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Abstract

How do people make their decisions? Searching for the answer in the relevant literature, we can find that decisions are based ei-
ther on rationality or intuition. Rational thinking is mainly observed in situations characterized by certainty (in terms of data or the
consequences of decisions), while heuristic intuitive methods are mainly observed in situations of uncertainty. Training for the
enhancement of decision making skills usually employs problem-based activities which mainly focus either only on rationality
or only on intuition. However, problems in real life cannot always be solved with the contribution of only one way of thinking. In a
decision making process often rationality works up to an extent and then intuition will lead to the final decision. For this reason,
we designed and developed a game-based learning activity that enhances both rational and intuitive decision making skills. More
specifically, we created a decision scenario in a virtual environment in which participants were provided with uncertainty-based
information in their decision making process. As they tried to follow a rational decision making process, most of them realized
that based on the given information they were confused and they had to decide intuitively at the end. This experiential learning
activity was a tickler for the participants to decide under uncertainty and trust their intuition.

Keywords: Uncertainty, Decision-Making, Uncertainty-based Information, Game-based Learning Activity, Serious Gaming, Virtual
Environment
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Introduction

Traditional decision theory mainly focuses on three basic
stages (Simon, 1960): intelligence activity, design activity,
and choice activity. In case there is ambiguity of intelligence,
e.g., due to the limitation on the reliability of the information
source, then the context in which the decision should be
made is characterized by uncertainty (Han et al., 2011). In
this case, the decision maker is often faced with dilemmas,
as uncertainty factors do not allow him to choose a course of
action easily and rationally (Lipshitz & Strauss, 1997). From
another point of view, uncertainty at the initial stage of a deci-
sion making process can be a motivation for further studying
and analyzing the existing intelligence (Bammer, 2013).

In general, there are two models of thinking: system 1 in which
someone thinks quickly and intuitively; and system 2 in which
someone thinks slowly and uses the analytical thinking ap-
proach (Hogarth, 2001; Kahneman & Frederick, 2002; Sloman,
1996). Most decisions are made intuitively by an unconscious
thinking system, system 1 (Kahneman, 2011). Heuristics and
biases guide system 1, while rationality and analytical think-
ing guide system 2 (Tversky & Kahneman, 1974). In uncertain
environments, the decision-making process is mainly based
on intuition, in contrast to rationality which is mainly observed
in environments of certainty (Agor, 1986; Burke & Miller, 1999;
Marchisotti et al, 2018). Moreover, under uncertain situations,
people tend to develop heuristic mental judgment processes
based either on similarities to other situations, or by compar-
ing similar cases or correlating them with known data (Tver-
sky & Kahneman, 1974; Mousavi & Gigerenzer, 2014).

The development of attention and memory functions through
appropriately oriented decision-making training, mainly based
on assessment and analysis of the situation, can help in
making quick and instinctive decisions (Kahneman, 2011).
In other words, in case we want to train people in system 1
thinking (intuitive), we must train them in system 2 thinking

(analytical), as system 2 can influence how system 1 works
(Kahneman, 2011).

Based on the above-mentioned theories that training for sys-
tem 2 can enhance system 1 thinking (Kahneman, 2011) and
system 1 thinking is mainly used in decision making under
uncertainty (Marchisotti et al, 2018), we developed a game-
based learning activity in a digital simulation environment

(ARMA 11I) for the purpose of:

+ Empowering the analytical thinking system of the partici-

pants, by forcing them to organize the information received
during the game in order to be able to later analyze them
and base their final decision on rationality (system 2 train-
ing);
Introducing uncertainty factors in the gameplay, by provid-
ing uncertainty-based information in order to enable par-
ticipants to understand that the analytical thinking system
cannot always lead to a decision. In that case, other ap-
proaches should be followed, such as intuition or previous
experience to reach a decision (system 1 training).

In that sense, our work contributes to the following:

- Proposes the design of a game-based learning activity for
the enhancement of decision making skills through experi-
ential learning.

- Coordinates the training of the two models of thinking (ra-
tional and intuitive) in one learning activity.

- Confirms that in uncertain situations, intuition plays a sig-
nificant role in the decision-making process.

The rest of the paper is organized as follows: Theoretical part
section states the objectives of game-based learning, analy-
ses the term of uncertainty and defines the functions in the
decision-making process under uncertainty. Following that,
the principles of the design of our game-based learning ac-
tivity are described. The next section then presents the as-
sessment of the activity and discusses the results. The paper
closes with the concluding section.

(o)
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Theoretical Part

Game-based learning

The use of games in different aspects of life finds its roots in
the ancient world. In ancient Egypt but also in ancient Greece
and later in the Roman era, games were used to facilitate
decision-making processes in war (Hammond & Potzsch,
2019). A board-game with one king, ‘hnefatafl, was used by
the Norse as a war-game around 400 AD (Schulte, 2017).
Similarly, there is evidence that the ancestor of modern chess,
called ‘chaturanga’, was also used as a war game around the
seventh century in India (Young, 2004). In the 1800s, other
games found use for military training as war-games such as
kriegsspiel supported by the Prussian Chief of the General
Staff which was enriched with 26 battalions, 40 squadrons,
12 batteries, 1 pontoon train, rulers and dividers for calcu-
lating distance during the gameplay in the maps, a dice for
deciding which actions should be taken and a manual for the
game rules (Peterson, 2012). In modern times armed forces
during World War Il frequently used war games to facilitate
commanders’ decisions (Mietzner & Reger, 2005). A team
had the role of the enemy and another team had the role of
friend forces. Every team had to make its strategic decisions
according to the other's team actions. From then on, many
types of games have been used to support training activities
and learning goals (Coleman, 1971). Currently, the develop-
ment of ICT tools offers greater opportunities for game-based
learning, e.g., computer games, video games. Virtual reality
environments can enhance game-based learning activities, as
they offer immersion in virtual worlds and thus can simulate
real life decision cases with high precision (de Freitas, 2006).

In game-based learning activities, various scenarios (interac-
tive or non-interactive) are used as basic tools of the teaching
and learning process (Clark, 2009). As a result of the use of
scenarios, many active learning strategies (such as problem
solving) are supported and students are given the opportuni-
ty to learn and apply their learning to real-world experiences

40

(Errington, 2005). Students work through a story, based on a
problematic situation that they are asked to solve. In other
words, students apply their knowledge, critical thinking and
problem solving skills in a safe environment that resembles
the real world (realistic learning environment). Errington
(2010) points out that learning scenarios aim to promote
deep learning and awareness by involving students in realistic
critical incidents. In that way, learners are forced to consider
a wide range of factors, make decisions and think about the
results of their actions in an insightful way.

In evaluating the studies that have been carried out on learn-
ing through scenarios in electronic simulation environments,
Hew and Cheung (2010) highlighted the following character-
istics in every learning simulation:

- The existence of a scenario (in which narratives and/or
representations take place) providing the basis for a sim-
ulation.

Interactive scenarios based on communication which of-
fer opportunities to students for exchanging information in
verbal and non-verbal forms.

- Students learn by doing (experientially); first they act and
then they observe their results; in other words, they reflect
and gain new experiences.

In our approach, we have followed a slightly different approach
from traditional scenarios in game-based learning activities
since we do not separate friends and enemies (so participants
cannot decide who to trust) and in parallel we attempt to rein-
force the experiential learning of the participants by enabling
them to visualize the results through the virtual environment as
it will be described in the corresponding section that presents
the design of our game-based learning activity.

Uncertainty
Uncertainty can be defined as any sense of doubt that can

block or delay action (Lipshitz & Strauss, 1997). Uncertain-
ty is found in almost all scientific disciplines (philosophy,
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economics, statistics, physics, meteorology, engineering, psy-
chology, etc.) with small differences in the factors that cause
it (Fischhoff & Davis, 2014). For example, in the science of
meteorology uncertainty can be related to the change of an
air mass or the change of a barometric (physical factors),
while in psychology, uncertainty can be related to personality
characteristics of individuals (human factors).

Uncertainty is characterized by a lack of information about

a topic of interest or a state of limited knowledge in which it

is difficult or impossible to predict the future developments

of the topic (Cuzzolin, 2016). The factors that consist the key

influences of uncertainty are the following (Han et al.,, 2011):
Possibility, which exists because the future cannot be ac-
curately determined.

+ Ambiguity, which exists due to limitations in the reliability or
adequacy of information.

+ Complexity, which exists because of the characteristics
of the available information that make it difficult to under-
stand.

It should be emphasized that the term “uncertainty” is dif-
ferent from the term “risk”, where it is often used to express
an uncertain situation. Risk is a result of uncertainty, i.e., all
risks contain uncertainty, but not all uncertain situations are
characterized as risk situations (Toma et al,, 2012). Situations
involving risks are characterized by known components of
uncertainty, which if they are present then they will affect the
developments of the situation (Toma et al., 2012). On the con-
trary, uncertain situations contain components which may
still be unknown. In case these components appear, they may
affect the development of the uncertain situation in an unex-
pected way from the initial assessment. Furthermore, in the
case of uncertainty, new information may modify a person’s
initial assessment, while in the case of risk any new informa-
tion maintains the same degree of risk (Dobbs, 1991).

In our game-based learning activity, we used the term un-
certainty in order to express uncertainty-based information.

Information can be “incomplete, imprecise, fragmentary, not
fully reliable, vague or contradictory or deficient” and thus may
result in different types of uncertainty (Klir & Wierman, 1999).
Moreover, uncertainty-based information cannot lead deci-
sion makers in a direct decision, as the information includes
aspects that must become clearer in order to be more useful
in the systematic process of decision making. In that sense,
we engaged in our scenario intelligence sources which devel-
oped a complexity in the situation due to the contradictory
information they spread. The effect of this specific adoption is
that decision makers can be led to different results consider-
ing different pieces of information. Moreover, uncertainty was
also enhanced by the fact that the reliability of the information
sources could not be assessed by the participants as it will
be presented in the corresponding section that presents the
design of our game-based learning activity.

Decision making process under uncertainty

Decision making can be defined as the process of choosing
between two or more alternatives in a problematic situation,
or the process of choosing between two or more actions in
situations with challenges, opportunities, etc. (Eilon, 1969).
Choosing between proposed solutions or actions in a prob-
lematic situation and implementing solutions or actions cho-
sen aims to improve the current situation and achieve a final
desired state (Anderson et. al.,, 2012).

Decision making can be applied in an environment of either
certainty or uncertainty. In case of uncertainty, decision-mak-
ing becomes a more complex and multidimensional process
(Xiong et. al,, 2014). In the decision making process, uncer-
tainty is characterized as one of the most critical factors as
it can cause deviations in the choices of those involved (van
den Heuvel et al., 2011). Furthermore, uncertainty in the deci-
sion-making process can have many dimensions which must
be clearly defined before starting the actual process (Sniaz-
hko, 2019). In many cases, uncertainty is confused with the
error, deviation, or precision of the results but also with the

41
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verification or validation of the results (Trucano et. al., 2005;
Cunha, 2017). In practice, the lack of clear distinctions be-
tween the different dimensions of uncertainty does not help
to correctly perceive the real dimensions and variables of the
environment and subsequently leads to dangerous and unjus-
tified decisions (Brouthers, 1995).

The degree to which uncertainty affects decision-making
varies in each uncertain situation. Not all people deal with
uncertainty in the same way in a decision making process,
as there are subjective methods of determining uncertainty.
Every decision maker considers different factors of uncertain-
ty in the decision making process, so there is a variation on
the results (Bammer, 2013; Gluckman, 2016; Sniazhko, 2019).
On the other hand, if there is uncertainty in a decision mak-
ing process, this does not necessarily mean negative effects
on the results of the decisions (Wheeler et al., 2020). There
is a high likelihood that that uncertainty can lead to positive
effects, especially when uncertainty is detected in the initial
stages of research studies, where it becomes a driving force
for initiation (Bammer, 2013).

The decision making process can be based on either rational-
ity or intuition (Marchisotti et. al, 2018). Rationality is mainly
observed in environments of certainty, where there are spe-
cific choices with predictable outcomes. Decision making is
based on rules and models that lead to rational decisions with
the help of tools such as flow charts, affinity diagrams, cost/
benefit analysis, decision trees, etc. (Leitdo, 1993; March,
1994). However, in case the decision making environment is
characterized by uncertainty, where either there is contradic-
tory information for a given situation, or information whose
reliability cannot be assessed, then rationality does not sup-
port the decision making process (Marchisotti et al, 2018).
Instead, decisions are made mainly intuitively.

Intuitive decision making is used in situations where there is
a lot of uncertainty, there is a lot of contradictory information,
there are no comparable similar situations from the past and

there is also time pressure (Agor, 1986). According to Tversky

and Kahneman (1974) under uncertain situations people tend

to develop heuristic mental judgment processes based on the
evaluation of the following factors:

+ Representativeness or similarity to other situations, when
they are asked to judge the probability that an event be-
longs to a certain group of events.

- The availability of similar cases or scenarios when asked to
assess the frequency of a particular development.

+ Correlation with known data, which is known as cognitive
bias or anchoring, where it is mainly used in numerical pre-
diction when a relevant value is available.

Lipshitz and Strauss (1997) have distinguished two main di-
mensions by which uncertainty in the decision making pro-
cess can be understood. The first is the uncertainty at the
stage of gathering information from the sources, e.g. incom-
plete or contradictory information. The second dimension of
uncertainty concerns the decision, e.g., the results, the final
situation or the alternative solutions.

Considering all the above details of decision making under un-
certainty, it is easy for someone to understand that targeting
training in order to develop or enhance decision skills is not
an easy issue. The balance of rationality and intuition in every-
one’s thinking process depends on the decision case. The de-
sign of a game-based learning activity which combines both
the uncertainty factor in a decision situation and a compre-
hensive engagement of the two different thinking processes,
posed a challenge for us.

Design of a game-based learning activity for
decision-making under uncertainty

Games as educational tools can enhance various skills of de-
cision makers (Lauche, et. al,, 2009). This can be achieved if
the game is based on a complex scenario which leads to a
dilemma or an unusual situation (Flin, 1996). Especially, when
joining simulation situations, learners can gain experience
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and accumulate memories that will lead them to a rapid re-
sponse and to accelerate their reaction capacity in similar
future situations.

As mentioned in the theoretical part of the paper, there are two
ways of thinking in the decision making process, generally ac-
cepted as system 1 and system 2. (Hogarth, 2001; Kahneman
& Frederick, 2002; Sloman, 1996). System 1 enables us to de-
cide intuitively and in a strict time frame (Kahneman, 2011)
while system 2, which is based on the analysis of the situa-
tion, facilitates rational decision making in a more relaxed time
frame (Kahneman, 2011). Using system 1, one can recollect
someone’s appearance to spot them in a crowd spontaneous-
ly and quickly. On the other hand, selecting Hawaii as a place
for summer holidays is helped by system 2, when someone
is looking for interesting places to visit and relax. The latter
decision is usually made according to the available financial
budget, the vacation duration, the desire for swimming, various
environmental factors, etc. which are rationally analyzed.

There are a lot of serious games that can be used for decision
making training to reinforce system 2. Companies, for exam-
ple, usually use management games, also known as tactical
decision games, to strengthen the decision skills of their per-
sonnel (Janodia et.al.,, 2008). Usually, a problematic situation
is first presented and then the trainees follow the steps of
gathering information, assessing the collected information,
developing the relevant courses of action, evaluating them
and finally choosing the most suitable alternative. In other
words, through this process, the participants of this type of
management games enhance their system 2 way of thinking.

On the other hand, most of our daily decisions are made by
following system 1 way of thinking, which means that they
are based on intuition (Agor, 1986; Marchisotti, 2018). Further-
more, in uncertain situations, decisions are made intuitively,
in other words system 1 is mainly used (Kahneman, 2011).
Based on Kahneman's theory, training for decision making
with system 1 includes the development of the functions of

attention and memory. Training oriented towards the assess-
ment and the analysis of a situation can help in making quick
and instinctive decisions and thus improve both system 1 and
system 2. In other words, system 2 has some ability to change
the way system 1 works, so training for system 2 can also be
considered as training for system 1 (Kahneman, 2011).

Based on the above-mentioned theory, there is a need for a
synchronized effort of building training activities that follow
the rules of system 2 way of thinking, in which the final deci-
sion should be based on intuition, according to system 1. In
that way, decision makers will follow all the steps of an analyt-
ical and rational decision process and will gain experience in
intuitive decisions simultaneously.

In this context, we designed a game-based learning activity
which empowers the analytical thinking system of the partic-
ipants by forcing them to organize the information received
during the game in order to be able to later analyze that infor-
mation and base their final decision on rationality (system 2
training). At the same time, we introduced uncertainty factors
in gameplay by providing uncertainty-based information in or-
der to enable participants to understand that the analytical
thinking system cannot always lead to a decision, in which
case other approaches should be followed such as intuition
or previous experience to reach a decision (system 1 train-
ing). The anticipated benefit for learners was the experience
gained from their engagement in an intuitive decision making
process, as well as the enhancement of their memory ability
and attention to details, something which also enhances the
analytical decision making process.

In our activity, we used the term uncertainty in the context of
uncertainty-based information and more specifically in order to
express the ambiguity of the information that guided the final
decision, as information sources shared contradictory informa-
tion or information whose reliability could not be assessed. As
a result of the existence of contradicting information, learners
were led to uncertainty at the stage of their final decision.
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For the purpose of our game-based learning activity, we cre-
ated a hypothetical scenario enriched with all the necessary
plot elements to put the participants in a situation in which
they have to make their final decision under uncertainty. To
assess our activity, we used an open world realism-based en-
vironment (Arma Ill by Bohemia Interactive) to develop all the
aspects of our scenario with all possible endings. In this way,
participants could not only make their decisions based on the
collected information but were also able to visualize the out-
come of their decisions.

Game-based learning activity scenario

The scenario of the game-based learning activity described a
situation in which a criminal who had murdered many people
in the past was arrested in a different country than the one
where he committed his crimes. For this reason, he will be
transferred from the country where he has been arrested to
the country of his origin, in order to go to trial and then to
serve his sentence in prison.

The participant-player of the game assumed the role of a
relative of one of the prisoner’s victims, who wanted to take
revenge for the wrongful death of the relative. So, the partici-
pant had to go to the airport in which the prisoner would arrive
and attack him with the intention to kill him.

The game starts with the player being at home and having the
opportunity to get information about prisoner’s arrival, from
two different intelligence sources (Open Source Intelligence —
OSINT). The first source was a newspaper on the internet, in
which the participant could read the front page with informa-
tion regarding the historical facts and the arrival of the pris-
oner (Fig. 1) and the other one was a news bulletin from the
local news channel on TV (Fig.2). Both intelligence sources
informed the player about the hour of arrival and the gate at
the local airport.

a4
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1e past
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amTunem a9, BAck to base...
) 22 2 fngetive nho helped ke

soanibs wsed i the Trads Canter
lhimg attack He has been B PATL ITH
actenzed m the American media

Fig. 1
The front page of a newspaper

Fig. 2
News bulletin from a TV channel
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Then, the player had to leave their home and go to the airport
by bus. There, the player was able to chat with various people
working at the airport and collect information about the pris-
oner’s arrival time and gate (Human Intelligence = HUMINT)
(Fig. 3). More specifically, the player had the opportunity to
chat in the airport with a policeman, a cleaner, a firefighter, an
air traffic controller (Fig. 4), an information desk clerk (Fig. 5)
and a traveller. The goal was to find out the actual arrival time
and gate in which the prisoner would shortly be arriving at.

= T ———————)

Air traffic controller

C!eanrer 'Fireﬁghteq

._\,.f i M’h.‘h‘b}‘,il 4

Fig. 3
Some HUMINT sources in the airport

Fig. 4
Meeting an air traffic controller

Fig. 5
Meeting an information desk clerk

The conversation with people at the airport was not predefined
but the player had the chance to determine the course of the
discussion. In every conversation, the player had the oppor-
tunity to select between two options for the questions to the
corresponding person (Fig. 4). The piece of information that
the player finally received from a specific person about the
prisoner’s arrival time and gate was the same independently
of the selections made during the dialogue. We used this trick
just for giving the player a degree of freedom in information
gathering and making the scenario more realistic.

Before starting the game, each player received a booklet
which contained a list of the intelligence sources that were
available in the game. Next to each source, the player had to
note the information about the prisoner’s arrival time and gate
at the airport, which was collected from the specific source.
The various pieces of information that were offered from the
plot of the scenario contradicted each other. The pieces of
information from the newspaper and the television reportage
were deliberately fake, to simulate the usual attempt of the
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police to reduce the risk of a possible attack on potential tar-
gets, in our case the prisoner. According to our scenario, hu-
man intelligence sources at the airport offered diverse infor-
mation. Some sources offered correct information (e.g., the
cleaning lady) while other sources offered deliberately fake
information and more specifically the same information an-
nounced in press and news (e.g., the policeman). Other sourc-
es did not give any information (e.g., the air traffic controller).
Gathering all the information, the player was faced with the
dilemma of choosing the right time and gate of the prisoner’s
arrival in order to kill him. In other words, at the end, the player
had to choose which would be the correct arrival gate for the
prisoner and the correct arriving time. In that sense, uncer-
tainty was inserted in the decision making process since not
all information sources suggested the same time and gate for
the prisoner’s arrival (contradiction and ambivalent reliability
of the sources).

When the player had decided about the estimated arrival time
and gate of the prisoner, it was possible to move to the spe-
cific gate of the airport at the specific time using the bus in
order to find the prisoner. If the decision was correct, the play-
er would finally find the prisoner and the game was over. If
the decision was not correct, then the game was over without
finding the prisoner.

The player had no time restrictions to visit and talk to all the
HUMINT sources and collect the available information. How-
ever, when the information gathering stage was completed,
then the player had limited time to make the final decision, as
all possible arrival times were very close to the current game
time. Thus, the player at the final stage of the game had to
make the final decision under time pressure.

46

Assessment of the game-based learning
activity

The assessment of the game-based learning activity took
place at the Hellenic Air Force Academy (HAFA) in January
2022 as a part of a thesis. There were 30 participants (all
males, aged from 20 to 22 years old). For each participant,
the participation in the activity was divided into three parts. In
the first part, a briefing for the scenario and the corresponding
mission was given from the researcher. In the second part,
the participant assumed the role of the player of the game.
The participant had to collect information for the arrival of
the prisoner (time and gate), as mentioned from both human
sources (people at the airport) and open sources (internet and
TV). The collected information was recorded on the answer
sheet in order to help the participant to reach their final deci-
sion using the analytical process. In the third part, the player
had to make their decision by selecting the correct time and
gate of arrival according to the collected information under
time pressure. At the end of the game, the participant had to
justify their decision by providing information on their deci-
sion-making process which was recorded by the researcher.

Results

Out of the 30 total participants, 24 managed to choose the
correct time of arrival as well as the correct arrival gate. There
were 2 participants who chose a wrong arrival gate and 4 par-
ticipants who chose a wrong time of arrival (Fig. 6).

13%

M Correct answer
M Error in arrival gate

M Error in arrival time

Fig. 6
Correct answers of the participants
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After the end of the game all participants were invited to jus-
tify their choices. The answers they gave can be grouped into
three categories:
+ | believed the official announcements (press, news,
policeman).
+ | didn't believe the official announcements but | believed the
people working at the airport.
| was confused and | didn't know who to believe.

More specifically, as participants claimed, their final decision
was based on the following three categories (Fig. 7):
+ Rationale: 6 participants

Intuition: 19 participants.

Random: 5 participants

Random 5
Rationale 6
Intuition 19
(; ; 1IO 1I5 20
Fig. 7

Participants decision-making process

Discussion

We created a game-based learning activity in which the play-
ers had to collect information from different sources, in order
to make a decision. Deliberately, pieces of information were
contradictory, depending on the source of the information. On
one hand, official announcements from the press, the televi-
sion and the police announced a specific arrival time and gate
in the airport for the prisoner. On the other hand, some people
working at the airport suggested a different arrival time and
gate for the prisoner. The specific situation was character-
ised by uncertainty-based information, in which the decision

maker had to think critically who to believe and then what to
decide.

Players were seeking information and recorded every piece
of information they gathered in a booklet. They had plenty of
time in order to recall, analyse or compare all the information,
but limited time to make the final decision when they had fin-
ished with the collection of information. Their decision-mak-
ing process mainly used thinking system 2 in which the infor-
mation is recorded and analysed, except from the final stage
in which there was time constraint for the decision. So, the
engagement of the participants in our game-based learning
activity enhanced their analytical way of thinking as partici-
pants followed a rational flow of a decision-making process.
But in the last step of their decision-making process, they
were faced with a dilemma as their information was contra-
dictory and they had time restrictions to make their decision.
In that point, rationality could not help as the reliability of the
information sources could not be assessed and there was not
enough time for further analysis.

Based on the findings, even if the activity led them to analyse
the collected information and thus apply the analytical way of
thinking (system 2), a lot of participants (19 out of 30) made
their final decision intuitively as they reported since they had
contradictory information and they were not sure about the
reliability of each source of information. A few other partici-
pants (5 out of 30) made their decision randomly or by chance
since they could not arrive at a rational decision and the rest
(6 out of 30) reported that their decision was a product of the
rational way of thinking (system 2). That means that all par-
ticipants used the system 2 way of thinking in order to reach
the final stage of their decision-making process, however, the
uncertainty-based information forced most of them (19 out
of 30) to use system 1 to make the final decision as it was
expected from the theory (Kahneman, 2011). In other words,
the engagement of the participants in our learning activity en-
hanced not only their analytical way of thinking (system 2), as
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participants followed a rational flow of a decision making pro-
cess, but also enhanced the intuitive way of thinking (system
1) by the inserted uncertainty of information.

The analysis of how players made their decision (rationality,
intuitively, randomly) was based on participant's answers. The
responses of the participants to the questions after the game
clearly cannot be characterized as the most reliable tool for
gathering information about human thought; however, it is a
serious indication that many participants understood that the
use of rational thinking throughout the plot of the game could
not lead to just one decision.

Conclusion

Decisions play an important role in our life. From the simplest
decisions (e.g., what clothes to buy) to more critical deci-
sions (e.g., how a company can avoid firing the employees
in difficult times), there are two ways of thinking that guide
decision-making. The first way of thinking, known as system
1, helps us to make rapid and most of the times intuitive deci-
sions. The second way of thinking, known as system 2, helps
us to make decisions rationally, based on the analysis of the
situation when more time is available. Under uncertainty and
when there is time pressure, system 1 is the main way of
thinking, in contrast to certain situations without time pres-
sure in which system 2 is the main way of thinking.

In general, learning activities designed for the development
of decision skills usually involve learners in realistic decision
situations, in order to gain experience and learn how to deal
with them experientially. Based on the theory, training activi-
ties for developing decision skills can focus at the same time
on enhancing system 1 and system 2 ways of thinking. For
instance, in the case of a well-designed learning activity for
the enhancement of system 2, system 1 also is reinforced,
as learners will practice with the functions of attention and
memory which both are critical functions for system 1. On
the other hand, in real-problem situations, outside a laboratory
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environment, it is hard to characterize a situation as certain
or uncertain. So, it is difficult to understand which way of
thinking (system 1 or 2) is more convenient each time. In that
sense, a decision making process can begin in a certain con-
text but finally and for many reasons can end in uncertainty.
Forinstance, a reason that will lead to uncertainty is when the
reliability of intelligence sources cannot be estimated or the
information collected is contradictory.

In this context, we designed and developed a game-based
learning activity in an open world realism-based environment
in which the objective was to enable players to make a deci-
sion on uncertainty-based information they had collected. We
believe that our learning design helped the participants to en-
hance their decision skills using both ways of thinking, since:
+ In a certain environment, players would normally make
a decision by following the steps of a rational decision
making process. When uncertainty is injected in the pro-
cess and when the provided time for taking the decision
is limited, then intuition plays a significant role. Thus, the
participants involved in our learning activity due to the
inserted uncertainty factors were forced to use their intu-
ition to make their final decision. In that way, they gained
experience on intuitive thinking, in contrast to the majority
of learning activities on decision-making processes, which
are based only on rationality.
In enhancing rational decision skills, intuitive decision skills
benefit, too. Our game-based learning activity was de-
signed in order to enhance both ways of thinking, used in
certain and uncertain situations. More specifically, it was
designed in such a way to enhance the analytical thinking
(system 2) following the rules of rational decision making
process in the collection and analysis of information with
the provided tools but also to enforce participants to resort
to the intuitive way of thinking (system 1) when uncertainty
was introduced at the end of the scenario.

Based on the reported results, our game-based learning
activity not only enhanced the rational way of thinking in
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decision-making process, but also acted as the stimulus for
the participants to enable intuition when they understood
that they had to deal with uncertainty. Their involvement in
the activity at same time provided them with a valuable learn-
ing experience on how to deal with such situations even if
the conditions or the environment are different. In the future,
we hope to apply the same game-based learning activity in a
larger context in order to strengthen our results by acquiring
quantitative metrics from the participants.
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