decision-process based solution (i.e.
authors compared achieved results with achievable results if uncertainty in case of price forecasts
would be eliminated).

Kuperman’s (2009) findings suggest that in business simulations, searching for strategies that satisfy
normative standards would be justifiable: As students were able to learn from experience and improve
their policies, it was expected that they should eventually discover an appropriate policy that
maximizes their payoffs. However, in the research, the majority of the subjects failed to reach optimal
strategies. “It appears that there is a preferred bias toward choosing particular types of strategies that
satisfy normative standards, even though these strategies produce lower payoffs.”

The “degree of rationality and the degree of decision-making efficiency depend on the situational and
structural context of the decision making [...], indicating that professional decisions are generally
conducted more along rational reasoning than private decisions (Neuert et al, 2015).” This statement
also indicates that decisions made in a business simulation environment should be assumed more
rational than the private ones. Although Wolfe (2016) notes that rational decisions in business
simulations are affected by the level of engagement: “Those who were completely engaged in the
experience obtained superior economic results and created strategies and implementations that were
rational, goal-oriented and correct for the simulation’s modeled competitive environment.” Which



implies that one key element of rationality is engagement, and based on this, rationality measurements
could lead to active participation/engagement assessments too.

3 MATERIALS AND METHODOLOGY

Business simulation games are often played by teams. It is not uncommon for teams to have serious
disagreements about their decision because of the different views of team members.

Hurta (2013) quoting Klein (2004) notes that ,basically everyone has attitudes, that determine
behavior toward objects, beings, and situations. Because attitudes are not visible, audible or
perceptible, they can be inferred from observed behavior or actions.”

Based on my experiences, the reasons for different decision-making styles have to be found in
different attitudes. Therefore, in the dissertation, I discuss this issue on several levels so that I can
finally measure the success of each strategy and attitude through a specific business simulation game.
Since attitudes can be inferred from observable behaviors, therefore I will examine behavioral
dimensions, habits instead of attitudes.

It is important to mention that when I start my research, I use the experience I have gained over
several years, first as a player (twice in university courses and in many domestic business simulation
competitions and finals) and later as a co-founder of a company which develops business simulations
and also as a developer of business simulations. With the business simulation we created, we held
several national and international competitions, which also help us to understand the processes from
a different perspective what we experienced as players. These experiences are not published
researches, but they are an essential background for the preparation of the dissertation.

The research has been done at multiple levels. The first is a qualitative research study built on
interviews with various finalists in different business simulation competitions. This study analyzes
the thinking of good players, their decision-making methods, and the experiences of a Hungarian
simulation developer and competition organizer company. The purpose of these interviews was
exploratory research. As a result of interviews and personal experience, I finally found that the players
have specific strategic ideas, but on the one hand they are very diverse and on the other hand they are
always tailored to the situation. It is also true that players usually use mixed strategies. Therefore, it
is difficult to say with database analysis what motivated the player’s decisions in a given situation.
This is especially true because our tournaments are all organized in the format of team competition,
which means that the decisions made are not reflect a single person’s thaughts. Therefore, creating
an artificial environment where players decide on clear strategies is justified. Of course, virtual
players have the ability to adapt to their opponents but players can only decide based on their stated
attitudes. To do this, I created a questionnaire that measures the player's attitudes. Based on the
measured attitudes, I have created virtual players, agents, who make decisions in specific situations
instead of real players. Virtual Agents made decisions in the MAXIMULATION business simulation
game, which evaluates them to make their strategies comparable. A total of 151 virtual agents made
decisions in 9331 simulated games.

3.1 Qualitative interviews
The topic of qualitative interviews

The purpose of qualitative interviews was to conduct exploratory research on the following topics:

- categorizing the decisions of business simulation players and making them measurable;
- determination of motivations behind decisions and analysing the decision processes;
- defining typical decision-making behaviors.



Subjects of the research
During the research I wanted to interview 2 target groups:

- University or college students with business interest who have attended a business simulation
training or business simulation competition.

- Business simulation developers or competition organizers, to get ideas on how to measure
rationality at database level.

The aim of the research

The purpose of qualitative research is to get to know the thinking of players using business simulation.
It is necessary to clarify where the line between consciously based and random decisions lies. This
requires an examination of definitions of rational decisions, which I did in the literature review. If I
use the permissive definition, then essentially the player is rational when (s)he makes the decisions
needed to achieve his/her goals and they are consistent.

There is no single solution in a business simulation game, there are many ways to succeed a virtual
enterprise. From this point of view, it is important to look at what points of judgment each player has
in their decision and what attitudes they have at each point of decision.

Justification for the choice of research technique / methodology

Both focus group and interview techniques are suitable for such an exploratory research where the
undestanding of players’ thinking is needed. However decisions can be made in groups I chose to do
personal interviews because I wanted to get to know a broader range of thinking, including the
individual motivations behind each decision.

I have planned 6 interviews to get to know player thinking. 5 interviews with players and 1 with
manager of a company that develops business simulation games and organizes business simulation
competitions. The purpose of this was to gain a deeper insight into player motivations and to gain a
comprehensive external view of decision-makers' behavior.

The business simulation competitions in which the interviewees took part have the following common
features:

- Computer-assisted simulation;

- Multiplayer, the opponents are students, not Al

- Turn-based, where players make decisions any time until the deadline of the given round and
lack new information until results are not simulated based on the decisions;

- The competitions consist of several levels: qualifiers, semi-finals, final;

- The competitions required both personal presence and there were also online rounds;

- Strategic decisions are to be made;

- Players’ companies are starting from the same, initial position;

- The competition is divided into different markets, where 4-8 teams present one market.

- The simulated market environment is oligopolistic with 5-6 teams per market.

- Teams take the role of management of manufacturing and / or commercial companies.



Outline of the interviews

I wanted to set up the interviews relatively freely, but larger topics were identified and thought-
provoking questions were formulated. The major subject blocks are:

- Introduction (relevant background information)

- Defining decision

- Defining rationality

- Forming alternatives and the choice between alternatives
- The decision process in the simulation

- The applied strategies in the simulation

- Possibilities of measuring rationality in the simulation.

3.2 Questionnaire analysis of decision-making behavioral dimensions

Based on the results of the qualitative research it is possible to determine the main points of logic and
thought along which the players, and especially the better players make decisions, but this may not
generalizable on the players as a whole. Therefore, I planned to obtain quantifiable data through a
larger sample survey. Using the quantitative method, my goal is to collect statistically significant data
on what types of players can be classified and how they would behave in each situation.

Based on my observations and interviews, players tend to use a mixed strategy, therefore, by simply
analyzing a simulation’s database of decisions and their outcomes, it is not likely to be clear how a
player chooses between action alternatives, in a given situation. Accordingly, I first map the
motivations of the players and the considerations they make in each situation. Later, putting their
strategies into a simulation makes it possible to compare different strategic ideas.

In the case of attitude research, I analyse the decision-making attitude, and specifically the behavior
in certain situations. It is necessary to determine what decision points the research should focus on,
that is, first, how a virtual agent decides. Based on my own experiences and qualitative interviews, |
built the logic of the virtual agents and set up the required input values based on the questionnaires.

The following behavioral dimensions were identified to be mapped:

- risk appetite,

- attitude towards pricing,

- attitude towards marketing activities,

- competitor analysis methods used,

- attitude towards market share,

- responding to competitor strategies in different situations:
- direction of reaction,
- degree of reaction.

There are two ways to assess how players decide in certain situations. First is to analyze how they
actually made a decision in a particular situation, and second to ask them how they would decide in
a particular situation. The former is observation and the other is an interview technique (e.g. a
questionnaire).

The advantage of observation is that it shows a real decision, the disadvantage is that the motivation
behind the decision remains unknown. The player types are more likely to operate with a mixed
strategy rather than purely one strategy. Therefore, assessing decision-making mechanism is difficult
to determine solely on the basis of simulation results. It is necessary to conduct a questionnaire survey

10



with the players. In the research I combined these two elements so that the respondents could make
decisions in a simplified version of the simulation and then answer the questions in the questionnaire
after the game. There were also opportunity to answer the questionnaire without playing. If the
respondent answered the questions after the game, the game ID was automatically attached to the
questionnaire, while maintaining the possibility of anonymity. However, it is important to note that
playing the game does not meet the research value expected from the observation, since during a
simulation competition or course players spend much more time making individual decisions. Here,
the game only helps to put the post-game questions into context.

3.3 Building artificial intelligence for simulation decisions
After exploring the player types and decision behavior dimensions, I use simulation modeling to see
how different decision making styles competes against each other.

The MAXIMULATION business simulation software used for analysis provides a framework for
players: different decisions made by players are collected and evaluated in the simulation. Normally,
the opponents are real players, thus for the dissertation virtual players’ thinking had to be created.

3.3.1 Preparing decision inputs, filtering the base table

In order to determine how an agent decides, we first have to list the sets of information, tables that a
real player can access about his opponents. If this information is available, it should be determined
which of these data is used by the virtual agent and to what extent.

The information available to players can be divided to two big data tables:

- The ,,decision table”, which contains all decisions made by the players.
- The ,,result table”, which contains the simulated results.

These two tables give all the information needed to make a decision:

- previous decisions of the player,
- previous decisions made by opponents,
- result table for previous rounds.

The data of these information can be further broken down according to whether or not that information
is available to the decision maker. Obviously, the player can only make definitive statements based
on the information (s)he sees. Invisible data from competitors results in uncertainty, as well as the
fact that players' future decisions are unknown, and also much of the data is available refers to the
past. The only future-related data is the demand forecast.

All the needed information is entered for the virtual player to make decision:

- In the starting round this is the initial state and the player’s decision attitudes.
- In later rounds these are the result data of the previous round and the player's previous
decisions.

The player makes decisions based on this information.

3.3.2 Decision inputs

In order to determine how a player should make decisions, it is first necessary to clearly see what
decisions the player should make. Once the scope of decisions to be made has been determined, it is
necessary to categorize them according which decision is affected by the analysis of competitors and
which is only internal company data.
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The decision inputs are described below. In the game, there are three products that are traded by the
virtual company, and most of the decisions are directly or indirectly related to these products.
Decisions directly related to the products are pricing, stocking and marketing.

The total number of decision inputs is 17, which are the follows:

- Purchase and sales: 6 decisions (pricing and purchasing decisions for 3 products).

- Marketing: 4 decisions (setting total marketing budget and weight for 3 products).

- Human resources: 4 decisions (change of salary and headcount of blue and white collar
employees).

- Financing: 1 decision (loan).

- Pick-pack points: 1 decision (changing the number of pick-pack points which are
functioning as sales channel).

- Projects: 1 decision (starting or not a specific project).

Of these 17 decisions, the following are not directly or significantly depend on the decisions of other
teams:

- financing,
- projects.

For the next 15 decision inputs, I simplify the decision making in the model in HR decisions, which
means the virtual players cannot change wages, only the headcount changes are available and also I
disable in the simulation that the job market is finite, so I essentially exclude these decision inputs (4
inputs). Thus, the range of decision inputs to model is the following:

- purchase, sales and pricing decision of 3 products (low, medium and premium products;
number of decision inputs: 6),

- setting of marketing budget and weights (number of decision inputs: 4),

- and setting the number of pick-pack points (number of decision inputs: 1).

A rational decision maker would combine these 3 factors to always focus on where the smallest
investment can achieve the desired effect, or the best possible impact with the planned spending.

However, the difficulty of the task is not only that the players do not know the expected decision of
the opponents, but that they do not know the exact effect of these factors. The impact of these factors
can be collected empirically, and it is difficult to distinguish which factor has exactly its effect.
Therefore, players choose a combined solution, where they make an intuitive decision to prioritize
between the decision factors.

Ultimately, which of these three factors is more important to a player will depend on subjective
judgment. This requires, among other things, an examination of the decision-making behavioral
dimensions.

The detailed structure of the model is discussed in the results section, since it is necessary to use the
questionnaire answers to present it.

4 RESULTS

The results are based on three interrelated methodological elements. First, I collected information
about decision-making situations in business simulations through interviews. After that I examined
the different decision situations by questionnaire analysis, and finally, based on the previous two
method, I created a decision simulation model, and ran 9331 simulations.
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4.1 Structure of the decision making model based on the results of interviews and
questionnaires

I created a decision process simulation that fits into the decisions to be made in MAXIMULATION

business simulation.

The purpose of the questionnaire was to create virtual players with different playing styles based on
the answers, and then simulate these different playing styles by competing against each other and
provide a basis for further analysis.

Table 1: Player types based on the questionnaire responses with regard to flexibility of
reactions to opponents’ actions and intended market share

Strategy based on intended market share Flexibility of reactions Type
. flexible TYPE1
DEFENSIVE Strategy defensive strategy -
not flexible TYPE2
. flexible TYPE3
focus on premium products -
not flexible TYPE4
Focus on 1 product category focus on medium category erX|bIe‘ TYPES
products not flexible TYPE6
focus on low category flexible TYPE7
products not flexible TYPE8
focus on low and medium flexible TYPES
categories not flexible TYPE10
. |focus on low and premium flexible TYPE11
Focus on 2 product categories . -
categories not flexible TYPE12
focus on medium and flexible TYPE13
premium categories not flexible TYPE14
EXPANSIVE Strategy expansive strategy erX|bIe‘ TYPELS
not flexible TYPE16

Source: own editing based on questionnaire responses and interviews

The 105 respondents who completed the questionnaire were not homogeneous, nor was it a goal. The
105 answers were grouped by decision styles. The grouping was built on the interviews. The first
grouping factor was the planned market share. Based on the qualitative interviews and the
questionnaire responses, | divided the answers into two categories, which were defined as defensive
and expansive strategy. Since three product categories had to be categorized by market share, the
planned market share strategy was classified into eight categories, which I combined into four larger
categories.

I added another dimension to the above categorization, which is the flexibility of reactivity to changes
of opponents and the environment. According to this, the eight categories expanded to sixteen, with
each having a flexible and a not flexible version (Table 1).

4.1.1 Decisions of the virtual players in the first round

In the first round, due to the lack of decision history, the opponents’ decisions cannot be taken into
account yet, but their expected decisions are. Therefore, in the questionnaire, I collected information
about the decisions with a double purpose. Accordingly, the questions are structured in such a way
that the first round of decisions can be mapped and the next round of decision-making mechanisms
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set up. For the first round, information had to be collected for the decision inputs presented in the
materials and methods section.

Based on the responses about projected market share, with a simple subtraction is easy to get the
number of products to purchase:

[planned sales] — [closing stock in previous period]| = [stock to order]

As regards pricing, the majority of respondents also made a difference between the premium and low
category products. While the average margins reported for low category products were 29.4%, for
medium products 33.6% and for premium products 40.3%. While 13.3% of the respondents were in
the 41-60% profit margin for low category products, 17.1% for medium products, and 50.5% for
premium products. Respondents' attitude towards marketing decisions was also surveyed. The
question raised that there is a correlation between pricing and marketing budget. However, when
examining this, there was no correlation between the price of each product and the weight of
marketing within the budget, or the average price of the product and the total marketing expenditure.
In human resource decisions, [ used the simplification that wages couldn't be changed by any virtual
player during the game. The players could change only the number of employees, but this was
calculated by an automatic formula and was not dependent on any decision-making habit. The
calculation was based on the difference between the current capacity and the one needed in the next
period. Financing, like human resource decisions, was automatic. During the testing of the
questionnaire it became clear that in the case of sales channel it is not possible to assess the question
in such a way that it can be answered unambiguously, so in this case I did not ask about the pick-pack
points but respondents' answers were matched with former decisions made by real players. Since
there was no close correlation with any of the factors, some randomness was found in determining
the opening numbers for each sales point. There are three kinds of projects that can be launched in
the game, the positive benefits of them are not exactly known, only the cost is known. Only one
project can be launched in one period. Which ones to start or even starting one were chosen by the
virtual players randomly.

4.1.2 Decisions in subsequent periods: virtual players’ reaction to competitors’ actions

In this subchapter, I present how the flexible and not flexible reactivity to changes is actually applied
during the simulations. It is important that this process is only considered from the second round, as
there is no decision history in the first round that virtual players can react to.

An important component of responsiveness to changes of the environment is the applied competitor
analysis method. I surveyed what parameters should be taken into account when comparing with
competitors. Based on the answers, I divided competitor analysis methods into three groups in the
simulation:

- follows the best performing competitor,

- follows the best performing competitors ranked by each product,

- follows the best competitors ranked by each product choosing from the best performing
competitors.

Every second respondent indicated that (s)he makes product-based analyzes, which may mean
incorporating to some extent the decisions of three different competitors at the same time. One in five
respondents answered that they would follow the best performing competitor. In this case, the player
first identifies who (s)he considers to be the best competitor in the market according to some criteria
and examines this opponent’s decisions. In this case, contrary to the previous strategy, the player may
also incorporate the opponent's decisions of a product for which the competitor has not performed
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well in the market. The third category is a combination of the previous two. First, the player examines
who are the three strongest competitors based on his/her ranking criteria, then goes on to analyze
these competitors product by product then build the information into his/her own decisions.

Based on the interview responses and my own experience, I have come to the conclusion that during
comparing their competitors players choose profit or market share as a measure of success. It is also
important to note that this choice may change during the game. Although there was a slight increase
over time in the weight of profit, overall, respondents were almost indifferent to the two factors. Of
course, there is a standard deviation of the values that will be better represented by the results of the
simulation. Later, I refer to this choice (i.e. what is more important when ranking opponents: the
profit or market share) as ranking method.

How virtual players rank others consists of three different elements. These are competitor analysis
method, ranking method and previous round result data. The competitor analysis method refers to the
comparison method, the ranking method tells us what is the ratio of the importance of market share
and profit as a ranking criteria, while the previous round data provides figures that are essential for
the calculations. In the calculations, for each competitor, earnings after tax, total revenue, revenue
per product, cost of sold goods per product, and marketing cost per product are used.

In the best-competitor approach, companies are ranked according to profit and market share (or net
sales), and then the two numbers are aggregated, weighted by profit and net sales weights. By ranking
the resulting sums, we get which is the strongest companies in the market by the value judgment of a
given virtual player.

In the best-by-product method, the sorting mechanism is similar to the one above, with the difference
of sorting made not on company but product level. Firm-level profit also includes fixed costs, which
are not involved in the calculations in this case by virtual players only variable costs attributable to
products. Product-level profit is thus calculated as follows:

[profit of the product] = [revenue of the product] — [COGS] — [marketing of the prod. ]

In the combined ranking method the comparison is product-based after choosing only the top-
performing competitors to compare.

4.1.2.1 Responding to the market: the planned market share, and the planned inventory

If there was a closing stock remaining, the projected market share is formed by analyzing the
projected market share in the previous round and the actual results and using the player's flexibility
factor. That means subtracting half of the difference between actual and planned numbers multiplied
by the player's flexibility factor, which can vary from 0 to 1.2 depending on the player’s attitude.
Thus, in practice, the previously planned market share can be reduced by 0-60% of the difference
between the previously planned and actual numbers. Expressed by the formula:

planned { planned ]
planned market actual market player's
market] sharein |— 4 [market] —| sharein +~2 ¥ X | flexibility
share the previous L share the previous J factor
round round
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If there is no closing stock, the player will increase the planned market share. In this case, the
previously planned market share will be increased based on the player’s flexibility attitude, which in
this case may range from 0 to + 54.8 percent. Expressed by the formula:

planned
planned market player's
[market] =| sharein |x| 1+ [|flexibility
share the previous factor
round

The player’s flexibility factor is a random number between the upper and lower limits of the given
dimension.

4.1.2.2 Responding to pricing decisions
In pricing, the decision-maker uses the pricing of the player selected as an opponent should be
followed in case of a particular product. In this case, the decision maker adjusts the difference between
the previously applied price and the price of the selected competitor according to the player’s
flexibility attitude. Expressed by formula:

previous
o pricing of _roun pricing of Slayer's
pricing of | _ | the player pricing of the the player ver’
i ous| t or || . x | flexibility
the player in the previous competitor in the previous o
round selected to round attitude
follow

Replaced by a specific example, if a player applied a 40% price while the player to follow 20%, and
that player's flexibility attitude is inflexible, then the player is going to set its price between 34% and
38%:

[pricing of random number between: 0.1 and 0.3

— 4009 0/, — 400 — 240
the player 40% + (20% — 40%) X in this example 0.2 36%

If the projected market share is below 10 percent or the closing stock is less than 5 percent of the
goods were available for sale, the player applies a strategy of positioning its products higher if the
player earlier used higher pricing than the player’s competitor. In practice, this means that the player
does not approach the competitor with the number calculated above, but move in the opposite
direction to the price by half. In the example used in the previous case, this would mean that the
player would apply a profit margin of between 41% and 43% in the next round.

4.1.2.3 Responding to marketing decisions

Marketing has the same decision-making mechanism as pricing, with the difference that previous
marketing decisions are the initial data, and at the end, marketing budget needs to be weighted across
products.

4.1.2.4 Responding to decisions regarding sales channel

The pricing mechanism is also used for pick-pack points, except that only firm-level comparisons are
possible when ranking opponents, so players are always analyzing firm-level profitability and then
make decisions based on their flexibility attitude.

4.2 Results of the simulation
Simulation is used in multiplayer mode, so the competitive spirit is an important part of the game.
The competition was also an important element in the simulations run for the dissertation. Virtual
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players were compared on several levels in a knockout system. There were 46656 virtual players
competing in 7776 markets during the qualifiers. From each market the players who were ranked first
place based on profit qualified for the next round (Figure 1). In the next round 7776 players competed
in 1296 games, at the next level there were 216 games and so on until the final with six players.
Multilevel competition is of the utmost importance because players have to compete in markets of
different composition. This can best be traced to the fact that while there were 151 virtual players in
the first round of the 7776 market, 32 of them did not qualify to the next round because they did not
win in any market. That is, in the next round, there will be only 119 virtual players. In the third round,
there were only 41 decision-making styles. There were 11 in the fourth round containing 36 games,
3 in the fifth round with 6 games and in the final round also 3 types of decision styles were competing.

In the following analyzes, I will refer to each level as follows:

- 7776 games, 46656 players: pre-qualifying round,
- 1296 games, 7776 players: qualifing round,

- 216 games, 1296 players: sixteenth finals,

- 36 games, 216 players: quarterfinals,

- 6 games, 36 players: semifinals,

- 1 games, 6 players: final.
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Figure 1: Demonstration of the single-elimination knockout system used in the simulation:
first placed players qualify for the next round competing in six-player markets. The figure
shows a competition of 1296 teams in 216 markets

Source: own editing

4.2.1 Fail and success in the pre-qualifying round: looking for the causes

I did not find a clear correlation between advancement and any decision factor, result data. I expect
that advancement depends mostly on the strategy opponents follow, how similar or different they are
compared to the strategy of a particular team. I will analyze this issue below, first through the 7776
games of the pre-qualifying round.

Table 2 shows the results achieved by each player in proportion to the total number of games they
played. While it is interesting how each player performed, how successful they were, it is more
important to look at what opponents they did well or badly. To do this, I ranked the results obtained
in a matrix where I compared the rankings achieved by each player in the presence of other players
in the market (Figure 2).
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Table 2: Rankings of players in the pre-qualifying round as a percentage of 1-6 places,
highlighting the results of the first, middle and last five players

Player i1stplace  2nd place  3rd place  4th place  5th place 6th place

1|PLAYERS4 98,%9% 1,1% 0,0% 0,0% 0,0% 0,0%
2(PLAYERS 89,6% 9,6% 0,7% 0,0% 0,0% 0,0%
3(PLAYER118 86,2% 12,4% 1,2% 0,2% 0,0% 0,0%
4{PLAYERS5 79,4% 17,9% 2,5% 0,2% 0,0% 0,0%
5[PLAYER45 78,1% 18,9% 2,8% 0,2% 0,0% 0,0%
74|PLAYER7 6,3% 17,0% 23,9% 27,2% 20,0% 57%
75|PLAYER106 6,3% 14,9% 23,1% 31,4% 17,8% 6,5%
76|PLAYER16 6,3% 19,0% 27,6% 26,9% 15,6% 4,6%
77|PLAYER129 6,1% 15,0% 25,1% 28,1% 18,8% 6,7%
78|PLAYER27 4,6% 12,7% 20,5% 24,3% 24,1% 13,7%
147|PLAYER133 0,0% 1,0% 2,7% 15,0% 37,4% 43,8%
148|PLAYER134 0,0% 0,0% 1,0% 4,2% 25,3% 69,5%
149|PLAYER135 0,0% 0,2% 1,6% 3,9% 25,2% 69,1%
150|PLAYER141 0,0% 0,0% 1,5% 7,1% 32,5% 59,0%
151{PLAYER145 0,0% 0,2% 1,5% 5,4% 21,3% 71,6%

Source: results of the simulation, own editing

Selected from the data in Figure 2, Figure 3 shows the relationship between PLAYERI and
PLAYER3. The matrix shows the results to the proportion of games played with each other. For
example, when PLAYER3 finished second and PLAYERI finished fifth, it covered 9.7 percent of
the games where they both participated. In addition, the figure shows how successful were the two
players when they both played on the same market in the same time. For example, PLAYER3 won
16.1 percent of the games played together, compared with 8.3 percent for PLAYERI.
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[a a [a a [a a a a a a a a
PLAYER1-1 |O 1 0 O 1 0|0 O 1 0 0 1
PLAYER1-2 2 0 2 2 0 0|0 O O 3 o0 O
PLAYER1-3 1 0 o 3 1 1/f0 1 0 1 2 2
PLAYER1-4 |O 2 5 0 1 1(0 0o 1 0 0 3
PLAYER1-5 1 3 1.0 0 OfO O 1 5 0 2
PLAYER1-6 1 1 0 1 0 O|fO0O 1 O O O O
PLAYER2-1 O O 1 1 1 Oof0O O O O 2 4
PLAYER2-2 2 0 3 4 0 1|0 0 1 1 7 4
PLAYER2-3 12 0 7 1 0|0 O O 0 2 7
PLAYER2-4 | O O O O 2 0|0 O O 0 0 1
PLAYER25 |0 1 0 1 O O|O0O O O O O O
PLAYER26 |O O O O O O|O O O O O O

Figure 2: Detail of the matrix of virtual players’ results in the pre-qualifying round, where
PLAYERX-y represents x for the player and y for the reached position

Source: results of the simulation, own editing
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PLAYER1-4 | 0% 6% 16% 0% 3% 3% |16,7%
PLAYER1-5 | 3% 10% 3% 0% 0% 0% |33,3%
PLAYER1-6 | 3% 3% 0% 3% 0% 0% | 4,2%
16,1% 22,6% 25,8% 19,4% 9,7% 6,5%

Figure 3: Example from the matrix summarizing the results of games simulated in the pre-

qualifying round, where the proportion of results is shown when both player were

participated in the same market (PLAYERX-y represents x for the player and y for the

reached position)

Source: results of the simulation, own editing

These values will have actual meaning if we analyze the results that these players achieved without
the competitor in that comparison, so that we can see the impact of playing with that player. Table 3
shows that PLAYER3 had a positive impact on the performance of PLAYER1 when they participated
in a particular market together.

Table 3: Demonstration of players' impact on other players' performance through the
example of PLAYERI1 and PLAYER3: PLAYERT1’s performance with or without the
participation of PLAYER3 on the same market

results with the participation of  results without the participation
PLAYER3 on the same market = of PLAYER3 on the same market

PLAYERI, Ist place 8.3% 3.4%
PLAYERI, 2nd place 12.5% 11.4%
PLAYERI, 3rd place 25.0% 24.4%
PLAYERI, 4th place 16.7% 26.2%
PLAYERI, 5th place 33.3% 24.8%
PLAYERI, 6th place 4.2% 9.8%

Source: results of the simulation, own editing

For all the players, I examined how the players affected other players’ performance. Six cases could
occur ("+" for positive impact, "-" for negative impact and "n" for no impact):

unknown: no contact between the two players
symbiosis: both players benefit from each other's presence, win-win situation (++)
king-making: one player gives the other an advantage while (s)he performs worse (+ - or - +)
kamikaze: both players are disadvantaged in the presence of the other (--)
unilateral effect

- king-making: one player is assisted by the presence of the other (n + or + n)

- weakening: one player weakens the other's performance but is not affected by the other

player (n- or -n)

no effect: there is no effect on each other's performance (nn)
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In 7.1% of the cases there were no connection between players (unknown). Subdividing the
remainder, the distribution of relationships between players is shown in Figure 4.

® king-making

oo
4, 1°/ﬁo‘

® kamikaze

19,1%
m unilateral, of which king-making

unilateral, of which weakening

13,8%
m no effect

® symbiosis

Figure 4: Breakdown by category of relationship between two players in the simulated pre-
qualifying round

Source: results of the simulation, own editing

Four-fifths of the players were at least once positively affected by the king-making effect or the
unilateral version of it. There is also a high correlation between average positions and the positive
side of king-making (r = .94, p <.001) and the ratio of first places to the positive side of king-making
(r=".88, p <.001). The same is true on the other side: king makers are less likely to qualify to the next
round of the competition (r = .83, p <.001). The other types of effects are not so clearly matched with
effectiveness. The correlation between the kamikaze relationship type and the average positions is
weaker than medium (r = .44, p <.001). The same is true for the symbiosis relationship type, where
there is a weak correlation between the relationship type and average rank (r = .34, p <.001).

There is a strong correlation (r = .86, p <.001) between the ratio of first places achieved by a given
type and the ratio of the effect of king-making. Figure 5 is a detail of the matrix where the results of
the sixteen types is shown when they competed with each other. For example by examining the
relationship between TYPE2 and TYPES based on the data in the figure, it can be stated that 8.4
percent of the games played with the participation of the other type were won by TYPE2 players and
TYPES players were finished second. It can also be stated that 34.1 percent of the games with the
participation of TYPES players were won by TYPE2 players, which is slightly better than against
TYPE4 and TYPESG players.

I examined how each player performed in the presence of particular players, and type of players.
According to this, I distinguished six types of effects, of which ,,king-making” relationship had a
clear effect on the chances of winning. There is also a clear ranking between each player type.
However, it is important to underline that these comments were true in the context of the pre-
qualifying round, so it is important to carry on the analysis at next levels of the competition.
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TYPE4 TYPES TYPE6
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1/00% 31% 2,5% 32% 3,0% 09%|00% 46% 39% 31% 43% 17%|00% 27% 31% 3,5% 27% 2,0%

2(48% 00% 60% 51% 4,9% 2,0%|57% 00% 32% 44% 48% 25%|67% 00% 4,1% 43% 50% 28%

3(64% 39% 0,0% 48% 4,7% 26%|42% 59% 00% 38% 44% 34%|71% 52% 00% 4,0% 4,0% 33%

TYPE1

4158% 3,7% 4,4% 00% 52% 14% |42% 3,7% 43% 00% 32% 21% |43% 34% 34% 0,0% 32% 3,2%

5(37% 28% 22% 32% 00% 17%|36% 20% 4,1% 30% 00% 36%|49% 35% 28% 29% 00% 28%

6(17% 15% 2,1% 14% 14% 00% |14% 14% 11% 06% 20% 00% |17% 12% 07% 0,.8% 08% 0,0%

1/00% 72% 73% 79% 63% 33%|00% 84% 7.8% 60% 65% 54%|00% 83% 70% 7,1% 60% 42%

2136% 00% 3,5% 38% 22% 13%|41% 00% 40% 35% 25% 14%|57% 00% 35% 3,8% 27% 24%

3129% 29% 0,0% 33% 28% 14%|30% 35% 00% 25% 20% 19%|33% 23% 00% 21% 23% 16%

TYPE2

4131% 30% 3,6% 00% 1,7% 14% |26% 4,0% 28% 00% 24% 1,1% |42% 3,0% 25% 00% 28% 1,7%

5(32% 26% 3,7% 44% 00% 14%|20% 32% 23% 26% 00% 17%|33% 28% 24% 24% 00% 17%

6(24% 12% 25% 30% 30% 00%|19% 30% 28% 20% 29% 00%]|29% 30% 14% 1,7% 19% 0,0%

Figure 5: Distribution of results achieved by player types in pre-qualifying round by
competitor and position for each type

Source: results of the simulation, own editing

4.2.2 Fail and success in the qualifying round: deviations from the pre-qualifying round’s results
Examining the results of the pre-qualifying round, it has already been shown that it is not the used
strategy that determines the chances of success, but the effectiveness of the strategy used in relation
to specific opponents. It is worth comparing the winning percentage of each player according to the
results in the pre-qualifying and qualifying rounds. For example while Table 2 showed that
PLAYER94 won all the markets except for one in which PLAYER94 competed, the qualifying round
had different results in markets with different player combination. PLAYER94 was still the second
best player to win, but won only 59.6 percent of the games (Table 4). Five of the first six players were
the same in pre-qualifying and qualifying rounds, only their ranks changed. After them, however, the
order of the players changed significantly. The degree to which these players emerge from the market
has declined significantly. While the top five virtual players in the pre-qualifying round won an
average of 86.4 percent of their games, the top five players in the qualifying round have won only
55.2 percent of their games on average. Table 4 shows the proportion of the top five players’ positions
in the qualifying round.

The number of different decision styles has been significantly reduced in this round. 119 players
started the qualifiers and 41 players succeed to qualify to the next level. For the next 216 games and
1296 players, there is a significant concentration in the various decision styles. Eight players (19.5
percent of the players) account for 78.3 percent of the players.

In the qualifying markets, I also examined the interactions between players in different market
compositions. The big change compared to the pre-qualifying round is that there were far fewer
»kingmaker” players. While in the pre-qualifying round, four-fifths of the players were at least once
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positively affected by king-making or its unilateral version, in the qualifying round it was only 36.1
percent.

Table 4: Results of the top five players in the qualifying round, ranked based on the ratio of
first places by each player

Player 1stplace 2nd place 3rdplace 4thplace 5thplace 6thplace
1|PLAYERS 77,4% 18,7% 3,3% 0,6% 0,0% 0,0%
2|PLAYER94 59,6% 26,6% 10,6% 2,1% 1,1% 0,0%
3|PLAYERSS 57,9% 31,0% 10,2% 0,9% 0,0% 0,0%
4|PLAYER118 49,9% 35,0% 10,8% 3,8% 0,5% 0,0%
S5|PLAYER12 34,4% 33,2% 21,2% 10,0% 1,2% 0,0%

Source: results of the simulation, own editing

There is also a weak correlation between the average positions and the positive side of the king-
making (r = .34, p <.002), and the ratio of first places to the positive side of the king-making (r = .34,
p <.002). There was no significant relationship with other factors (even at p <.05 level). Since, despite
the weak relationship, king-making showed the strongest relationship with the ratio of game-winning,
so I continued to study this by player types. The correlation has weakened compared to the pre-
qualifying round, but is still moderately strong between the ratio of wins and the ratio of king-making
(r =.55, p <.03). The success of each type (ratio of winning) and their ranking have significantly
changed compared to the pre-qualifying round. The types in the first and last two places remained
unchanged, but there was a major rearrangement between them.

4.2.2.1 FEvolution of player composition from round to round

In the third round, 1296 players competed in 216 markets. This 1296 players consisted of 41 different
styles of decision making, which is the number of different players who won a market in the previous
qualifying round. The highest number of players in this round is PLAYERS with 281 players. They
are more than the simulated markets in this round, so it was allowed to compete for more players with
the same decision style in the same market. In the fourth round of thirty-six games, there were 11
decision styles. In the fifth round of six games, there were three decision styles with 36 players, and
these three final decision styles were in the final too.

4.2.3 Success by player type

Table 5 shows what percentage of players of a particular type in the previous round made it to the
next round. It is important to display the data in this way, as this will make it clear which particular
player type has been favored or disadvantaged by the particular features of the round.

In the pre-qualifying markets, each type was distributed almost evenly as competitors. This was a
requirement in the draw for that round. Accordingly, the data in the qualifying column in Table 5
shows how players perform in a market composed of 16 types. Under these circumstances, TYPE2
players were the best performers, with one-third advanced, while worst was TYPE14 players, where
almost all (99.5 percent) players were eliminated. The qualifying round also apparently favored
TYPE2 players, with half of the games (49.6 percent) being won by this type of player. The
composition of competitors has changed considerably. While in the first round almost every
competitor could have an opponent with almost equal chances (the probability of getting each type
of competitor as an opponent was between 6.0% and 6.7%), there were significant differences in the
next rounds.
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Table S: Percentage of players of a given type qualified from the previous round to the next

round

qualifying round sixteenth finals  quarterfinals semifinals final
TYPE1 17,8% 17,2% 28,4% 24,0% 16,7%
TYPE2 33,3% 49,6% 25,2% 10,1% 16,7%
TYPE3 21,7% 4,1% 0,0% - -
TYPE4 22,8% 17,6% 39,8% 40,0% 16,7%
TYPES 19,9% 7,0% 0,0% - -
TYPE6 25,0% 28,8% 4,6% 0,0% -
TYPE7 26,8% 13,1% 1,0% 0,0% -
TYPES 25,2% 7,2% 3,8% 0,0% -
TYPE9 10,6% 3,6% 0,0% - -
TYPE10 11,2% 0,6% 0,0% - -
TYPE11 14,0% 10,9% 2,3% 0,0% -
TYPE12 4,4% 0,0% - - -
TYPE13 9,6% 1,8% 0,0% - -
TYPE14 0,5% 0,0% B . =
TYPE15 12,6% 14,6% 9,1% 0,0% -
TYPE16 11,8% 19,1% 11,9% 0,0% -

Source: results of the simulation, own editing

Similarly for TYPES players it can be observed, that while in the first round the quarter of these
players have made it to the next round, tha success ratio of TYPES players fall to 7.2% in the next
round. This was also due to the fact that, in the first round, the odds of competing against each type
varied between 6.0% and 6.7%, while in the next round it was more likely (13.0%) to be the opponent
of the previous round’s best performer TYPE2 players. 0.23 percent was the chance of being the
opponent of a TYPE14 player, which type’s players was weaker than TYPES players.

4.2.4 The impact of players' competitor analysis methods on success

I analyzed what style attributes each player had and how they influenced their performance. During
the simulation, 9331 games were played. These included 151 different players representing 16
different playing styles. The 16 styles are distinguished by their intended market share, product
orientation and degree of flexibility to changes.

In my model of virtual players reacting to competitors' actions, players first ranked their opponents
according to a specific method, then reacted to the decisions of the chosen competitor to the extent
of their behavioral dimensions. Below, I examine to what extent the decision-making behavioral

dimension contributed to the success.

Players took into account two factors in their ranking process. Whether the product or company-level
approach, or a combination of both was the basis for the analysis when an agent ranked its opponents
was called as competitor analysis method. I called it ranking method when the player decided that
profit or market share was more important by ranking the competitors. This may have changed
depending on which stage the game is in. Table 6 shows the success rate of different competitor
analysis methods over the entire competition. Product-level analysis may appear to have yielded
better results, but relationship analysis showed only weak correlation (H = 0.168).
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Table 6: Distribution of competitor analysis methods by success rate across the entire
competition (9331 games)

Product-level Company-level Combined

1st place 22.1% 14.5% 10.9%
2nd place 17.6% 16.8% 15.2%
3rd place 16.3% 16.2% 17.7%
4th place 15.6% 15.6% 19.2%
5th place 14.4% 17.8% 18.8%
6th place 13.9% 19.2% 18.1%

100.0% 100.0% 100.0%

Source: results of the simulation, own editing

The weight of profit versus market share in competitor rankings was weakly correlated with the
market-by-market rankings in the second round (r = .10, p <.001), then gradually weakened further.
In the third and fourth decision rounds the relationship was even weaker (r = .06, p <.001, r=.09, p
<.001).

The relationship between market rankings and the flexibility of reactions to competitors’ actions was
also weak (r=".11, p <.001).

Overall, both in case of competitor analysis and ranking methods is valid to state that it is not a
generally identifiable method or decision point that is decisive for the success, but the composition
of a given market.

4.3 Confirmation or refutation of research hypotheses
Based on the results of my doctoral dissertation and related research, I evaluate the hypotheses
formulated in the introduction of the dissertation as follows.

1. hypothesis (H1): There will be well distinguishable decision styles and typeable behaviors. A
generalizable model can be set up that combines the most important decision aspects of the players.
Based on my experience as a business simulation player, and later as a business simulation
competition organizer and simulation trainer, as well as the results of interviews and questionnaires,
I was able to highlight the main points that made it possible to set up 16 different types of players. I
have classified these types according to the players’ intended market share, the degree of flexibility
to change, and their product focus. It is also important how players rank their opponents. There are
two basic elements to this. One decides which method to rank opponents on, and the other assigns
weights to compare each factor. Players either analyze market results by product, or make
comparative calculations per player, or a mixture of them (selecting the top 3 companies and then
doing product level analysis). After selecting the comparison method, the two determinants by which
players are ranked during the comparison were profit and market share achieved. The extent to how
profit or market share is taken into account depends on the stage of the game. Therefore, I consider
the H1 hypothesis to be validated.

2. hypothesis (H2): It is possible to rank the players in terms of performance, meaning how effective
each decision style is in a competition.

Based on the results of the 9331 simulations presented in the dissertation, it can be stated that in a
given competition, in certain circumstances players can be ranked. However, it is also true that the
strategy used cannot be examined solely in itself, but depends on the strategy used by the opponents.
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It is not generally possible to speak of a winning strategy under all circumstances. Therefore, the H2
hypothesis was only partially confirmed.

3. hypothesis (H3): Players who react more flexible are more successful in a business simulation
game.

Based on a questionnaire survey, I created virtual players with 151 different decision styles
representing a mix of flexible and inflexible players. These players competed against each other in
9331 games, in six-player markets of various compositions. The relationship between rankings and
flexibility of reactions was weak (r=.11, p <.001), so I reject the H3 hypothesis.

4. hypothesis (H4): At database level, players' decisions can be made measurable focusing on

consciousness.

Since based on the results of the dissertation, I believe that the thinking of the players should be
evaluated, so I do not consider rationality to be measurable only at the database level in the current
form of simulation. This will in any case require additions that collect data on the player's thinking.
However, based on this data, it is possible to make objective analyzes that will advise the player when
his / her decisions and his / her aims are not consistent with each other.

The evaluation of awareness primarily requires qualitative analytical work by the educator. It is an
important educational role to assess student decision motivation. One way to do this is to ask players
as ,,management” for a presentation to be held for the audience who are representing the ,,owners” of
the company. They present the main cornerstones of their company operations and report on how
their ideas have been realized. The advantage of this method is that other players can ask questions,
so that different views can be debated and participants can learn from each other. Therefore, the H4
hypothesis was only partially confirmed (Table 7).

Table 7: Confirmation or refutation of research hypotheses

Nr of the

Content of the hypothesi Result
hypothesis ntent of the hypothesis esu

There will be well distinguishable decision styles and typeable behaviors. A
H1 generalizable model can be set up that combines the most important decision confirmed
aspects of the players.

It is possible to rank the players in terms of performance, meaning how effective

H2 each decision style is in a competition. partially confirmed
H3 Players who react more flexible are more successful in a business simulation game. rejected

At database level, players' decisions can be made measurable focusing on .
H4 partially confirmed

consciousness.

Source: own analyses

4.4 New scientific results
1. I found that the significance of homo oeconomicus is not the selfish profit-maximizing
behavior, but its adherence to rationality. Homo oeconomicus behaves logically and
consistently during profit maximization. Based on this homo oeconomicus can be a basis in
theoretical assumptions.
2. I have found that it is not necessary to distinguish between rational decision-making and

norm-driven action, because on the one hand, they are confused in the mind of the decision-
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maker and generally cannot separate them and on the other hand comply with or violating the
social norms leads to a result which can be made part of rational consideration.

I surveyed the decision-making mechanisms of participants in business simulation
competitions. I have identified the most important style features of decisions. These are
attitude towards market share, responsiveness to opponents' decisions, different types of
competitor rankings, and changes in the importance of market analysis factors (profit or
market share) according to the actual round of the game.

I surveyed the occurrences of different decisions in certain decision situations, then
categorized them and created virtual agents, creating 151 different decision styles and 16
different decision types.

Using the surveyed decision-making behavioral dimensions and decision-making style
features, a self-developed program was developed to simulate decision-making mechanisms
that was coupled with a (partially) self-developed business simulation game that simulates
competition between commercial firms in an oligopolistic market. The success of different
strategies depends almost exclusively on the market composition.

5 CONCLUSIONS, RECOMMENDATIONS

From the results of my doctoral dissertation and the related research I made the following conclusions:
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1.

*®

In business simulation games, it can be generally stated that players determine an important
point in their own decision-making process and then adjust the rest of the company's decisions
to this first decision.

During the analysis, a distinction should be made between first-round and further-round
strategies.

In terms of market share, two main strategies can be distinguished: defensive and expansive.
Reaction to opponents also moves on a flexible-inflexible scale. It has also been found that
different methods are used by players when comparing opponents.

Based on my own experiences and the interviews, one of the difficulties of measuring rational
decisions in simulation games is that the goal-oriented behavior can evolve during play as
well.

An important observation is that, based on interviews with both the players and the simulation
developer interviewees, the experience of the interviewees was that the players generally
behave inflexible, meaning that their initial strategy largely determines their subsequent
decisions.

During a competition, players do not know their opponents before starting a game, but they
still use different methods to estimate their expected performance (e.g. rank the players by
institute). In different levels of the competition, players of different strengths are
automatically assumed, so their strategy is adjusted accordingly (they expect an ever-
declining share).

Extreme risk-taking is significantly limited by teamwork.

There are several models of rationality that a player can fit, there is no one good solution.
When measuring rationality, the process and thinking of players should be analysed instead
of only analysing the results. Decisions should be considered in the light of whether or not it
was consistent with the player's goals. The goals of the player must be compared with the
goals of the game and drawn to the player's attention if (s)he has set inappropriate goals.



10.

11.

12.

13.

14.

The rate of use of business simulations in business education in Hungary lags behind that of
American business schools, where they have relied heavily on this method since the 1960s.
Progress has been made in recent years, but in 2018 only 45% of institutions that have a
significant weight in Hungarian business education or have a significant business/economic
profile used business simulation games in their educational activities. Hungarian business
simulation based education has room for growth not only in quantity but also in quality. In
my experience, while in the past the method was not known enough by academia, nowadays
issue of financing brings barrier of spreading business simulations in academia.

Since as I primarily talking about educational simulations, it is very important from a
pedagogical point of view that there is a strong affirmation that there is no universally
applicable successful decision scheme, but the player should always adapt to the given
situation. As more and more simulations appear in education, it is important to draw educators'
attention to evaluate results flexible so that they do not argue for a specific strategy but place
it in a broader context.

Successful play requires not only flexibility but also the ability to innovate. In the simulation
model, players only responded to previous round decisions of their opponents, but basically
lacked the ability to radically renew their strategy, meaning that in a given situation, not only
would a player follow or outperform competitors, but would set up a brand new strategy not
independent of the situation, but independent of each opponent. It is often the case that
copying and following competitors is not warranted, for example, when there is little
difference between opponents and they make similar decisions, a radically different decision
can result in a decisive difference between the competitors and the player.

In any case, optimization of relative position is required in a business simulation competition
where the goal is to achieve the best possible position for a given player in a given market
based on a specific benchmarking system. However, this leads to the fact that a player with a
high loss in absolute numbers can succeed if (s)he has the lowest loss in the market. Therefore,
it may be worth considering other criteria for advancement, where profit is not the basis for
advancement, but the marginal condition. For example, the largest market share is the
benchmark and thus the criteria for qualifying the next level, but loss-making firms
automatically fall out of the competition.

Further area of research might be to run analyzes of real-world player decisions, including the
possibility of human error and mixed strategy decisions. However, this requires a sufficient
number of samples.

6 SUMMARY

In the literature review definitions of decision making were classified and the evolution of rationality
in economics were analyzed. Game theory was also an emphasized part of the literature. Focusing on
business simulations, particular attention was paid to the taxonomic classification of business
simulations. The historical overview, the current usage level of business simulations and how
business simulations fit into the Hungarian education were also analyzed. The effectiveness of
feedback was highlighted as a key factor in increasing the learning outcome available through
business simulations. The current state of rationality measures in business simulation games were
presented.
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The main goal of the literature review was to explore the basis of rationality and effeciency measures
can be used in the simulation model and to formulate a conclusion that the player is considered
rational if the player makes the decisions needed to achieve his or her goals, and they are consistent.
This thought was the cornerstone of further analysis and modeling.

Following a comprehensive literature review, I based my findings on three main methodological
elements. My previous business simulation experiences gathered as participant of business simulation
competitions, student and later as competition organizer and business simulation developer have been
complemented with the insights, comments and experiences of successful business simulation players
and developers/competition organizers. Six interviews were made with them. The information I have
obtained during the interviews was used to create a questionnaire survey. With the survey answers
my goal was to use them to form virtual players. These virtual players or agents were placed in a
(partially) self-developed business simulation game where they competed against each other on
different markets with different players. There were 151 types of decision-making styles that were
classified into 16 types of decisions. The decisions were made by the agents in the light of previous
results, according to their own decision-making style using predetermined decision model. The self-
made decision-making model was built in the framework of the dissertation. During the analysis |
searched for factors that help a player to win.

To evaluate the results it is worth recalling the famous competition of Axelrod (1980) presented in
the literature review. The goal of the competition was to compare the strategies applied in the
prisoner’s dilemma. Programs sent by researchers who published about the prisoner’s dilemma were
competed against each other. The competition had a round-robin style where everyone played against
each opponent (and even with themselves). In the competition, the achieved score and not the number
of winning matches gave the final result, which led to the victory of the tit-for-tat (TFT) strategy. In
the work that criticizes the results, Rapoport et al. (2015) pointed out that the victory of the TFT
strategy was largely due to the execution and the scoring of the competition, so it was not in itself the
overall success of the strategy.

The main virtue of this thesis is that the data clearly show that not the individual strategies guarantee
success, but the players' composition of the given market influence success. Although it was possible
to announce a winner in the simulations ran by me, or to be able to talk about “kingmaker” players
under certain circumstances, such as in the Rapoport analysis, they are not winners or kingmaker-
players in general, but they become those due to the given composition of competitors.
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