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Abstract: Depression is one of the most common mental illnesses. Depression refers to a prolonged state
of low mood and decreased motivation. Insomnia and fatigue are common physical symptoms of
depression. Interestingly, depression is even visible in smartphone behaviours. Depressed people tend
to send more text messages, spend more time on a smartphone, lower time spent outdoors, and receive
shorter and fewer calls than non-depressed people. Moreover, depression negatively affects executive
functioning and working memory. The research aims to find out if game performance correlates with
mood fluctuations, individual differences in depression and smartphone behaviour. We expect that
people with more depressed moods will have worse reaction time, concentration, working memory,
and, thus, worse game performance. Depressed moods will be evaluated based on self-reports and
smartphone behaviour. A 14-day study was conducted during which participants played a game that
tested reaction time, concentration, and working memory. Participants also had to self-report their
moods twice a day before playing the game to measure the mood fluctuations. To check the individual
differences in depression, participants had to complete a questionnaire form at the study's start and
end. Another app, called Behapp, tracked the user's behaviour (GPS location, number of phone calls,
messages, and more) on the phone during the study. The results have shown that more calm people
tend to remember more rules. However, it was also found that more calm, fulfilled, and concentrated
people were completing levels at a slower rate than those who were less calm, fulfilled and
concentrated. We did not find effects of individual differences in depression and smartphone behaviour
on the performance variables. The potential reason for those results is a sample bias. Around 35% of
participants have left during the data collection because the study may have been too overwhelming.
Key words: a�ention, concentration, depression, mood, smartphone behaviour, smartphone game,
working memory.

1. Introduction
Depression is considered as one of the most

common illnesses of mental health. In the United
States, this illness is affecting more than 25
percent of adults. Depression is not only a
mental disorder. It also affects the well-being and
physical health of a human. Insomnia, weight
fluctuations, increased pain sensitivity, fatigue,
lower interest in sex, and weakened immune
system are the common symptoms of depression
(Goldman, 2019). Moreover, the research of
Christopher and MacDonald (2005) has found
that depression affects the allocation of a�ention
and working memory. In the experiment, the
participants with this mental disorder showed
more impairments in phonological and
visuospatial tasks than the control group without
symptoms of the disease.

The problem with detecting depression is
that people who experience that mental illness
tend to be more socially closed and therefore are
not visiting doctors about the issue (Elmer &
Stadtfelt, 2020). A potential solution to this
problem are smartphones. The study of Baqer
(2017) has shown that there exists a negative

correlation between happiness and depression.
Therefore, happier people tend to have a lower
probability of ge�ing depression. It means that it
is possible to find if a person is depressed by
tracking their mood.

Smartphones do not require social
interactions and have many mood-tracking
applications, each with its unique analysis. Some
of the applications are aimed to measure
depression directly. (Caldeira et al., 2017).

Additionally, there are other methods of
finding depression that can be done on a
smartphone. One of the methods is through
voice analysis. Depressed people tend to have a
range of their pitch and volume being dropped.
They start to speak fla�er, lower, and softer.
There is an application called "Cogito" based on
a machine learning algorithm that performs
voice analysis of a person and outputs the voice
produced by a depressed or non-depressed
person. However, the accuracy of the program is
not perfect, as it is about 75% (Smith, 2017).

Another method is through self-reports or
questionnaires. This is considered as the most
common method. The classic mood report
consists of thirty questions about a person's
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performance and feelings from the past week.
Each question is a statement, and participants
must agree with this statement on a scale from
one to five, where one is completely agreed, and
five is completely disagreed. Here is an example
question, "you are facing a lack of concentration".
There are also other variations of questionnaires
made for measuring depression levels for the
past day. One of them is the Patient Health
Questionnaire-9 (PHQ-9). That questionnaire is
measuring the level of depression. It was
measured that the accuracy of PHQ-9 in
identifying depression level is approximately
90% (Levis et al., 2019).

Moreover, depression can also be found by
observation of a person's behaviour. The
experiment of LiKam et al. (2013) has created an
app, "MoodScope," that collects daily mood
reports of participants and tracks their
communication history. It was found that people
who reported more depressive moods have sent
more messages per day than those who had a
less depressive mood. Additionally, it was also
found that people with the symptoms of that
illness tend to spend more time on their
smartphones and receiving fewer and shorter
calls (Razavi et al., 2020). Another observational
experiment has shown that depression also
affects time spent outdoors and sleeping hours.
People with more symptoms of depression are
oversleeping or undersleeping and spent fewer
hours outside their home compared to people
without symptoms (Doryab et al., 2014).

There is a smartphone game called "Wollie,"
which tests the cognitive performance (working
memory, task-switching, and focusing skills) of a
player. Wollie is an updated version of another
game called "Rules" from the App Store (IOS).
However, Wollie is only accessible in the Play
Market (Android). The initial aim of the
development of that application was to measure

how participants will learn while playing
and check the effect of learning on other tasks
(Doesburg & Taatgen, 2016).

Depression impairs executive functioning
and working memory (DeBa�ista, 2005). Since
Wollie requires working memory and executive
functioning in order to progress, it is expected
that people with depression are going to show
poor performance compared to non-depressed
people. Therefore, it may be possible to predict
the presence of depression based on game
statistics without the visit to a doctor.

The study of van der Zwan (2020) aimed to
measure depression based on Wollie game
performance. The short self-reported mood
questions were used to find the fluctuations in
mood. Those were the level of concentration,

calmness, self-worth and cheerfulness. The
questionnaires were used to find the individual
differences in depression. It was found that
be�er performance in the Wollie correlates with
higher concentration and self-worth. However, it
was also observed that higher depression scores
in the questionnaire led to increased
performance, which was not expected since
depression negatively affects working memory.

This study aims to replicate the study of van
der Zwan (2020) with additional depression
measuring methods. There are three methods in
total. The first one is mood questions for
measuring fluctuation in mood. On top of van
der Zwan's (2020) mood questions, the
talkativeness and energy mood questions will be
used. The second method is questionnaires for
measuring the depressive symptoms. This
method will remain the same as in van der
Zwan's (2020) study. The last method is
measuring depression through smartphone
behaviour (number of calls, duration of calls,
time spent in social apps, time spent at home,
and more).

In order to track smartphone behaviour, the
application "Behapp" will be used. A general
idea of Behapp is that it tracks a person's
location, communication history, and more. This
app can be a tool to measure a depression level
of a participant through behaviour.

1.1.    Research Question:

This leads to the research question:
Does depression correlate with the

performance in a smartphone game?
This research question can be divided into

three sub-questions:
1. Does game performance correlate with

self-reported mood fluctuations?
2. Does game performance correlate with

individual differences in depression?
3. Does game performance correlate with

smartphone behaviour?

It is hypothesized that depression will
negatively impact the performance in the
smartphone game "Wollie" because the game is
testing working memory while working memory
is negatively affected by depression.

2. Methods

2.1.    Participants

In the study were 31 participants (17
Female), with a mean age of 23 years and range
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18-34 years. The participants were recruited
online using the information brochure that can
be found in figure A.12. All participants were
fluent English speakers. No specific education
level was required for participation. Initially in
the study were 48 participants, 17 of them have
left.

2.2.    Materials

Materials for the research were classified as
depression measures and performance measures.
Depression measure materials were used in
order to estimate the fluctuations in mood,
individual differences in depression and
smartphone behaviour of a participant.
Performance measure materials were present to
find the participant's performance level.

2.2.1.    Depression measure

2.2.1.1.    Mood questions

Before each game session of Wollie,
participants were asked to answer twelve
questions on a scale from one to five. Where one
was for strongly disagreeing, and five was for
strongly agreeing. Those questions were
necessary to track participant's fluctuations of
mood each day over the study period. The first
eight questions were obtained from a
crowd-sourcing study that created a data
collection of experience sampling questions
(Krieke et al., 2016). Questions that were
correlating with depression were chosen. Those
questions were used in the study of van der
Zwan (2020). The other four questions were
created by analyzing other depressive symptoms
that were not present in the original eight
questions. The questions were designed so that a
participant could answer them with real-time
feelings by asking the question with the initial
phrase 'At this moment I feel …'. The list of the
questions can be seen below:

1a. At this moment, I feel calm.
1b. At this moment, I feel stressed.
2a. At this moment, I feel cheerful.
2b. At this moment, I feel down.
3a. At this moment, I am able to concentrate.
3b. At this moment, I am easily distracted.
4a. At this moment, I feel my life is worth living.
4b. At this moment, I feel I fall short.

5a. At this moment, I feel energized.
5b. At this moment, I feel tired.
6a. At this moment, I feel talkative.
6b. At this moment, I feel uncommunicative.

For each pair of questions, there existed a
positive and negative variant of the question.
The presence of negative and positive question
versions was necessary to avoid acquiescence
bias researched by Podsakoff et al. (2003). The
bias was that some people tend to always give
the highest possible answers without even giving
the proper a�ention to the question.

2.2.1.2.    Questionnaires

The questionnaires were used in order to
find the general individual differences in
depression. In the study were used in total three
questionnaires. The reason for using three
different questionnaires is to increase the
accuracy of predicting depression levels. The
first questionnaire was the Patient Health
Questionnaire (PHQ-9). It was used to measure
the current level of depression. PHQ-9 consists of
nine questions, where each should be answered
on a scale from zero to three. (Where 0 was for
"not at all" and 3 was for "Nearly every day").
The total score range of 0-9 meant that
participants have almost no depression. The
score from 10 to 19 showed a minor depression
or major depression level. The test with a score
higher than 20 indicated severe major
depression. Example question: li�le interest or
pleasure in doing things.

The second questionnaire was the
Perseverative Thinking Questionnaire (PTQ).
That one was needed to predict how likely the
participant was about to get depression. This test
asked to answer 15 questions ranging from 0 to 4
(Where 0 was for "Never" and was for "Always").
The total score of a questionnaire ranged
accordingly from 0 to 60. Example question: my
thoughts take up all my a�ention.

The last was the Cognitive Failures
Questionnaire (CFQ). This test was used to
measure gaps in a�ention. CFQ was made of 25
questions, and just like in PTQ, answers to
questions ranging from 0 to 4 (Where 0 was for
"Never" and 4 was for "Always"). The final score
was in the range of 0 to 100. Example question:
do you find you forget appointments?
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The list of all questions from questionnaires
are shown in figures A.1 - A.3.

2.2.1.3.    Behapp

Behapp was used in the study to measure the
participant's smartphone behaviour. Behapp was
an application created by Jagesar (2021), that
when installed on the smartphone, tracked the
behaviour and communicative history of a
participant. The app was able to track a person's
location, time spent in each app, count the
number of incoming and outgoing calls, and
much more. Behapp was automatically
forma�ing raw data and distributed them in
three sections. Those sections were location, call,
and app foreground usage. In total, Behapp
provided 60 unique variables. For the current
research, 6 variables from the total number of
variables were chosen. The variables were chosen
based on the connection to depressive behaviour.
As more depressed people tended to have fewer
and shorter calls, spend more time on a
smartphone, spend more time at home and send
more messages per day

From the location section:

1. Percentage of time spent at home.

As shown by Doryab et al. (2014), people
with depression tended to spend more time at
home.

From the call section:

1. Number of all calls.
2. Duration of all calls in seconds.

The duration and number of call variables
showed how long and how often in general
participants use calls. Razavi et al. (2020) showed
that receiving shorter and fewer calls were
connected with higher depression.

3. Number of missed calls.

The avoidance of the calls was also a sign of
depressive symptoms.

From app foreground section:

1. Duration opened communication apps
in seconds.

2. Duration opened social media apps in
seconds.

LiKam et al. (2013) have reported that the
more messages sent by a participant per unit of
time, the more depressive a participant was.
Since Behapp cannot track what exactly a
participant was doing in the app (it was
impossible to track the number of messages
sent), the variables of time spent in the app were
the closest to the number of messages sent per
day.

2.2.2.    Performance measure

2.2.2.1.    Wollie

Wollie was an application used to measure
the performance of a participant. The game
measured executive functioning and working
memory since it required participants to
remember different rules. The goal of the game
was to pass through as many levels as possible.
Wollie has in total 18 levels. The first nine levels
were in beginner mode. The other nine levels
were in expert mode. Each level was made out of
10 sub-levels, wherein each sub-level, a new rule
was introduced. To complete a level, participants
must have remembered the rules given in each
sub-level and tap the tiles in the order given by
the rules. In the first sub-level, a first rule was
given. The second sub-level already has a rule
from the 1st sub-level and introduces a new rule
from the current sub-level, and so on (the third
sub-level has two rules from the first two
sub-levels and the third one from the current
one). Sub-level represented a four by four grid
with 16 tiles in total. Each tile was featured by a
number from one to ten with a random image.
The image could be an animal, a monster, a car,
and more. Additionally, each

image was represented by a particular
colour. Here is an example of two rules from the
game.

Rule 1: tap numbers in descending order
Rule 2: tap all things green.
If a participant is currently starting a level 1

game, the game shows a rule of 1st sub-level and
a continue bu�on (a rule-introducing screen).
When a participant remembers a rule and
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presses the continue bu�on, the first sub-level
starts, and a 30-second timer plays. The
participant starts pressing the tiles. If a tile was
pressed correctly by the rule, the tile disappears.
If a guess was wrong, the error sound is played,
and the tile is flashed with red colour. There is a
0.5-second delay before another tile can be
pressed, not to allow participants to press several
tiles at once and guess them. When all tiles from
the 1st sub-level have disappeared, a participant
gets 14 more seconds to the timer, and the
second rule-introducing screen appears, which
shows a second rule. When participants have
learned a second rule and pressed a continue
bu�on, the second sub-level starts. Now,
participants must tap all the tiles according to
the second rule. When all the tiles representing a
second rule have disappeared, the game shows a
small text on the top of a screen that asks the
player to start tapping the tiles according to the
first rule (the game does not show a rule directly,
it shows a number of a rule), which was initially
showed before the play of first sub-level. If a
player reaches a tenth sub-level, the player must
already remember ten rules in order to complete
it. When the last sub-level of the first level is
completed, the second level is unlocked. The
second level can now be accessed from the
level-choosing screen. If the timer reaches zero
seconds, then the game stops, and the player
loses a level. Each new level introduces a harder
set of rules which can be encountered. When the
nine levels of beginner mode are finished, the
expert mode is unlocked. Expert mode has the
same rules but has less time to finish it. Expert
mode gives only 20 seconds to finish a level, with
only an addition of nine seconds per sub-level
completed. The screenshots from the Wollie
game can be seen in figures A.4-A.7

The Wollie game has multiple performance
measures. Four of them were chosen.

1. Maximum level reached
The maximum level reached was a variable

that represented the level that participants have
reached during the session. It indicated how fast
participants were progressing through the game.

2. Accuracy of correctly pressed tiles
Accuracy showed the percentage of correct

moves participants made during the session. The
correct move was represented each time when
the participant correctly guessed a tile-based on

the given rule. An incorrect move was when the
wrong tile was pressed.

3. Number of rules remembered
The rules remembered variable represented

a number of rules a participant has remembered
during the session.

4. Percentage of completed rules
The percentage of completed rules was

measured by dividing rules remembered by their
sum with forgo�en rules. The rule was
considered forgo�en if participants guessed a
wrong tile three times in a row. There were
several reasons for guessing the wrong tile, such
as not finishing looking among all the tiles or just
a simple misclick. Therefore participants have
two tries before the rule was considered
forgo�en

2.3.    Procedure

2.3.1.    Participant recruitment

The information brochure was published
online that describes requirements, tasks, and
rewards for participation. The contact details of
one of the researchers were present in a
brochure.
The requirements were:

● Android smartphone with at least Android
version 5.0 (Lollipop).

● Age should be between 18-35
● Not colour blind
● Not working late night shifts
● Available for 14 days in a row without

expecting large variations in the daily routine.
Tasks were:

● Install two apps on the smartphone.
● The first app was tracking the behaviour

(the time spent outside and inside the home,
number and duration of calls, time spent on the
communication and social apps - all info was
superficial, so it is not possible to look into what
exactly participant was doing in those apps).

● The second app was a game.
● A participant must have played the game

for 5 - 10 minutes twice a day for a period of 14
days and fill a mood report before each session.

● Participants were asked to fill in
questionnaires at the start and the end of the
research.
Rewards were:

● A 20 Euro money compensation.
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● Personalized report about participant's
behaviour and performance.

. When interested subjects contacted the
researcher, they received and filled an online
informed consent form where they agreed with
the requirements and the tasks. Participants were
not informed about the topic and research
question of the research.

2.3.2.    Pre-test

Recruited participants were asked to fill in
three questionnaires. When questionnaires were
completed, participants provided researchers
with their Google accounts in order to give them
access to the Wollie application, as access to the
application was private. When access was given,
participants received a video explaining how to
set up Behapp and Wollie. Video also asked
participants to set two alarms that reminded
players to play Wollie. In both apps, participants
were asked to give permission to external storage
in order to track the data. That

data was later sent to the researchers and
Behapp. By the end of the pre-test, participants
had to read through game instructions in order
to learn how to play.

2.3.3    Test

On the first day of the experiment,
participants had time to finish the installation of
apps and practice 5-10 minutes before the next
day starts with the research. When the actual test
started, participants were required to play Wollie
two sessions per day for 5-10 minutes each. If a
participant has lost the game by playing it only
for 2 minutes, the participant must have played
Wollie again until the player reached a minimum
time of play of 5 minutes. After that, the
participant may have exited the game until the
next session or continue playing until the
maximum time of 10 minutes has been reached.
Participants knew how much time they must
play by the progress bar on the main screen.
When a player left the game, progress was saved
on the smartphone. The break between the two
sessions must have been at least two hours.
Wollie has not allowed to play a game if the first
session of the game started at 23:00, as the next
session would already occur on the next day.
Therefore, it was recommended to play Wollie in
the morning and afternoon. The sessions which

were not finished were not recorded in the
research data. Each night at 5:00, Wollie was
a�empting to store the game log files on Google
Cloud Storage of Firebase, where the results of
each participant can be seen by the researchers. If
it was detected that one of the participants was
not active, that was a sign that the participant
had left the playing.

2.3.4    Post-test

The participants who played Wollie for all 14
days have received questionnaires which they
have completed in the pre-rest to complete again.
When questionnaires were completed for the
second time, participants provided the bank
details and received the 20 euro compensation.
Additionally, they have received the
personalized report with their own performance
and behaviour.

2.4.    Data analysis

Data analysis will be done with the help of
RStudio, based on the programming language R.

Data of participants who have not finished
testing and left during the experiment was
removed.

In order to find the effects of depression on
the performance in Wollie, the ANOVA
statistical test was chosen. Three separate
ANOVA models were used to analyze the effect
of mood fluctuations, individual differences in
mood and smartphone behaviour on executive
functioning and working memory using the
game performance data.

2.5    Pre-processing

2.5.1    Mood questions

In order to analyze the fluctuation in mood,
it is necessary to look into responses to mood
questions.

The questions had a positive and negative
version of themselves. Therefore, the Spearman
correlation test was done to ensure that
participants were answering questions honestly.
The correlation test can be seen in figure A.8. The
figure shows that negative and positive versions
of questions are significantly correlating. Since
correlation is present, both versions of questions
were combined to simplify the statistical
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analysis. The combination was done by reversing
the negative version’s self-reported scores and
averaging it with a positive version of a mood
question.

Another spearman correlation test was done,
where mood questions were compared with each
other to avoid a possible multicollinearity
problem in the data analysis. The test is shown in

figure A.9. As it can be seen from the
correlation test, questions do not correlate with
each other.

2.5.2 Questionnaires
The correlation test was done to check if

pre-test and post-test questionnaires data are
correlating.

For a PTQ test, [t(31) = 3.07, p = 0.004].
For a PHQ test, [t(31) = 6.11, p < 0.001].
For a CFQ test, [t(31) = 8.04, p < 0.001].

Since the pre-test and post-test of each
questionnaire have a strong correlation, the
pre-data and post data were combined in one by
averaging them.

The combined questionnaire data was tested
in correlation with itself for the same reason of
multicollinearity avoidance. The test can be seen
in figure A.10. PTQ, PHQ and CFQ
questionnaires were not correlating with each
other.

2.5.3 Behapp
In the case of smartphone behaviour, the

Pearson correlation test was chosen because
Behapp has interval variables, while mood
questions and questionnaire scores were made of
ordinal variables. The results of the test can be
seen in figure A.11. It is shown that the number

of calls correlates significantly with the duration
of all calls, with the number of missed calls and
the percentage of time spent at home.
Additionally, the duration of all calls is
significantly correlating with the number of
missed calls. Therefore, in order to avoid the
multicollinearity in the smartphone behaviour
ANOVA model. The number of calls and number
of missed calls were removed from the model.

3.    Results

3.1     Fluctuations in mood

ANOVA test was done to find whether there
exists an effect of mood question score on the
Wollie performance. The results of the test are
shown in figure B.1. The test showed that there
is a variable with significant effect on the
number of remembered rules, that is a calmness
question score [t(1, 822) = 6.45, p = 0.011], and
three variables that have an effect on the
maximum level reached per session, those are
calmness [t(1, 822) = 9.25, p = 0.0025],
concentration [t(1, 822) = 4.84, p = 0.0278] and
fulfillness [t(1, 822) = 6.31, p = 0.0122]. The
maximum level reached during the whole
experiment has not shown any significant
variables, as well as accuracy of correctly pressed
tiles and percentage of completed rules.

The effect of the calmness question
score on the number of remembered rules
is shown in figure 1.
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Figure 1: A graph with a mean number of remembered rules over the calmness mood question
score

The graph shows that people who picked a
higher score for the calmness question have
remembered, on average, more rules per session
compared to ones who picked less. Those results
line up with the hypothesis, as it was expected
to have be�er performance when people feel
calm and not stressed.

The effect of calmness, concentration, and
fulfillness questions on the maximum reached
can be seen in Figure 2.
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Figure 2: A graph that shows the mean maximum level reached per scores of calmness,
concentration and fulfillness questions.

The graph shows that participants who feel
more fulfilled and more concentrated are
completing levels slower than those who
reported feeling not worth living and being
distracted. The same results are for the calmness
score. The less calm the participant is, the slower
participant is completing the game. However,
the calmness line on the graph contains a spike
in the end. This is because only one of the
participants was able to score a higher level on a
higher mood question score. Those results do
not fit the hypothesis, as it was expected that
people who are calmer, concentrated, and more
fulfilled would perform be�er with higher
mood scores. We got opposite results. More
calm, concentrated and fulfilled participants
were performing worse with higher mood
scores.

Moreover, the contradiction was obtained. It
was shown that higher calmness scores increase
the number of remembered rules and decrease
the speed of completing the levels.

3.2     Individual differences in depression

There were, in total, three questionnaires
that participants did to measure the individual
differences in depression. Those are PHQ, PTQ
and CFQ.

The ANOVA test was made to rate the
significance of the questionnaire's effect on the
performance variable. The results of the test can
be seen in figure B.2. As can be seen, none of the
questionnaire scores had a significant effect on
any performance variable. Since no significant
impact was found, questionnaire scores have not
shown that current depression level (PTQ), the
likelihood of ge�ing depression (PHQ) and gaps
in a�ention (CFQ) negatively affects the
performance in a game.

3.3     Smartphone behaviour

Behapp is a behaviour tracking app that was
installed on the smartphones of the participants
to measure the participant’s smartphone
behaviour. The ANOVA test was made to
determine if the significant effect of Behapp
variables was present on the performance
measure variables. The impact of Behapp
variables on performance variables is shown in
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figures B.3-B.4. It was found that there were no
significant effects of Behapp on Wollie
performance. Therefore, it is shown that the
number of calls, missed calls, the number of text
messages sent, time spent on the phone, and
time spent at home do not correlate with Wollie
gameplay.

4      Discussion

4.1    Findings

This study aimed to determine whether
game performance correlates with depressive
symptoms. It was hypothesised that depression
is associated with impairments in playing the
game. That research question was divided into
three sub-questions. The first sub-question is
about how game performance correlates with
mood fluctuations. We assumed that people
with more calm, cheerful, concentrated, fulfilled,
energised and talkative (overall less depressed)
behaviour will show be�er game performance.
The obtained results were both rejecting and
confirming the hypothesis. The participants who
reported themselves with more calm behaviour
have remembered more rules per session.
However, participants with the same score for
calmness have progressed through the game
slower (fewer levels completed per session) than
those who were less calm. Those results
contradict each other since participants who
remembered more rules should have progressed
through the game faster, as it is needed to
remember ten rules to progress to the next level.
It turns out that those participants who have
remembered more rules, on average, were most
of the time away from finishing the level. This
can be explained by the fact that each level is
more complex than the previous one. Those who
initially progressed through the game faster
than the others have met the rules that are
harder to remember. Therefore, they started to
remember fewer rules on average than those
who are still on an easier level.

Moreover, players who considered
themselves more concentrated and fulfilled have
progressed through the game slower than those
who were less concentrated and fulfilled. This is
interesting, especially with concentration, since
concentrated participants should perform be�er
than non-concentrated. Our findings instead

showed that participants who felt more
concentrated performed worse than participants
who reported to be less concentrated. The study
made by Zwan (2020), which we are replicating,
has received different results. The participants
in the original study have remembered more
rules, completed more rules and had higher
accuracy of correctly pressed tiles with higher
concentration. While in this study, no effect of
concentration was found on those variables.

The second sub-question was about the
correlation of game performance with individual
differences in depression. The individual
differences in depression were measured with
three questionnaires, which are PTQ, PHQ and
CFQ. It was expected that people who had
higher scores in those questionnaires would
have shown worse results in the Wollie.
However, the questionnaires did not have any
effect on the performance variables. In terms of
PHQ, in our study, we had three participants
with a severe level of depression, nine
moderately severe, eleven moderates, four mild
and four minimal. Generally, the study had
participants with all levels of depression
severity. One of the possible reasons for not
finding the effect is the fact that we obtained
data from a limited number of participants (31).
The original study of this experiment by van der
Zwan (2020) has got a significant effect.
However, the effect was the opposite of what
was expected. People who had higher scores of
PHQ have remembered, completed more rules
and reached a higher level of the game. One of
the possible explanations for the different results
is the percentage of depressive people in the
experiment. The van der Zwan’s (2020)
experiment had only five severely or moderately
severe participants out of 49 (10%). While in this
study were nine severely

depressed participants out of 31 (29%). The
increase in the depression level of this study
can be explained by the study of
Bueno-Notivol (2021), which states that
depression prevalence during the COVID-19
pandemic has increased by seven times. The
original study was conducted when the
COVID-19 just started. Therefore, depression
prevalence was not as high as in 2021.
However, at the same time, it could also be a
sampling bias
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The last sub-question of this study is about
game performance correlation with smartphone
behaviour. It was expected that people who stay
more at home, have fewer and shorter mobile
calls, send fewer text messages and spend more
time on their phones are more depressed.
Therefore, those people should have shown
worse performance in the game than those who
have opposite behaviour. The Behapp
application was used to track the smartphone
behaviour of participants (time spent at home,
time spent in social media/communication apps,
number of missed calls, number and duration of
calls). The results of this study have not shown
any significant effect of phone-derived social
contact variables on the game performance. The
reason for not finding the effect is that Behapp
was not supporting all Android manufacturers.
Therefore only twenty participants out of
thirty-one were able to set Behapp working
correctly. Not only the lack of participants was
the reason. Behapp requires an internet
connection in order to keep track of the data. We
asked our participants to always be connected to
the internet. However, we observed that many
participants were missing internet connection,
which has led to a loss of smartphone behaviour
data.

4.2     Limitations

One of the limitations of this study is that it
is too overwhelming. We asked our participants
to answer 24 questions and play the game for
10-20 minutes per day in the period of two
weeks. Additionally, they were always required
to be connected to the internet. Due to those
overwhelming requirements, participants may
have begun to not give a serious answer to the
mood question or stopped to pay a�ention to
the game itself. That also led to the session
skipping. There were 109 skipped sessions in
total out of 744. On top of that, 17 out of 48
participants (35.4 %) dropped out of the
experiment.

Another limitation of the study is the
different weight of the performance measures.
In the game, there are a total of 18 levels. Half in
the beginner mode and half in the expert mode.
The game measures the percentage of correctly
pressed tiles, the number of remembered rules,
percentage of remembered rules. The problem

is, for example, 80% of correctly pressed tiles in
level 1 and 80% of correctly pressed tiles in level
18 are entirely different results. Since level 18
has more complex rules than level 1 and,
therefore, requires more a�ention and working
memory. However, in the experiment, the game
performance from different levels was
considered on the same scale. So 80% of
accuracy in levels 1 and 18 had no difference in
the experiment's results analysis. The
consideration of each level's difficulty would
have made the analysis of the data complicated.

4.3      Future work

The possible improvement for the
experiment is to create one universal level for
the game to avoid the different weight of the
performance measures. The player can play the
game until the player loses it. For example, a
game has a pool of 30 rules, and each rule is
chosen randomly.

The four by four grid of tiles will not be
enough for 30 rules. Therefore, a five by five grid
will be created. Additionally, the player will
only be allowed to make a mistake three times,
or the game will end. This will not allow players
to pick tiles randomly and will eliminate the luck
in the game. In this case, it will be hard to reach
the end of the game since remembering 30 rules
is almost impossible. Players are always going to
start from the same level of difficulty. Therefore
the weight of the performance variables will be
the same. Moreover, game performance
variables such as the number of remembered
rules, percentage of completed rules and
accuracy of correctly pressed tiles will be
unnecessary. Since now, the game performance
can be only judged by the last level reached.
That is going to simplify the analysis of the
result. This possible improvement to the game
could show more results that are lining up with
the hypothesis.
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Figure A.1: A list of  PTQ-9 questions

Figure A.2: A list of PHQ questions.
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Figure A.3: A list of CFQ questions.
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Figure A.4: Main menu and the progress bar.

Figure A.5: The level choosing screen
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Figure A.6: An introduction of the new rule screen

Figure A.7: The gameplay screen
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Figure A.8: A Spearman correlation test between negative and positive versions of mood questions.

Figure A.9: A Spearman correlation test of mood questions. *Shows the significance.

Figure A.10:  Correlation test of Spearmen, where questionnaires were compared. * Shows the
significance
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Figure A.11: a Pearson correlation test. The Behapp variables were compared. * Shows the significance.

Figure A.12: Information brochure.
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B. Appendices

Figure B.1: ANOVA results of the effect of mood questions on game performance
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Figure B.2: The results of ANOVA test on the questionnaires
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Figure B.3: ANOVA results of Behapp variables’ effect on the accuracy of correctly pressed
tiles and on a number of remembered rules
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Figure B.4: ANOVA results of Behapp variables’ effect on a percentage of completed
rules and on a maximum level reached
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