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A B S T R A C T

This study aims to develop an unobtrusive measure for experienced stress in a digital serious gaming environ-
ment involving decision making in crisis management, using only in-game measures in a digital decision game
called the Mayor Game. Research has shown that stress has an influence on a decision-maker's behavior, and also
on the learning experience in training scenarios. Being able to assess unobtrusively the level of stress experienced
would allow manipulation of the game so as to improve the learning experience. An experiment was conducted
with two conditions, one paced and one non-paced. In the paced condition, participants were exposed to in-game
changes that aimed to induce stress by creating information overload, uncertainty and time pressure. While
pacing caused differences between the conditions with respect to in-game performance for analytical skills,
several simple unobtrusive in-game measures were not consistent enough to serve as indicators for experienced
stress. Further, physiological measurements of stress did not show significant differences between the conditions,
indicating that the employed methods to induce stress did not work sufficiently. These results call for testing of
more sophisticated methodologies to unobtrusively assess experienced stress in the given type of serious game.

1. Introduction

“Hasty, often unwise decisions” are induced by stress (Cooper,
2007, p. 21). This statement highlights the influence of stress on the
quality of decision-making processes and was confirmed by later find-
ings describing the effect of stress on decision making (Starcke & Brand,
2012). It is also related to the Yerkes-Dodson law (Yerkes & Dodson,
1908), which indicates that people perform worse under higher than
optimal stress conditions. The Yerkes-Dodson law, describing a curvi-
linear (U-shaped) relationship between stress and performance, further
implies that a slight level of experienced stress is nonetheless beneficial
compared to experiencing no stress at all (Yerkes & Dodson, 1908). This
relationship is of paramount importance when a high quality decision-
making process is needed, such as decision making in the context of
crisis management. In some crisis situations the decisions to be taken
are similar to dilemmas: No matter what exact decision is made, the
result is never perfect for all parties involved. In these situations, it is
crucial to have a high quality decision-making process, thereby en-
suring that decisions are not hasty and unwise, but well thought
through, and that important factors are considered (Crichton, Flin, &

Rattray, 2000).
One of the crucial aspects of crisis management is situation assess-

ment, in which the available information and its meaning are examined
and evaluated (Mezey, 2004). A thorough analysis of the crisis situation
is also crucial for situational awareness (SA; Endsley, 2000), about
which the author stated: “Most simply put, SA is knowing what is going
on around you” (p. 2). Knowing that, we can reasonably conclude that
situational awareness and situation assessment are key in decision
making in crisis management (Mezey, 2004; van der Hulst, Muller,
Buiel, van Gelooven, & Ruijsendaal, 2014; Veiligheidsregio Twente,
2016). Further looking at the role of stress, Mezey (2004) explained
that stress can be produced in crisis situations, which would influence
the crisis manager's performance. This stress could also influence the
assessment of the crisis situation by decreasing the quality of the si-
tuation assessment and in the end reducing the quality of the decision-
making process (Cooper, 2007). As Kowalski-Trakofler and Vaught
(2003) described in the context of managing emergencies, stressed
persons rely on different patterns of reasoning for coming to a con-
clusion than non-stressed persons, who more often rely on in-depth
analysis of the situation. The authors further explained that decision
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makers often narrow their attention to focus on critical issues and
elements when under stress, letting them ignore or miss other (addi-
tional) useful information about the situation. In the next section we
explain how this relationship between stress and analytical skills is
viewed and handled by the Veiligheidsregio Twente, a regional Dutch
crisis organization, which also provides the practical context for this
study.

1.1. Analytical skills and stress in the Veiligheidsregio Twente

The Veiligheidsregio Twente1 (VRT; Twente Safety Region) is an
organization consisting of people from the fire department, the police
department, the medical emergency response team, and local govern-
ment, responsible for coordination and response to crises in the Dutch
region of Twente. The VRT usually involves two different types of crisis
professionals in such crisis situations: First, there is the operational
staff. These are, for example, the firefighters who go to the place of an
incident and work on extinguishing the fire. Second, there is the stra-
tegic staff. They focus on the more administrative part of crisis man-
agement, which includes, for example, coordinating the different
emergency services, specifying strategies and communicating facts
within the organization and to the public. More complex crisis situa-
tions, where both types of crisis managers are involved, are only trained
for about one afternoon once a month because of time and cost reasons.
Consequently, training all important competencies (the VRT names 13
different competencies: stress resistance, analyzing, empathy, leadership,
teamwork, flexibility, decisiveness, persuasiveness, coordinating, commu-
nication, being advisory, political administrative insight, decision making)
and focusing on all of them is not feasible. Hence, the VRT has searched
for an additional way to train their crisis managers on some of these
competencies, for example, by a digital serious game that focuses on
decision-making processes.

As laid out before, the two competencies of Analyzing (Analytical
Skills) and Stress Resistance lie at the core of the decision-making pro-
cess: The VRT (personal communication, April 16, 2018) describes
Analyzing as the competency to discriminate between facts and as-
sumptions, relevant and irrelevant information, to make connections
based on available information, to gather and consult information as
well as the ability to apply scenario-based thinking. Sarpong and
Maclean (2011) define scenario-based thinking as the “use of scenarios
to stimulate innovative solutions for a possible future context” (p.
1155). The VRT (personal communication, April 16, 2018) describes
Stress Resistance, on a slightly different level. While the main point of
being stress resistant is that the crisis manager does not get carried
away by emotions, the description also implies that a stress-resistant
crisis manager behaves similarly when under stress and when not under
stress. This includes the requirement that the crisis manager maintains
concentration and still puts things into perspective. According to the
VRT, time pressure is not only among the most important stressors for
crisis managers, but they also have to deal with time pressure during
crisis situations, which does not allow them to discuss all matters in as
much detail as possibly needed.

To ensure that the crisis managers of the VRT are capable of doing
just that, more complex crisis situations thus need to be trained more
often, for example, by means of a digital serious game. The experienced
stress level of the crisis managers should be kept at medium intensity
during training, which is where fastest learning can be expected ac-
cording to Raudys and Justickis (2003), along with best performance as
implied by the Yerkes-Dodson law. Knowing the player's current level of
experienced stress would thus allow manipulation of the serious game
to ensure that players experience the optimal stress level for learning,
for example, by adjusting the pace of the game.

1.2. Decision games

Serious games are often categorized based on their application
context (Susi, Johanneson, & Backlund, 2007) or on the game's genre
(Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; Sniezek, Wilkins,
& Wadlington, 2001). Since the current study was conducted within a
crisis management and decision-making domain, the serious game to be
used in this research would be categorized as a military or government
game based on the scheme described by Susi et al. (2007). In both
categories, managing crisis situations, making decisions and running
scenarios repeatedly are among the most important game character-
istics. However, this basic categorization does not spell out the specific
nature of what a game fitting this research's context should look like.

As Connolly et al. (2012) and Sniezek et al. (2001) described, many
serious games and games for learning can be categorized as simulation
games. In simulation games the goal is to model or mimic a realistic
(crisis) scenario, for example, by using scenarios and/or dilemmas
based on past, elapsed real-life crisis situations. In that sense, simula-
tion games are well suited for training for decision making in crisis
management. Just as the VRT already does in an analog manner, a
serious game should mimic the situation for decision makers using
realistic scenarios and dilemmas. As in real situations, the decision
makers need to differentiate between pros and cons for a specific de-
cision, in order to make a decision based on the available information.
Sniezek et al. (2001) extended this description with the notion that in
crisis (management) training contexts, “a simulation is realistic if it
induces the same psychological processes in the training context that are
experienced during an actual crisis” (p. 3), which remains one of the
greatest challenges for such simulations to accomplish. Accordingly, we
prefer to employ a serious game that mimics the to-be-trained-for si-
tuation in an authentic way, being aware that a simulation close to the
real-life situation is difficult to implement.

What fits with the above categorizations, the context of our re-
search, and also the structure of the VRT, is what Crichton et al. (2000)
and Crichton and Flin (2001) described as tactical decision games,
which are designed for practicing decision-making skills. Such games
illustrate decision-making strategies, “boost expertise in decision
making and judgement” (p. 260), but also allow practicing of situation
awareness and stress management (Crichton & Flin, 2001). Further, the
players must deal with the fact that there is no ‘correct’ decision to be
made; the players are confronted with dilemmas. Players in such games
also have only limited information available, in line with what occurs
during actual crisis situations where decision makers must make a de-
cision based on the available information, which sometimes is not much
(Crichton et al., 2000). The Mayor Game, which is the digital serious
gaming application used in this study, is focused on the process of
making a decision, and functions similarly to what was just described in
this section.

1.2.1. The Mayor Game
The Mayor Game is a digital web-based serious game used to train

Dutch mayors for dealing with crisis situations. The Mayor Game pro-
vides training on various important competencies for decision making
in crisis management, for example, environmental consciousness, decisi-
veness, anticipation, and judgment. The Mayor Game is played by many
mayors all across the Netherlands, who in general value the game
(Jong, 2017). In the game, players must handle a realistic crisis situa-
tion (called a scenario) by responding to a number of dilemmas. To help
the players decide on what answer to give, a number of advisors offer
additional information to the player, which the players can also mark as
relevant. Next to additional information, each advisor also provides a
clear recommendation on what to decide (yes or no). The game's focus
does not lie on deciding correctly, given that there is no correct decision
to make; instead, the Mayor Game focuses on the decision-making
process, rather than on the actual decision. All dilemmas can be re-
sponded to in multiple ways, which will affect only the feedback the1 http://www.vrtwente.nl.
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players receive after they have finished the scenario. See Fig. 1 for a
screenshot taken in the Mayor Game, showing one dilemma. The
feedback is about how the players handled the situation, what the
players took into account and how the players scored on, for example,
scales for different leadership styles (T-Xchange, 2018; van de Ven,
Stubbé, & Hrehovcsik, 2014). Tweaked versions of one game scenario in
the Mayor Game, as described in the next section, were used in the
experiment described in this study.

1.3. An unobtrusive measure of stress in decision games

Unobtrusively assessing players’ stress levels in serious games has
various advantages over more obtrusive in-game assessment methods
such as questionnaires or external, out-of-game measures such as
wearable sensors to measure physiological indicators of stress. For ex-
ample, Shute (2011) stated that keeping the players in a so-called flow
state by not interrupting or disturbing the gameplay to assess the
players is beneficial to the learning process. The players are allowed to
simply play the game, while unobtrusive in-game assessment methods
can be used to induce adaptivity by changing the game depending on
the outcomes of that assessment (Bellotti, Kapralos, Lee, Moreno-Ger, &
Berta, 2013), which in turn increases the efficiency of the learning
process for which the serious game was originally designed (Lopes &
Bidarra, 2011). Further, the authors stated that adaptivity is supposed
to increase how the game appeals to the players, which Cocea and
Weibelzahl (2009) framed as follows: The more appealing the game, the
more motivated the players, which in turn leads to increased learning.

To assess the players unobtrusively, the assessment must be woven
into the natural gameplay (Shute & Kim, 2014). Consequently, the in-
teractions of the players with the game need to be used, in such a way
that conclusions can be drawn about the players’ experienced stress
level. For example, we could just look at the percentage of correct de-
cisions players have made up to a certain point. However, when a
serious game is designed to improve the quality of processes and not the
quality of their product, we cannot look only at the percentage of
correct decisions or actions. Instead, we have to take into account other
interactions from the player with the game that the player took in
working towards said product.

Looking back at what has been described thus far, the current study
aims to find an unobtrusive measure for experienced stress in crisis
management-related decision making using different in-game measures

in a digital games-based learning environment. The study is conducted
in the context of the Veiligheidsregio Twente and the Mayor Game, a
decision-based digital serious game.

1.4. Research questions

Finding an unobtrusive measure for a player's experienced level of
stress is only useful when stress indeed has an influence on in-game
performance. Therefore, we investigate on the effect of induced stress
on in-game performance first. Given that it is crucial for decision ma-
kers in crisis management to maintain the quality of their decision-
making process while under stress, in the case of the VRT, the ability to
analyze information, in particular, should not suffer under greater ex-
perienced stress. This gives rise to the research question: Does a change
in experienced stress influence the players' in-game performance for ana-
lyzing? Based on the definitions stated by the VRT, it is expected that
persons experiencing too much stress will score lower on analyzing,
which is in line with Yerkes and Dodson's (1908) theory that a higher
than optimal level of experienced stress causes worse performance.
Answering this research question will help to identify effects of induced
stress on players' performance for analyzing in decision games that
provide training on crisis management skills, thereby highlighting the
importance of stress in the crisis managers' everyday work.

Next, in line with the Yerkes-Dodson law, which describes a curvi-
linear (U-shaped) relationship between the players' stress levels and
their performance (Cohen, 2011; Yerkes & Dodson, 1908), stress levels
that differ from what is optimal are expected to have a negative in-
fluence on a person's response behavior (e.g., Cheng, 2018; Sniezek
et al., 2001). Assuming that the level of experienced stress indeed has
an influence on the players' in-game performance, the second research
question of this study is: Can we employ in-game behavior to make pre-
dictions about the measured level of stress of a player? Answering this
research question serves the general aim of this study to find an un-
obtrusive measure for experienced stress in crisis management-related
decision making in a digital games-based learning environment. This
unobtrusive measure could be used as input to statistical models that
can evaluate the experienced level of stress to make the game adaptive.
Thereby, the unobtrusive measure allows to guide the game to be more
effective and efficient: After a calibration scenario, to obtain base levels
of the player's stress level, the game can adjust the following scenarios
based on a comparison of the current stress level of the player as

Fig. 1. Screenshot of the mayor game.
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measured by the unobtrusive in-game measure and the earlier set base-
line.

In the current study, participants will be placed in two conditions,
one control and one experimental condition, to gain insight into how
stress affects their in-game behavior and their performance for analy-
tical skills. Gameplay log data, questionnaire data, and physiological
sensor data will be used to address the research questions.

2. Method

2.1. Participants

In total, 82 participants took part in this study, 43 in the control
condition and 39 in the experimental condition. Participants were
randomly assigned to condition, but due to short-term cancellations the
group sizes ended up different. Two participants in the experimental
condition did not complete the experiment and were thus removed from
the dataset. The remaining 80 participants (43 in the control condition
and 37 in the experimental condition) came from two different pro-
grams of study at the University of Twente, Psychology (59; 73.75%)
and Communication Science (21; 26.25%). The majority of the parti-
cipants were female (53; 66.25%). Participants had various national-
ities, the two most common being German (58; 72.5%) and Dutch (15;
18.75%). The remaining seven participants were scattered among five
different nationalities, so they were grouped under Other (7; 8.75%).
The great majority of participants were between 18 and 24 years old
(75; 93.75%), where only five participants were 24 or older (6.25%).

2.2. Game scenario

Participants played one scenario in the Mayor Game: A tanker truck
transporting highly flammable and toxic chemicals was involved in an
accident and threatens to explode. The scenario consisted of eight di-
lemmas; participants decided about each dilemma with either Yes or
No. In the dilemmas the players had to make decisions about how to
handle different situations. For example, the first dilemma, named
“Pick up Children”, was to decide whether parents should be allowed to
pick up their children from a school within the evacuation radius. The
other dilemmas were called “Laconic”, “Exams”, “Train”, “Tight
Curve”, “Laboratory”, “Youth News” and “Explosion”. “Laconic” is a
dilemma about how to deal with residents in the wider area who do not
listen to the instructions made by the police. The third dilemma,
“Exams”, asked whether final exams taken in a school lying in the
evacuation area should be stopped. The fourth dilemma, “Train”, con-
fronted the players with the question whether a shelter hall where
stranded passengers are held should be visited by the mayor of the
fictional town in which the truck accident took place. Dilemma five,
“Tight Curve”, challenged the players to deal with a statement that was
published by a third party, trying to explain how the accident could
happen in the first place. Dilemma six, “Laboratory”, confronted the
players with deciding on whether a laboratory experimenting with
viruses should receive additional protection against the smoke and dust
coming from the burning truck. “Youth News” was a dilemma asking
the players to handle the press, which focuses on explaining the si-
tuation to a younger audience. In the eighth and last dilemma,
“Explosion”, the tanker truck exploded, so the players faced the chal-
lenge of deciding how the death of three firefighters should be com-
municated to their respective families.

Five different advisors (police services, fire service, public health
services, legal advisor, communication and press) could help the
players with making their decisions by providing additional informa-
tion on each dilemma. Each advisor provided one information item per
dilemma, adding up to five information items available to the players
per dilemma and consequently 40 in total. Each could be read multiple
times before responding to the dilemma. Although the eight dilemmas
were offered to the players in a pre-specified order, the players were not

forced to play them in this particular order. Participants were asked to
mark the information corresponding with the decision that they made,
to indicate which information implied that same decision. As an ex-
ample, we provide a detailed description of one dilemma and the five
information items offered for this dilemma in Appendix A.

2.2.1. Conditions
Participants in this study were assigned to one of two conditions. In

the control condition participants were given 15min to complete the
scenario. Dilemmas and information provided by the five advisors ap-
peared at fixed time intervals, which were the same in all dilemmas. For
example, when a participant opened the first dilemma, information
items became available every two to 4 s. Additionally, a recommenda-
tion on whether an advisor would vote yes or no appeared every 20 s,
with two being available from the start. That resulted in a well-suited
game pace, where a new action became available whenever the players
finished thoroughly reading information items or descriptions of the
situation.

A heightened stress level can be created by inducing information
overload and time pressure (see Cheng, 2018; Sniezek et al., 2001),
which is in line with the in section 1.1 described information provided
by the VRT. Thus, participants in the experimental condition were
given 12min to complete the scenario, 3 min less than in the control
condition, but still enough time to complete the scenario without
skipping information. To further increase the experienced stress level,
information given by the advisors appeared faster. Furthermore, the
preferred decisions of the advisors were available much later in the
experimental condition, so that uncertainty was created if the partici-
pant had not yet made a choice. Uncertainty is also used to increase the
experienced stress level (Sniezek et al., 2001). Cheng (2018) also stated
that a (large) alarm clock, visible and/or audible to the participant,
might also increase time pressure. In accordance with this suggestion, a
large alarm clock was presented on a screen on location, along with a
verbal statement of the time left made at 2-min intervals.

Along with time pressure, an equivalent to peer pressure was in-
duced. Kim, Bang, and Kim (2004) used simple statements such as: “The
participants before you all did well and finished relatively fast” to in-
crease the stress level of the participant. Consequently, a similar
statement was made in the experimental condition, before the partici-
pants started the gameplay scenario. The content of the scenario was
not altered in comparison to the control condition, so that possible
differences in gameplay behavior and stress levels between the condi-
tions were fully explainable by the artificially induced time and peer
pressure. By inducing time pressure, changes in decision-making pro-
cesses would be expected to occur (Maule, Hockey, & Bdzola, 2000).

2.3. Measures

2.3.1. Analytical performance measure
According to the definition provided earlier for analyzing, inter-

preting available information correctly given the situational context is
of utmost importance. In the context of the Mayor Game, available
information items point towards either Yes or No. In some cases the
information items are more vague and in some cases less vague, but
they are always relevant to the situation. This leaves the players to
interpret the information, and later to indicate which information
corresponded with the decision they made. In doing so, the players
indicated that the available information was correctly understood and
the main message of this information item was grasped. Consequently,
if players read all available information, they had to mark those in-
formation items as corresponding that implied the decision they made
for that specific dilemma. When an information item did not support
the player's decision, the player was expected not to indicate this item
as corresponding. In line with the definitions of crisis management
skills, any information that was not read was considered to be wrongly
interpreted, because requesting information to reduce uncertainty is
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also part of these crisis management skills (Mezey, 2004;
Veiligheidsregio Twente, 2016).

Players received one point for each information item correctly
marked as corresponding and one point for each information item
correctly non-marked, adding up to a maximum score of five points per
dilemma equal to the amount of available information. Again, when
information was not read it was considered as wrongly interpreted.
Some of the information were vaguer than other, which besides simply
computing scores also must be taken into account. For this reason, we
used an Item-Response Theory (IRT) model, the Rasch model (Baker,
2001; Rasch, 1960), thereby bringing the person's ability and the item
difficulty (here vagueness of information) onto the same scale. In this
way we can estimate the person-level ability parameter for each person
for each dilemma, taking into account the vagueness of the information
items.

2.3.2. Behavior variability as unobtrusive stress measure
Since the same competency, analyzing, was measured in all di-

lemmas, under normal conditions the observed ability of a person is
expected to remain stable throughout a single gameplay scenario in the
Mayor Game. Participants under stress are expected to be less accurate
in interpreting the information items and more inconsistent in playing
the game, possibly leading to larger variability in terms of overall
performance and gameplay behavior. Therefore, we expect larger
variability throughout the scenario to be an indicator for induced stress.
To assess the variability of the analytical ability parameter, the variance
between the per dilemma parameter estimates can be computed per
person. The resulting within-person variances are consequently con-
sidered to be an indicator of the variability of the ability parameter. We
hypothesized that a more stressed person shows more inconsistent be-
havior; hence, we expect the within-person variances to be higher in the
experimental condition than in the control condition. In line with this
expectation, the within-person variances of three in-game measures
were considered: of the average number of information items read, of
the average time an information item was kept open relative to the total
playtime, and of the performance on analytical skills throughout the
gameplay.

2.4. Validation of the unobtrusive stress measure

2.4.1. Sensor data
To obtrusively measure experienced stress, sensor data was collect

to validate possible in-game measures, so that in an actual practical
application the sensors would not be needed to infer the player's level of
experienced stress. To objectively measure experienced stress, we used
the Shimmer GSR + sensors, which capture heart rate data and also
skin conductance data. Both have shown to be valid predictors of
physiological arousal (e.g., Mandryk, Inkpen, & Calvert, 2006; Shi et al.,
2010; Yannakakis & Hallam, 2008), which in turn can serve as an in-
dicator for experienced stress (Holmgård, Yannakakis, Martínez,
Karstoft, & Andersen, 2015).

More specifically, Holmgård et al. (2015) found different measures
extracted from sensor data that were significantly correlated to ex-
perienced stress: maximum heart rate, heart rate at last measurement
point, heart rate standard deviation, heart rate range (the difference
between maximum and minimum heart rate), skin conductance range
and skin conductance at the first measurement point. The authors also
found physiological measures that were statistically significant only
with α=0.1. These measures were the average skin conductance
throughout gameplay, maximum and minimum skin conductance,
standard deviation of skin conductance and shift in heart rate
throughout the game (the difference between first and last measure-
ment of heart rate), all of which we will consider in our analysis. Taking
into account that the Yerkes-Dodson law also suggests a U-shaped re-
lationship between analytical ability (respectively the within-person
variances of analytical ability) and (physiological) arousal, curvilinear

as well as linear relationships between gameplay performance and
sensor data were tested.

2.4.2. Self-report questionnaire
A self-report questionnaire was administered right after the parti-

cipants finished the gameplay scenario. Here we followed the same idea
as with the collected sensor data, using two brief (perceived) arousal
scales as indicators for the stress level that was experienced. The
Perceived Arousal Scale (Anderson, 1995; Anderson, Deuser, & DeNeve,
1995) and the Affect Grid (Russell, Weiss, & Mendelsohn, 1989) were
used. Besides demographic characteristics and the arousal scales, par-
ticipants were also asked to describe how they felt about the pace of the
game in an open question format. The Perceived Arousal Scale is a 24-
item questionnaire, where participants must indicate how much they
felt a specific emotion or feeling using a five-point Likert scale, with one
being not at all and five meaning extremely. The Affect Grid is a single
item questionnaire measuring two dimensions, arousal and pleasure. The
participants here must indicate how aroused they were and how much
pleasure they felt during the gameplay session, this time on a nine-point
Likert scale. The pleasure dimension was disregarded in this study.

2.5. Procedure

Participants were first familiarized with the game they were about
to play. Important gameplay mechanics and features of the game were
presented. The sensors were put on and immediately turned on, right
after the participants were familiarized with the game. Next, the par-
ticipants played the gameplay scenario. Once the participants were
finished playing the gameplay scenario, they started completing the
self-report questionnaire, while still wearing the sensors. Recording of
the sensor data was stopped after the participants completed the self-
report questionnaire. The researchers were present in the room during
the entire time of the study to ensure that the participants followed the
instructions; participants were able to ask for assistance in case of
technical difficulties. Ethical approval for this research was provided by
the ethics committee of the University of Twente in February 2018. All
participants provided active consent before starting the study.

Data were collected using three main types of source. First, game-
play data from the Mayor Game were gathered. Second, sensor data
about the heart rate and the galvanic skin response of participants was
gathered using the Shimmer GSR + sensors. Third, a self-report ques-
tionnaire was employed. The sensor data and the self-report data were
collected for validation purposes.

2.6. Analysis

Data were analyzed with respect to the two formulated research
questions. First, we compared the analytical skills performance between
groups, on a per dilemma basis. This was done based on simple sum
scores, as derived from the scheme described in Appendix B and as
explained in Section 2.3.1. To correct for differences in the vagueness of
the available information, a one-parameter logistic (Rasch) model was
employed. Given that only five observations per dilemma per person
were available, we employed a Bayesian application of the Rasch
model, making sure that the results are meaningful even with few(er)
data points (McNeish, 2016; van de Schoot, Broere, Perryck,
Zondervan-Zwijnenburg, & van Loey, 2015). Here we made use of an
Importance Sampling (Wasserman, 2004, pp. 403–433) based procedure,
as described in Appendix C. These analyses serve to address our first
research question.

The second research question was answered using regression ana-
lyses. We started by comparing in-game performance and in-game be-
haviors between groups. Following that, simple regression models
employing only one in-game measure and one physiological measure
were used to gain insight into possible linear or curvilinear relation-
ships between in-game data and physiological arousal data, that can
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serve as an indicator for experienced stress. We ran the same analyses
for the in-game measures and the self-report data, where we also looked
into the reliability of said self-reports. Lastly, we checked relationships
between sensor and self-report data.

3. Results

3.1. The effect of stress level on ‘analyzing’

All participants were scored for analyzing according to the scheme2

described in Section 2.3.1. The lowest observed per dilemma score was
zero, and the highest observed per dilemma score was five. The lowest
observed total score was 14 and the highest was 40, meaning that at
least one participant interpreted all information correctly. Table 1
displays the mean scores and standard deviations (SD) for all dilemmas
and the total score, per condition. Levene's test for equality of variances
between conditions for the total score gave a significant result, with
F=5.903 and p=0.017, meaning the variances are not equal between
groups, which indicated that the Welch-Satterthwaite adjustment
method should be used on the degrees of freedom. Running a one-tailed
t-test on the total score, using this adjustment method, gave a sig-
nificant difference in total scores between conditions (t=2.777;
df=64.638; p=0.0035), indicating that the average score in the ex-
perimental condition was lower compared to the normal condition.
Although this difference might seem interesting at first, it must be noted
with caution: Because participants in the experimental condition were
forced to work faster than participants in the control condition, some
were not able to complete the gameplay scenario. Consequently, ana-
lyses should be carried out that take into account that some dilemmas
might not have been accessed.

Following the order used in Table 1, from top to bottom, the first
four dilemmas were completed by all 80 participants. The fifth dilemma
was completed by 79 (43 control, 36 experimental) participants. The
sixth, seventh and eighth dilemma were completed by 76 (42 control,
34 experimental), 73 (41 control, 32 experimental), and 68 (38 control,
30 experimental) participants respectively. Of the 12 participants who
did not complete the eighth and final dilemma, five came from the
control and seven from the experimental condition. However, not all of
the 68 participants completing all eight dilemmas actually read all
available information items. As already described, what information
was not accessed could be determined from the log files, and it was
considered as wrongly interpreted.

Excluding those participants who did not finish the scenario (all
dilemmas) from the analyses gives a more accurate understanding. As
described, in the control condition, 38 participants out of 43 total
completed the scenario. In the experimental condition, 30 out of 37
participants completed the scenario. A one-tailed t-test on the total
scores of these 68 participants, again using the Welch-Satterthwaite
adjustment method on the degrees of freedom (F=5.875; p=0.018),
showed that participants scored significantly higher in the control
condition than in the experimental condition (t=2.178; df=50.455;
p=0.017). The per dilemma differences in scores between conditions
are visualized in Fig. 2.

At the dilemma level, significant differences between conditions in
the second, third, and last dilemma were found. These findings are
partly in line with the feedback given by participants. In the experi-
mental condition, participants reported that especially for the last di-
lemma, when they realized they would not finish the scenario in time at
their current speed of working, they skimmed faster through the
available information, not having as much time to think about what the
information implied. Consequently, these participants made more
mistakes in indicating which information also implied their decisions.
However, this does not explain the significant differences in dilemmas

two and three.
As already discussed, IRT analyses can be employed to account for

differences in difficulty/vagueness of available information. By taking
into account the complexities of the different information items, the
Rasch model gives more accurate estimates of how well players per-
formed and is more informative when it comes to drawing conclusions
about the current ability levels of the players compared to score-based
measures that do not take into account item difficulty. The difficulty of
the information items was estimated using a Rasch model (e.g.
Hambleton & Swaminathan, 1985), prior to feeding the values into the
analyses presented in this study. All analyses were carried out using the
data of the 68 participants who finished all dilemmas.

On average, participants performed better in the control condition
than in the experimental condition. T-tests comparing the per dilemma
person ability parameters between conditions supported the earlier
findings based on per dilemma scores, thereby confirming that the ex-
perimental manipulation indeed led to a difference in in-game perfor-
mance for analyzing between the two conditions. Person ability para-
meters, estimated using the Rasch model, are visualized in Fig. 3, again
per dilemma and per condition. The IRT analyses confirmed the earlier
score-based findings. By correcting for the item difficulty and bringing
person ability and item difficulty onto the same scale, the IRT analyses
introduced a “cleaned-up” ability estimate, that we can use to assess the
variability of the analysis scores throughout the scenario. A 2-para-
meter logistic model (2PLM) or a 3-parameter logistic model (3PLM)
might lead to even more accurate estimates of the person ability
parameter. However, because of the relatively small size of the data set
for estimating the item parameters, we chose to report the Rasch model
analyses. Furthermore, an analysis conducted using a 2PLM resulted in
issues in terms of model fit, while it also did not lead to meaningfully
different results.

3.2. Unobtrusively assessing ‘stress resistance’

3.2.1. Differences in (variability of) gameplay behavior between conditions
As a measure of experienced stress, higher within-person variances

in the experimental than in the control condition were hypothesized.
The within-person variances in the person ability parameter per con-
dition are visualized in Fig. 4. To test for significance, linear regression
or t-tests are not applicable, since the variance is not normally or t-
distributed. In Bayesian solutions, often inverse gamma distributions
are used to sample from the variance of a normal distribution (Lynch,
2007). Accordingly, a generalized linear model using an inverse gamma
link, from here on referred to as inverse gamma regression, was used to
test for between-condition differences in the within-person variances.
Condition was found to have no significant effect on within-person
variances (β1=−0.4134; t=−1.111; df=65; p=0.271). Hence, in
the next section we used the collected sensor data to test for possible

Table 1
Mean sum scores and standard deviations of dilemma and total scores per
condition; One-tailed t-test statistic with fitting adjustment method for degrees
of freedom.

Dilemma Control Experimental t-test statistic

Mean (SD) Mean (SD) t (df; p)

1. Pick up children 3.74 (1.432) 3.65 (1.602) 0.282 (78; 0.3895)
2. Laconic 4.14 (1.082) 3.54 (1.095) 2.455 (78; 0.008)∗∗

3. Exams 4.60 (0.695) 4.22 (0.947) 2.063 (65.115; 0.0215)∗∗

4. Train 4.26 (0.902) 4.00 (1.000) 1.203 (78; 0.1165)
5. Tight curve 4.07 (0.936) 3.73 (1.217) 1.411 (67.084; 0.0855)∗

6. Laboratory 3.72 (1.368) 3.49 (1.539) 0.721 (78; 0.2365)
7. Youth news 3.86 (1.246) 3.32 (1.796) 1.527 (62.755; 0.066)∗

8. Explosion 3.26 (1.720) 2.32 (1.857) 2.328 (78; 0.011)∗∗

Total Score 31.65 (4.956) 27.27 (6.332) 2.628 (67.811; 0.0055)∗∗

Note. ∗∗p < 0.05, ∗p < 0.1.

2 Provided in detail in Appendix B.
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relationships between within-person variances and experienced stress
level.

To further explore differences in (variability of) gameplay behavior,
we chose to extract more data from the game logfiles, keeping in mind
that we expected differences in gameplay behavior between different
levels of induced stress. One variable that could also differ between

different levels of stress is the amount of time an information item was
kept open and its variance. The average open time was computed per
dilemma to take into account that more vague information was kept
open much longer than less vague information. To correct for the dif-
ference in open time that we induced by our design (12min available in
the experimental condition for 40 information items compared to

Fig. 2. Comparison of scores per dilemma between conditions.

Fig. 3. Comparison of person ability parameters per dilemma between conditions.

Fig. 4. Sample distributions of within-person variances in the ability parameter per condition.
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15min in the control condition), we corrected the individual open
times for the total playtime of that respective player: all open times
were converted to a percentage of total time needed to finish the ga-
meplay scenario. In this way, we took out the by-design differences
between conditions and the individual working speed of players. As
visualized by the greater height of the blue curve in Fig. 5, participants
in the experimental condition seemed to have an overall smaller within-
person variance in open times than participants in the control condi-
tion. Using an inverse-gamma regression, the difference between con-
ditions was found to be statistically significant (β1= 2.0696; t=2.328;
df=66; p=0.023), indicating that participants in the experimental
condition divided the available used time on each dilemma more evenly
throughout the scenario.

Given that players had the opportunity to reopen already read in-
formation in order to read it again, the within-person variances of the
average per dilemma counts for this were also compared between
conditions. The inverse-gamma regression to test for effects of condition
on the within-person variance of the average per dilemma counts of
read information gave no significant result for condition effects
(β1= 4.7532; t=1.533; df=56; p=0.131).

3.2.2. Sensor data
Only two out of 11 measures derived from the sensor data revealed

significant differences at α=0.05 between the conditions: the differ-
ence between the maximum and minimum skin conductance
(β1= 1.6816; t=2.335; df=66; p=0.0226) was bigger, and the
maximum skin conductance throughout the gameplay (β1= 1.1891;
t=2.241; df=66; p=0.0284) was higher in the experimental con-
dition. The minimum skin conductance showed a significant relation-
ship with α=0.1 (β1=−0.4925; t=1.897; df=66; p=0.0623),
being lower in the experimental condition. Although only these three
sensor measures differed between the two conditions, we investigated
(curvi)linear relationships between sensor and in-game data. To test
these relationships between sensor and in-game data, significant dif-
ferences between conditions are not necessarily needed, although they
would be useful in finding relevant predictors for experienced stress
using in-game data.

The within-person variance computed from the person ability
parameters was not a significant predictor for any of the measures
identified by Holmgård et al. (2015); no linear or curvilinear relation-
ships were found. Looking at the measures that Holmgård et al. found to
be statistically significant at α=0.1, but not at α=0.05, none showed
significant linear relationships with the within-person variance of the
ability parameter. Neither were any curvilinear relationships found. As

described, players were able to reopen already read information and
read it again. Accordingly, the counts of how often information items
were opened on average were correlated to the sensor features using
regression analyses, as was the within-person variance of the per di-
lemma counts. The same was done for the average time an information
item was kept open and the within-person variance of this. However,
only the initial skin conductance was significantly related to the
average time an information item was kept open (β1=−2.638;
t=−2.208; df=66; p=0.031). At α=0.1, the last measurement of
heart rate was also significantly related to the average time an in-
formation item was kept open (β1= 8.973; t=1.862; df=66;
p=0.067).

3.2.3. Self-report questionnaire
Out of the 80 participants, 75 participants completed the perceived

arousal scale in the self-report questionnaire entirely. Four of the five
participants who did not entirely complete the self-report only missed a
few values. The fifth participant who did not complete the self-report
was excluded from further analyses that included the self-report data.
But first, the reliability of the Perceived Arousal Scale (PAS) was
checked. Cronbach's alpha was 0.82 for that scale, and Lambda2 was
0.835, suggesting that the reliability of the Perceived Arousal Scale is
satisfactory. Since the Affect Grid (AG) is a single-item questionnaire,
reliability analyses are not applicable. Alternatively, the correlation
between the AG and the PAS was tested to assess whether this scale is
reliable. The AG score was not significantly correlated to the score on
the perceived arousal scale (r=0.181; t=1.578; df=73; p=0.119),
meaning that results based on AG scores must be viewed with caution,
because since the AG did not seem to measure arousal consistently in
our sample. To be complete, we still tested possible relationships in-
volving the AG scores. Given the high reliability of the PAS, the few
missing data points of the four participants who did not give a response
on some items of the Perceived Arousal Scale were imputed, so that the
maximum number of participants could be used in all analyses invol-
ving the self-report and gameplay data. Table 2 summarizes the mean
scores and standard deviations for both scales per condition, as well as a
one-tailed t-test statistic testing whether the scores are lower in the
control than in the experimental condition, showing that there were no
significant differences between the conditions on both scales. Note,
only the self-report data of the 67 participants who completed both the
scenario and the self-report was used.

The relationships between both perceived arousal scales and sensor
data were also tested. A significant linear relationship was found be-
tween maximum skin conductance and the total PAS score

Fig. 5. Sample distributions of within-person variances of the time an information item was open per condition.
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(β1=−0.0536; t=−2.237; df=64; p=0.0288), when also taking
between-condition differences into account. Further, a significant linear
relationship was found between skin conductance range and the total
PAS total score (β1=−0.06874; t=−1.999; df=64; p=0.0499),
also taking into account between-condition effects. No significant linear
or curvilinear relationships were found between sensor data and the AG
scores.

A possible relationship between the PAS and AG scores and the
within-person variance in the ability parameter was also tested using
regression analysis; in both cases, the results were not significant (PAS:
β1=−5.800, t=−1.948, df=64, p=0.347; AG: β1=−0.3853,
t=−0.502, df=64, p=0.617). Neither were any curvilinear re-
lationships found. However, relating the within-person variance per
dilemma of how often information was read to the PAS and AG scores
showed higher correlations. The within-person variance of the per di-
lemma count of opened information was significantly correlated to the
PAS score at α=0.1, correcting for between-condition effects
(β1=−1.691; t=−1.755; df=64; p=0.084). Furthermore, the
average count of opened information was significantly correlated to the
AG score (β1=−0.841; t=−2.31; df=64; p=0.0241) and the
within-person variance of the per dilemma count was significantly
correlated to the AG score (β1=−0.348; t=−3.023; df=64;
p < 0.01), both taking into account the between-condition effects. The
self-report data were neither linearly nor curvilinearly related to the
average time an information item was kept open relative to the total
play time, nor to the within-person variance in that measure.

4. Discussion

The general aim of this study was to find an unobtrusive measure for
experienced stress in a digital serious game, by using different in-game
measures. The unobtrusive measure we used for experienced stress was
based on the variation in observed performance levels for analytical
skills throughout the gameplay. To find indications of the validity of
this way of measuring experienced stress, the gameplay data were re-
lated to condition, sensor and self-report data. While differences in
analysis scores were found between the two conditions, finding an
unobtrusive measure for experienced stress was less successful. The
collected physiological arousal data offered only few measures that
correlated with in-game measures. The chosen (simple) measures to
unobtrusively assess experienced stress were, at least in our sample, not
able to reliably measure the participants’ stress levels.

4.1. Effect of induced stress on in-game performance

The first research question questioned whether we can observe a
difference between the conditions with respect to the players’ perfor-
mance on the analyzing competency. The analyses confirmed that this
is the case. Changing the game pace influenced how well the in-
formation items offered in the game were analyzed, thereby being in
line with available literature suggesting that decision making can be
both calm and thought-through (strategic), but also spontaneous and
intuition-guided (intuitive) (Cooper, 2007; Endsley, 2000). Participants
in the experimental condition indeed seemed to play the game differ-
ently than participants in the control condition. Participants in the

experimental condition seemed to follow a more intuition-guided, not
thought-through, decision-making strategy, which in turn might be less
accurate due to a lack of situational awareness presumably caused by a
heightened stress level, thereby leading to biases in judgment (Tversky
& Kahneman, 1974).

Despite possibly following a more intuition-guided decision-making
strategy, participants in the experimental conditions in general spent a
similar amount of time on each dilemma, while participants in the
control condition varied more with respect to time needed per dilemma.
In the experimental condition the participants were provided with a
large alarm clock and regular announcements about the amount of time
left until the scenario was over; these changes could have resulted in
higher awareness of time. This was particularly interesting to find, since
it is in contrast to the higher within-person variances for participants in
the experimental condition that we initially expected. Looking at only
the participants who completed the entire scenario, the regular an-
nouncements and the large clock seemed to help to better plan ahead
for the rest of the scenario, and thus proceed to the next dilemma on
time, so that they were able to finish all of the upcoming dilemmas.

This more decisive, but intuitive, decision-making strategy actually
is desirable up to a certain degree (Veiligheidsregio Twente, 2016).
Quite often crisis managers struggle to be decisive, meaning that they
tend to spend more than the necessary time on one single problem. In
real-life crisis situations, the world does not stand still while the deci-
sion makers gather and analyze information. The crisis evolves, so that
the crisis managers must make decisions and cannot afford to think
about a single dilemma for too long. Still they must keep it in mind to
base their decisions on a thorough analysis of the available information,
so being too decisive also can have its downsides when information is
missed or wrongly interpreted. For example, just as in real-life crisis
scenarios, making decisions before all information is considered and
analyzed forces the decision makers to more often follow an intuition-
guided, less accurate, decision-making strategy. The available in-
formation might be vague, not directly implying the decision to make,
so the decision maker could be unable to correctly interpret the main
message of the information. Hence, the quality of the decision-making
process may decrease when decision makers act too decisively.

Analytical skills were not measured unobtrusively, as this was not
the aim of this study. It might be useful to develop an unobtrusive
measure for this competency as well. In real-life crisis situations, the
crisis managers do not specifically indicate what the available in-
formation implies. Crisis managers read or listen to information, in-
terpret it, and then move on with the process. An unobtrusive measure
for analytical skills would allow game developers to develop an even
more realistic serious game, thereby simulating realistic situations in
even greater detail. Additionally, in line with Shute's (2011) statement
about keeping players in a flow state to improve the learning experi-
ence, the game could help do so by employing unobtrusive assessment
methods for analytical skills.

4.2. Unobtrusive assessment of experienced stress

The second research question stated whether we are able to find
relationships between in-game measures and (physiological) stress
measures to be able to unobtrusively assess the experienced stress of a
player. As described earlier, knowing the current level of experienced
stress can help with improving the learning experience of a player, by
adjusting the game to the player's actual state. Being able to un-
obtrusively assess the experienced stress level is crucial for accom-
plishing that in a digital serious gaming context. However, in this study
the in-game measures for experienced stress were rather simple, and for
the most part they did not significantly correlate with the physiological
arousal data. Only the average time an information item was kept open
relative to the total playtime was significantly related to the heart rate
at the last measurement point and the first measurement of skin con-
ductance. Relating the self-report data to the in-game measures also

Table 2
Mean and standard deviations of Perceived Arousal Scale and Affect Grid scores
per condition; One-tailed t-test statistic with fitting adjustment method for
degrees of freedom.

Scale Control: Experimental: t-test statistic

Mean (SD) Mean (SD) t (df; p)

Perceived Arousal Scale 86.42 (10.485) 89.41 (8.317) −1.263 (65; 0.1055)
Affect Grid 6.55 (1.350) 6.83 (0.966) −0.930 (65; 0.1775)
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was not too insightful. Only the counts of information items read and
the within-person variance of these counts were significantly correlated
with participants' Affect Grid scores. Reading information less often and
a smaller variance in these counts, respectively, were associated with
higher Affect Grid scores. Overall, these results do not provide sufficient
evidence for the self-report measures to serve as an unobtrusive mea-
sure of experienced stress, given that a significant relationship was
found with only two out of 11 physiological measures.

These results could be explained through different means: First, the
variance in the available sensor measures was relatively low, making it
difficult to find meaningful relationships with the more variable ga-
meplay data. The (physiological) sensor measurements differed be-
tween conditions in only three out of 11 cases. This raises a question as
to whether the manipulation was effective enough to cause the desired
differences between the conditions with respect to experienced stress.
Second, the self-report measures were in line what the sensor data al-
ready implied. Both the Affect Grid and the Perceived Arousal Scale
scores showed no significant differences between the two conditions.
Third, we chose to employ rather simple methodologies. More sophis-
ticated methods could be more effective in finding relevant indicators
for the experienced level of stress. For example Bayesian networks, as a
popular probabilistic method in unobtrusive assessment (e.g. Shute,
2011; Wang, Shute, & Moore, 2015), could make better use of the
logged in-game data than the simple statistical models employed in this
research. Additional log-data to be considered could be, for example,
patterns of requesting information from only a few advisors (for ex-
ample, only police services and fire services), or patterns of ignoring
one advisor in particular. Fourth, based on the obtained results it seems

that we also induced a direct effect on performance, just because par-
ticipants in the experimental condition had less time to finish the sce-
nario. Although this was meant to be a stress-inducing factor, we do not
have a clear indication of whether this was the case, or whether the
shorter time itself caused the performance drop. Checking whether this
was the case could be subject of an additional experiment using two
conditions with the same amount of available time. Based on our study,
we can conclude that the manipulation caused differences in interacting
with the game, which is a promising insight for possible future research
into this topic. Last, it would be interesting to dive into similar research
with active professionals in the crisis management domain, to gain
insight into how the same mechanisms work in a closer-to-practice
setting and also to test more sophisticated methodologies.
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Appendix A

Table A.1
Description of the fourth dilemma, “Train”, and the five respective information items offered.

Dilemma Dilemma Text
“Train”

The truck has caused an international train to be stranded at the station of Trouveen; because the danger zone also includes parts of the rail
the train cannot go any further. There is a delegation of the “women of Srebrenica” in the train, they are on their way to the International
Court in The Hague. Approximately 150 passengers are being sheltered in a sports hall close to the station, where they are provided with
coffee, tea and cake.

Question Text Are you going to visit the sports hall to boost the morale of the stranded passengers?
Information

Item
Police Services You should remain inside the city hall. That way you are easily available for the operational leader. This is the best for the sake of this crisis.
Fire Services The situation is stable, but precarious. A captain has to stay on board. In other words: your presence is desired in the crisis team now.
Public Health
Services

If you would just show up in the shelter hall, that would also give a boost to the staff at the municipality.

Legal Advisor Nobody is indispensable. Your role in the crisis team can be fulfilled by the deputy mayor. You can afford to leave for half an hour.
Communication and
Press

It is good to show your involvement to the stranded travelers also. You have to fulfill your role as figurehead.

Appendix B

Table B.1
Correspondence markers for competency ‘Analyzing’ for response ‘Yes’.

Communication and Press Public health services Fire services Legal advisor Police services

Pick up children 1 0 1 0 1
Laconic 0 0 1 1 1
Exams 0 0 1 0 1
Train 1 1 0 1 0
Tight curve 1 0 1 0 0
Laboratory 1 1 0 1 0
Youth news 1 0 0 1 0
Explosion 1 1 1 1 1

The table displays the correct correspondence marker, given that the response on the dilemma was ‘yes’. If the decision was ‘no’ all values are
inverted. If a participant decides ‘yes’ on the dilemma ‘pick up children’, the participant should mark the information from the ‘communication and
press’, ‘fire services’ and ‘police services’ advisors as corresponding, while leaving the information of the ‘public health services’ and ‘legal advisor’
unmarked. If the participant does exactly this, the resulting score would be five. Hence, if the participant does the opposite while still answering ‘yes',
the resulting score would be zero. For each correctly set correspondence marker the participant receives one point. The dilemmas are scored
individually. When the participant did not read an information item, the item is considered as wrongly interpreted.
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Appendix C

The person ability parameters were estimated by continuously computing the marginal likelihood of the data under multiple hypotheses. For
each hypothesis, the marginal likelihoods were computed using an importance sampling based procedure with 10,000 samples from the proposed
parameter distribution of the posterior.

The initial proposal distribution of the ability parameter θ was a normal distribution N(0,0.1). Three hypotheses were compared:

− < <H : 0.1 θ 0.1a0

>H : θ 0.1a1

< −H : θ 0.1a2

This first comparison only gives a first direction of where parameter value might be. To find the correct value, the hypotheses are adjusted and
testing is repeated. Hence, if Ha1 turned out to be the most probable hypothesis, we now would test the hypotheses:

< <H : 0 θ 0.2b0

>H : θ 0.2b1

<H : θ 0b2

Also, the distances between the tested parameters are decreased when two hypotheses are about equally probable. This serves to find an accurate
value of the parameter. Hence, later hypotheses to test could be:

< <H : 0.5 θ 0.55c0

>H : θ 0.55c1

<H : θ 0.5c2

The procedure was repeated until the third decimal of θ was found.
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