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ABSTRACT

As social beings, humans pursue happiness by craving to foment and maintain fulfilling so-
cial relations, a need that transcends from personal into professional life and that leveraged
the study of psychological factors that can influence teamwork processes and outcomes.
Following this tendency, the present work studies how the pairing of people with distinct
interaction preferences influences their acquired ability and experience while training to-
gether. For this, a puzzle video game named Alien Bar was deployed and used to evaluate
31 pairs of players (n = 62). The results demonstrated teamwork benefits of including
self-oriented and challenge-oriented subjects, and that care should be raised when joining
others-oriented characters. Additionally, interpersonal closeness influenced subjects’ ex-
perience at the perceived competence level, but not their enjoyment which may instead re-
late to task affinity. These findings may help develop instructor-driven and automatic group
management, otherwise dependent on possibly inaccurate subjects’ judgements alone.
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Introduction

Given their social nature, humans aim to achieve well-being and happiness by fomenting
and maintaining gratifying social relations. This need transcends onto other animal com-
munities such as primates, determining their societal ranking and reproductive success (Silk
et al. 2013). In search for purpose and significance in their social connections, humans
identify and assimilate practices and values from their environment. Such values are crucial
for functional participation in various settings like sports, work, and school. In fact, accord-
ing to the Self-Determination Theory (Deci and Ryan 1985; Ryan and Deci 2023), humans
have basic needs for competence, relatedness, and autonomy, and these needs are satisfied
in environments that promote well-being, contrasting with controlling environments that
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foment negative affect like apprehension and defensiveness towards others. As such, given
that we spend a considerable portion of our lives working (Campbell 2017), it is assumed
that our relationships at the work environment should be the most harmonious possible for
us to routinely feel well and more willingly achieve settled goals.

Previous research has given particular attention to psychological factors that can influence
the processes and outcomes underlying teamwork, notably habitual feeling states such as
personality (Bradley et al. 2013). This research advocates that, beyond more direct task lik-
ing or interpersonal closeness (Gino and Galinsky 2012), the personality make-up of a team
helps shape both the processes and outcomes that underline teamwork. Thus, we believe
that more intrinsic aspects can be considered by instructors as well as game designers, when
developing or tuning automatic systems for group management and game matchmaking.

Inspired by these thoughts, in this article, we study how personal preferences can combine
to drive effective teamwork, i.e., if subjects with a disposition to interact in a certain way can
fare better when working alongside subjects with other specific interaction preferences. For
instance, we explore in which cases we can expect ‘similarity attraction’ (Insko et al. 1973),
in the sense that subjects alike enjoy being paired; which cases can corroborate the ‘com-
plementary hypothesis’ (Dryer and Horowitz 1997), in the sense that subjects’ conduct can
complement each other in completing a task; or even if certain profiles can have a more
general appeal and work well alongside multiple profiles.

Our premise is that good team-driven learning outcomes and experience may emerge not
only through task liking and interpersonal closeness (Gino and Galinsky 2012), but also
when harmonious interaction preferences are present. In our work, we consider interaction
preferences for completing a task in a certain manner, for instance, some people might prefer
to complete a collective task by helping peers in need while others may prefer to compete
with their peers. Thus, we explore the following research questions:

RQI1: When working together, how can the interaction preferences of subjects influence
their and their peers’ acquired ability and experience?

RQ2: Before working together, can subjects accurately estimate, solely based on their and
their peers’ interaction preferences, the most successful way in which the group should
interact?

RQ3: Besides interaction preferences, how can other variables such as task liking and in-
terpersonal closeness affect the development of ability and experience?

To respond to these questions, we start by presenting a simple model that profiles interaction
according to two dimensions: Focus that connects to the tendency of subjects to pay atten-
tion to themselves or others while interacting; and Challenge that distinguishes embracing
an easier or harder route for task completion. Afterwards, we present Alien Bar (Gomes
et al. 2024), a puzzle video game in which a player combines fictitious ingredients to form
recipes (see Figure 1). Alien Bar worked as a training task for the intents of this study.
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Figure 1: Screenshots of the menu {Figure 1a) and gameplay {Figures Th o 1d)
of Aliew Bar. The gameplay screenshots demonstrate different game modes.
Figures 1b and ¢ demonstrate the Traiming game mode from different in-game
stations. Figure 1d is a screenshot of the game in its Swevivad misde,

Considering all the aforementioned aspects, this document is organised as follows. Firstly,
wie review studies on the psyvehology of work-driven social relations and describe the inter-
action model considered for our experiments. Atterwards, we deseribe the game Affen Bar,
Then, we present our experimental process and evalustion, Later, we discuss the practical
implications of our findings, and present some limitations and concluding remarks.

Background

o comtextualise the current study, we start by reviewing research on social relations present
in a work setting. and afterwards we discuss research on how to profile a subject’s interaction
preference,

The Psychology of Work-Driven Social Relations

Based on the sort of interaction developed among workers, research has divided the tvpes of
workplace relationships info three categories: work acquaintances, work friends, and social
friends { Henderson and Argyle 1985). Work acquaintances consist of purely formal relations
that are superficial and task-orented, and neither have liking or disliking connotations: work
fricnds are more intimate but still limited, in the sense that friendship social relationships
exisl, bul are constrained w the work environment: and when there s an intimale enough
relation between workers, they become social friends that meet at social events owtside of
thi work setting. As such, o produce a harmmontous work setting, work environments are
ofien set up and laid out in a pleasant and comfortable way, and ofien promote a culture of
inclusion that eases the proliferation of social relations, Even so, while perceiving closer re-
lations, subjects may implicitly feel af ease o communicate negative information, motivated
bv the protection of their peers instead of self~enhancement {Dubois et al. 2016). Keeping
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this in mind, a question is raised: is the pursuit of closer social relations enough to foment
productive and fruitful teamwork, and can we further aid this by exploring the specifics of
work affiliation, notably the presence of compatible interaction styles? To approach such
a question, we will consider psychology-driven research relating teamwork to individual
differences.

Multiple models have been proposed to characterise personality, notably the Myers-Briggs
Type Indicator (MBTI) (Myers et al. 1998) that characterizes subjects according to five
dichotomies: Extraversion or Introversion (E-I), Sensing or Intuition (S—N), Thinking or
Feeling (T-F), and Judging or Perceiving (J-P); and the Five Factor Model (FFM) (McCrae
and Costa Jr 2008) that profiles subjects according to five dimensions: Conscientiousness,
Agreeableness, Neuroticism, Extraversion, and Openness to Experience. These have served
as a base for multiple studies regarding teamwork, which indicated that the composition of
a team, that is, the psychological profiles of its members (Lewis and Smith 2008; Ahmed et
al. 2010; Omar and Syed-Abdullah 2010; Shuto et al. 2017) or team coordinator (Rodriguez
Montequin et al. 2013) have an impact on team performance and experience (conflict and
satisfaction). For instance, some research defends that teams in which members have diverse
profiles may succeed in challenging or more creative tasks as members can adjust to differ-
ent roles, contrary to homogeneous teams that fare well in less challenging tasks (Omar and
Syed-Abdullah 2010; Mazni et al. 2010). Furthermore, some research defends the consid-
eration of personality diversity for group management over students’ self-assigned groups
or the creation of groups solely based on technical ability (Rutherfoord 2001).

The same line of research also insights how specific traits lead to better teamwork in certain
environments, for instance, that the presence of members exhibiting higher extraversion
and agreeableness, as profiled by FFM, can be beneficial in teams for computer science
projects and that the positive effect of agreeableness prevails when teammates interact face-
to-face (Omar and Syed-Abdullah 2010; Bradley et al. 2013); or that MBTI teams with
intuition-profiled members will excel in creative tasks (Rodriguez Montequin et al. 2013).

Different FFM research also verified, among other aspects, that learning can be promoted in
teams having members with similar levels of Neuroticism, or diverse levels of Extraversion
or Openness to Experience (Shuto et al. 2017). Even so, the same research suggests that the
influence of personality in learning may also vary with the teaching style of a course, namely
with discussions, based on practice, or using exercises. Additionally, while defending the
self-improvement benefits of students’ insight about their and their team’s FFM profile,
Ogot and Okudan (Ogot and Okudan 2006) further review and relate an extended amount
of literature on FFM traits in teamwork, assessing how the FFM makeup of a design team
affects its dynamic. It is suggested that for some traits, homogeneity is preferred, e.g., low
values of Neuroticism and high levels of Agreeableness, and in some other traits such as
Extraversion and Conscientiousness, some heterogeneity may benefit team capability.

Furthermore, Rodrigez Montequin et al. (Rodriguez Montequin et al. 2013) measured the
work quality produced by teams of a Project Management class implementing project-based
learning. The authors proved that teams in which members had strong leadership MBTI
profiles, e.g., ENTJ or ESTP, managed to achieve better results than teams in which members
had MBTI profiles with weak leadership qualities and lower motivational skills, particularly
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Figure 2: The space formed by Focwus and Challenge.

the ones that imply the need for clear and strict organizations: [5TJ and EST], Ahmed
and colleagues (Alimed et al. 20000 also revealed that fourth yvear undergraduate software
engineering students who were MBTI thinkers and judges performed especially well in such
a subject, as evaluated vsing paper-based exams, assignments, projects, and quizses,

Although the previeus studies give broad inﬁ.ighi o what team ::u;:umpnnili{:n:i can he con-
sidered more or less beneficial, they focus on the habitual feeling states of subjects instead
of their interaction preferences while completing a task. The latter is also relevant, consid-
ering that the influence of feeling states in eamwork can vary with the stvle of task {Shuto
el al, 200 7)., Thus, we believe on ihe value of contribuding to teamwork research by fackling
how subjects” task-directed interaction preferences combine well in teams. Sur fow can
we moled fask=civecied interaction preferences? We approach this aspect in the following
section.

Muodelling Social Interaction

To suit the needs of our study, we considered a simple model (o represent subjecis” in-
teraction preferences as they perform a task, drawing its dimensions from previous re-
search (Alves et al, 20200 Gomes et al. 2022), To create a holistic view of ihe interaction
styles expressed in collective tasks, an interaction space was formed by joining two dimen-
sions: Foous and Challenge (see Figure 2, Firstly, Focns distinguishes subjects” tendency
to interact while paying attention to themselves or others. As an example, consider an aca-
demic scenario in which Focus 18 ranslated to the difference between studving alome or
studying by aolving exercises with others, Secondly, Challenge distinguishes the intention
of the subject who interacts between “Facilitate” and *Complicate”. In other words, this
dimension differentiates between embracing an easier or more challenging route for task
completion, Consider, for example, that students can prepare [or anoexam by teckhing the
minimum required exercises (either alone or with others), or they can challenge themselves
or others with hard assiznments.

In Figure 2, we labelled four areas corresponding o different Focus-Chollenge combina-
tion=. that can be described as:
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 Self-Facilitator: the focus on facilitating own task progression, that is, opting for the
most effortless route. This interaction may relate to a slower and highly granular
learning process, and may be reflected by a student who prepares for an exam by
studying easier exercises alone until reaching the knowledge required to solve the
exam.

 Others-Facilitator: the consideration of an altruistic task completion as a way to learn,
assisting others in following the path of least resistance. At an extreme, we can think
of a peer helping other peer to study for an exam, even if that just means wasting time
from the functional perspective of the helper. Nevertheless, the helping peer may
inadvertently be learning and/or consolidating their knowledge, a form of the protégé
effect (Chase et al. 2009).

o Self-Challenger: the completion of complicated self-oriented tasks as a way to learn.
This interaction may relate to a faster and less granular learning process, led by the
pursuit of difficulty and personal growth. As an example, a student can prepare for
an exam alone by studying difficult exercises.

* Others-Challenger: encouraging and motivating others to challenge themselves. We
can think of a student that prefers to learn while inciting other students to solve more
demanding exercises.

Alien Bar

The present work applies the game Alien Bar (Gomes et al. 2024) as a training task. This
game is similar to Cook, Serve, Delicious!" or Overcooked!*, in the sense that it is a con-
tinuous game in which players use ingredients to form recipes. Yet, unlike those games,
all ingredients and utensils present in Alien Bar have fictitious names (like Thirpunasorec
and Orgeine), and its mechanics are built in such a way that in-game tasks become memory
puzzles. The repository for the code of the game is available online, hosted on the GitHub
platform?.

The game was configured with a total of five difficulty levels. Yet, the levels considered by
the game depend on the game mode. Each difficulty level comprehends a set of recipes, and
relies on the steps and mechanics needed to generate them. During gameplay, three game
modes can be selected in the main menu (see Figure 1a): Tutorial, Training, and Survival.
Tutorial presents only recipes from the first level and has a fixed duration; 7raining also has
a fixed duration, but throughout this phase, a player is free to start any level and play for as
long as they want (this mode is the only one to display the top right button of Figures 1b
and 1c that returns the game to the main menu); and in Survival, the game starts from the
first level and progressively increases its level until either a maximum duration is reached
or no more pending orders can be included.

Unlike in Survival, orders in both Tutorial and Training are generated every time the player
delivers a pending order, thus maintaining a full pending orders area. Furthermore, in Sur-

1. https://www.cookservedelicious.com/yum/ (accessed 5th June 2025).
2. https://www.team17.com/games/overcooked/ (accessed Sth June 2025).
3. https://github.com/SamGomes/alien-bar (accessed 5th June 2025).
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Figure 3: Participanis playing Alfen Bar dering our pilod 1esis,

vival, an order 15 penerated every tme there are no pending orders left w deliver, keeping
player fcus and engagement (compare the gameplay screenshots of Figure 1).

Filot Tesis

We wanted to define an experimental procedure which was flexible enough to approach our
research questions while briel encugh so thal it could be casily and sysiematically deploved.
As such, before conducting our experiments, we executed a total of 9 pilot tests with playcr
dvads (m = 158} observing how players imterscted with the game and with each other (see
Figure 3). Some gameplay metrics like player scores and the difficulty of delivered orders
were collected, vet they were not used because of a less strict setting in which players could
give researchers some feedback when facing an issue, At the start of ihese tests, we provided
players with materials describing the game to inform their gameplay. The pilot tests allowed
ug Lo further perfect the game and gradually adjust our experimental process,

As a consequence, we identified and fixed several game issues that could affect our evalu-
ation. Particularly, we simplified how a plaver interacted with ingredients, processors, and
utensils { for instance. dragging instead of clicking to both grab and release an ingredient):
wie enhanced feedback animations and sounds; and. w avoid errors, we forced the game
modes to be unlocked accordi ng o their order in our experiment.

We also gradually improved the experimental process over these ests, For instance, prinied
textual descriptions of the game and its levels were replaced by a video and by graphical
representations imtegruted nto a physical divider, an element that served (o separate the
participants and, at the same time, confained instructions on how 1o build ihe recipes, The
final experimental process is described next.

Experimental Process

To address the questions of the present study, we prepared an experiment room sccording Lo
the lavoul presented in Figure 4, We will use the areas signalled in the image o illusirate our
explanations, A television to display a video explaining Afien Bar was positioned in a *pre-
game area’ (area A, and two computers with Alfew Bor installed (as well as two pens) were
positioned approximately 1 meter apart at the B.1 and B.2 areas. An observation arca was
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Figure 5: Representation of the

Figure 4: Layout of the experi- divider with Afien Bar instruc-
imienl ro. oG,

also prepared for researchers, positioned behind both participants (area C). Hidden response
sheets were added (elements labelled with [¥) o regisier pariicipants” preference estimates,
A crucial element for the exccution of our experiment was a physical divider containing the
egame elements and recipes (Figoure 5 that could be positioned in two dilferent ways (B0 or
E.2 of Figure 4. Finally, we included some candy to give 1o the participants (arca Fy. All
the materials associaled with the experiment. including the (anonymous) processed data, 1=
analysis method, and forms, are available online®,

Each experiment took around 35 minutes in total, going through four phases: Experinnent In-
frodction, Single-Plaver Tutorial, Tean Tratring, and Single-Flaver Survived ond Debrief-
ing (see Figure 6). While we measured the ability of a plaver by their final game score in the
survival phase, a plaver's subjective experience was assessed resorling 1o their responses o
questions of the Intrinsic Motivation Inventory (IMI) (Ryvan 1982; Ryan et al. 1983; Center
for Self=Determination Theory 2024 ) while remembering their experience in Teom Troining,
Even though, in total, IMI comprehends seven experience dimensions, it is possible to con-
sider a subset of these dimensions. As such, we deemed Inferest/Enjovment and Perceived
Competence 1o be the most relevant dimensions for our stedy. All the collected independ-
ent and dependent varables are listed and descnbed in Tables 1 and 2. Accounting for the
lavout presented in Figure 4, our experimental procedure is detailed below:

1 Experiment Introduction (10 mintes)

1.1 Im the “pre-game area’ (area A), the researchers introduced themselves and the
peneral procedure to participants, without going into details about the game.
The videe explaining Alien Bor was also presenied in this step, and participanis
were given the opportunity to clarify any questions they had (this took around 5
minuies ).

4, ips:Voslio2ed40 (aecessed Sih Jupe 2025),
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Table 1: Independent Variables

Variable

Description

VideoGameF amiliarity

A player’s familiarity with video games, measured through the question: ‘How often do you
play video games?’, answered either ‘I make some time in my schedule to play video games’;
‘I play video games occasionally when the opportunity presents itself’; or ‘I do not play video
games’.

GameGenreEnjoyment

A player’s enjoyment of the target game genre, measured through the question: ‘Do you enjoy
games where you create recipes on demand (such as the “Cook, Serve, Delicious!” series)?”,
answered either ‘I enjoy them and have played/watched others play them multiple times”; ‘I
played/watched others play them enough to understand I do not appreciate them’; or ‘I am not
familiar with these games and/or have no formed opinion on them’.

TutorialScore

The score obtained by a player in the Tutorial phase, automatically recorded by the game.

Focuspep

A player’s self-reported pre-game Focus, measured as ‘When given a task you prefer to...",
responded through a 9-point Likert scale, ranging from ... be left alone to focus on the task.’
to ‘...interact with the others, but also focus on the task.” (middle of the scale), finishing with
‘...interact with others disregarding the task.’.

ChallengeReyp

A player’s self-reported pre-game Challenge, measured as “When given a task you prefer that...”,
responded through a 9-point Likert scale, from °... the task provides an easy path for its com-
pletion.” to °...the task provides a difficult path for its completion.’.

GroupFocus gep

A player’s self-reported pre-game estimate of what Focus should be promoted in the group for
it to succeed (measured via the same options as F'ocus rep).

GroupChallengegep

A player’s self-reported pre-game estimate of what Challenge should be promoted in the group
for it to succeed (measured via the same options as Challenge reyp).

Focusops

A player’s focus while training, obtained via external observations made by the researchers.
Similar to some behaviour observation protocols (Smith et al. 2013), the researchers annotated
behavioural data, in this case the players’ focus, for every 2-minute periods. The considered
levels were: ‘Alone focusing on own task’ (level 1); ‘Interact with others but also focus on own
task” (level 2); or ‘Interact with others disregarding own task’ (level 3). The focus of a player
was the average of the levels of all 2-minute periods.

Challengeopps

The (observed) challenge level of a player while training, measured through the in-game col-
lection of the trained difficulty levels. Consider a set of trained levels T of size s: {T1, ..., Ts },
a set containing the duration of trained levels D: { D1, ..., D}, and the total duration ¢d.

A player’s Challengeoyps value was computed as:

s D;
T;x 4)]—1
Challengeops = M

InterpersonalCloseness

The interpersonal proximity between the participants (Gino and Galinsky 2012; Dubois et
al. 2016), as rated by a player through the question: ‘How well do you know your experiment
partner?’, answered via a 5-point Likert scale from Perfect Stranger’ to ‘Close Friend/Relative’.

Table 2: Dependent Variables

Variable

Description

Interest/Enjoyment

Experience dimension measured through the IMI questions for this component, ranked from 1
to 7.

PerceivedCompetence

Experience dimension measured through the IMI questions for this component, ranked from 1
to 7.

SurvivalScore

The final score of the survival phase, automatically recorded by the game.




Figure &: Cur experiment phases.

1.2 Each participant then sal next o the computers (areas B0 and B.2), agreed and
applied to an informed consent, and afterwards filled some demographic data
(including Videolrame Famidiority and Gameenre Enjoyment). The cur-
rent amd next steps of this phase lasted for approximately 5 minwies,

1.3 Inthe same form, participants defined their Focus g, and Challenge g, (meas-
ured as described in Table 1) and then wsed their pen o copy these responses o
u hidden preference sheet.

1.4 Then, a researcher gathered the hidden preference sheets and, without parti-
cipants" notice, switched them (it was presented as iF the switched preferences
came from a random pool ).

1.5 Ciiven the preference of the other player, each participant estimated (Frowp Fori s g,
and GiroupChollenge ge,.

2 Single-Plaver Tworial {3 minutes)

2.1 Each subject individually played the Tivorial version of the game (only recipes
of Tevel 1) for 3 minutes, using the divider in position E.1 as a reference. At this
point, the divider was set to hide the recipes of levels higher than 1.

3 Teawm Tralning (15 minetes)

30 A researcher ploced the divider in position E.2 and uncovered the recipes of
levels 2, 3, 4, and 5 1o each participant (this took a few seconds),

3.2 Afterwards, the plavers collectively studied and played the Training version for
10 minutes (at this poini, the paricipants were informed that they could freely

intersct with each other if they desired). At the same time, the two rescarchers
annotated, for each 2-minuie periods, the Focuso, of each plaver on each other
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player, and the game recorded how many times and how long each training level
was played (used to obtain Challengeops).

3.3 After training, a researcher placed the divider in position E.1, and each player in-
dividually responded to the IMI questions regarding their Interest/ Enjoyment
and PerceivedCompetence while training (taking around 5 minutes).

4 Single-Player Survival and Debriefing (7 minutes)

4.1 Inthe last phase, each participant individually played the Survival version of the
game for a maximum of 5 minutes. The SurwvivalScore achieved during this
phase was stored by the game.

4.2 By the end of the experiment, each player was debriefed and rewarded with
candy (element F) for their expended time. This took around 2 minutes.

Evaluation

The final evaluation focused on the use of Alien Bar to ascertain whether interaction prefer-
ences or other intrinsic factors can influence player ability and experience. Keeping this in
mind, subjects were recruited in pairs, through standard convenience sampling procedures
such as direct contact and through word of mouth. Most of the participants were invited
during an international event held at one of our universities, and so our sample included
subjects from 10 countries spread across Europe, America, Africa, and Asia. There were no
potential risks and no anticipated benefits to individual participants. We conducted a total
of 32 tests, comprising 64 participants. However, the participants of one test skipped an
experiment step, and so we excluded them from the statistical analysis. Thus, our final data
set comprises 31 tests with a total of 62 participants (42 males, 19 females, and 1 preferred
not to say), between 16 and 44 years old (M =25.29; SD = 6.56).

Regarding video game culture, 51.6% of our participants reported to make some time in their
schedule to play video games, 21.0% reported to play video games when the opportunity
presents itself, and 27.4% reported to not play video games. Additionally, 48.4% of our
participants reported to not be familiar or have no formed opinion about games where the
player creates recipes on demand, 40.3% reported to have played/watched others play them
enough to understand they do not appreciate them, and only 11.3% reported to enjoy them
and to have played/watch others play multiple times.

Data Transformation and Synthesis

We applied some transformations to our data in order to more easily analyse it>. Firstly, we
transformed the preference variables (related to Focus and Challenge) into three factors:
Preferenceops, Preferencerep, and GroupPre ferencepep: each with four levels rep-
resenting if the Focus and/or C'hallenge values were below or above their median values®.

5. Because the exclusion of one test was due to skipping a step instead of any incidents during the completed
steps, this initial transformation considered the data available from all tests to more accurately represent the
population groups.

6. The equal values were considered in the above/high level.
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This allowed us to build a model adjusted to our setting and that follows the quadrants of Fig-
ure 2: {Self-Facilitator; Self~-Challenger; Others-Facilitator; Others-Challenger} (normal-
ised median values: ManocusRep = 0.5, MdnGrouppocusRep = 0.5, Mdnrocusp,, = 0.4,
MdnChallengeRep = 0.625, MdnGroupC’hallengeRep = 0.625, MdnChallengeg;,S = 0453)
We also added peer preference variables, e.g., Other F'ocus gep, OtherChallengegep, and
Other Preferencepps, so that we could measure the effects of the other player’s prefer-
ence in a given player’s ability and experience. After logged and then compiled using the R
statistical software version 4.4.2 (R Core Team 2024), the data collected throughout these
experiments was analysed using the IBM SPSS Statistics software’, version 28.

The other independent variables, TutorialScore and InterpersonalCloseness, were
considered factors with two levels: {Low; High}, depending on whether the values
were below or above their median value® (median values: Mdnruioriaiscore = 5250,
MdnpierpersonalCloseness = 9)- Finally, VideoGameF amiliarity was divided depend-
ing on whether the player plays or does not play video games: {Does Not Play; Plays} and
EnjoysGameGenre was divided depending on whether the player likes, or either does not
like or has no formed opinion about the game genre: {No/No Opinion; Yes}.

After processing the data, its normality was tested resorting to the Kolmogorov-Smirnov
statistic with Lilliefors correction. Because the test revealed some non-normal data and due
to the reduced sample size when dividing the data per condition, the influence of the differ-
ent preference variables in the dependent measures: a player’s ability (SurvivalScore) and
experience (Interest/Enjoyment and PerceivedCompetence), related to RQ1, were as-
sessed by several (non-parametric) Kruskal-Wallis tests, one for each dependent measure.
Each Kruskal-Wallis test was followed by a multiple comparison of the rank means, as
presented by Maroco (Mardco 2021). The size of each Kruskal-Wallis effect was assessed
using 7%,. Following social sciences standards (Mardco 2021), an effect with: n%, < 0.05
was considered small; 0.05 < 77%[ < 0.25 was considered moderate; 0.25 < 77%1 < 0.5 was
considered large; and 7% > 0.5 was considered very large.

To verify the subjects’ estimation accuracy (RQ2), we directly compared the distributions
of the estimation and training data. To complement the analyses, we also performed several
Spearman’s rank-order correlation tests (Bhandari 2023) relating the three performance-
oriented variables: T'utorialScore, PerceivedCompetence, and SurvivalScore. Fol-
lowing general interpretations for correlations coefficients (Bhandari 2023) and consider-
ing the Spearman’s p, we assumed correlations with 0 < |p| < 0.3 to be weak (none if 0);
0.3 < |p| < 0.5 to be moderate; 0.5 < |p| < 0.7 to be strong; and 0.7 < |p| < 1 to be very
strong (perfect if 1).

Finally, as also presented by Maroco (Maroco 2021), several (non-parametric) Wilcoxon-
Mann-Whitney tests were executed to test RQ3, that is, the influence of the other variables:
VideoGameF amiliarity, GameGenreEnjoyment, and InterpersonalCloseness; in
a player’s ability and experience. The size of each Wilcoxon-Mann-Whitney effect was
assessed using Cohen’s d. Following social sciences standards (Maroco 2021), an effect
with: d < 0.2 was considered small; 0.2 < d < 0.5 was considered moderate; 0.5 < d <1

7. https://www.ibm.com/analytics/spss-statistics-software (accessed 5th June 2025).
8. Like before, the equal values were considered in the above/high level.
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was considered large; and d > 1 was considered very large.

The results of our analyses were divided into the aspects approached by our research ques-
tions. Firstly, we present the tests related to RQ1 and RQ2, that verified the influence of
interaction preferences in a player’s ability and experience. Then, we present some tests
approaching RQ3, that is, the influence of the other variables, VideoGameF amiliarity,
GameGenreEnjoyment, and InterpersonalCloseness, in the same metrics. In all the
included box plots (e.g., Figure 7), distributions noted with different letters are signific-
antly different according to the performed Kruskal-Wallis test and pairwise rank mean com-
parisons (Bonferroni-adjusted significant differences are highlighted in bold); and in the
heatmaps (e.g., Figure 9), the numbers represent the frequencies for each combination, and
darker cells contain higher frequencies. All analyses consider a significance level () of
0.05.

Effects of Interaction Preferences

Firstly, our results showed that the Interest/Enjoyment measure did not vary signific-
antly with Preferencepps (H(3) = 5.352;p = 0.148). Interest/Enjoyment also did
not vary significantly with Other Preferenceops (H(3) = 1.070;p = 0.784). Thus,
overall, enjoyment was not influenced by the way that subjects preferred to interact.

PerceivedCompetence varied significantly with Pre ferenceoys, presenting a moderate
effect (H(3) = 9.963; p = 0.019; n?, = 0.120). As indicated by the non-adjusted pairwise
rank mean comparisons and by the data distributions (see Figure 7), the Self~Facilitator val-
ues were significantly lower than the Self-Challenger ones (p = 0.022), and lower than the
Others-Facilitator ones (p = 0.039); and the Others-Challenger values were significantly
lower than the Self~-Challenger ones (p = 0.017) and lower than the Others-Facilitator
ones (p = 0.032). These results, however, have to be considered carefully as the Bonfer-
roni correction suggests that none of them reveals true significance (p,q; > 0.05). Even so.
the fact that neither the Self-Facilitator differed from the Others-Challenger (p = 0.906),
nor the Self~-Challenger differed from the Others-Facilitator (p = 0.733) suggests a con-
nection between the profiles of each of these pairs for perceived competence. Regarding
the influence of players’ partners, PerceivedCompetence did not vary significantly with
OtherPreferenceops (H(3) = 4.758; p = 0.190), suggesting that the ways of others’
interaction may not be as important as the own profile for a subject’s assessment of their
competence.

SurvivalScore varied significantly with Preferenceops, presenting a moderate effect
(H(3) = 9.522;p = 0.023;n% = 0.112). According to the non-adjusted pairwise
rank mean comparisons and as depicted by the data distributions (see Figure 8a), the Self-
Challenger values were significantly higher than the Others-Challenger (p = 0.015), the
Self-Facilitator (p = 0.016), and the Others-Facilitator (p = 0.007) ones. Even so,
these results have to be considered carefully as the Bonferroni correction suggests only
the latter difference (between Self~-Challenger and Others-Facilitator) to reveal true sig-
nificance (p = 0.007,p,q; = 0.041). The performance of the players in the survival
game also varied significantly with Other Pre ferenceops, presenting a moderate effect
(H(3) = 9.020;p = 0.029; 7%, = 0.104), see Figure 8b. The non-adjusted pairwise rank
mean comparisons present effects that go in-line with the ones discovered for self pref-
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Figure 8: Distribution of the SurvivalScore metric for each level of
Preferenceops (Figure 8a) and Other Pre ferenceops (Figure 8b).

erence: the Self~-Challenger values were significantly higher than the Others-Facilitator
(p = 0.014,pgq; > 0.05), and the Others-Challenger (p = 0.007,pgq; = 0.040) ones.
Thus, regarding SurvivalScore, the tests indicated that the Self~-Challenger players had
more positive outcomes, while also positively impacting the practical training outcomes of
their partners.

To verify the subjects’ pre-game preference estimation accuracy (RQ2), we directly com-
pared the distributions of the estimation and training data, while dividing the values of
each preference dimension into three ordinal levels: {Low; Med.; High} (see Figures 9
to 12)°. Even though most of the data clustered around the middle of the scale, which
may relate to the fallback subjects resort to when lacking task information, some interesting
trends can be perceived. Only 37.1% of the Focuspe, and 43.5% of the Challengepep
data matched Focusops and Challengepps, respectively (Figure 9 plots the data distribu-
tions); and only 41.9% of the GroupFocusg., and 38.7% of the GroupChallengepep
data matched Focusops and Challengeops, respectively (see Figure 10). Even so, higher

9. Assuming values between 0 and 1, each dataset was divided according to 3 buckets: {Low: [0,1/3[; Med.:
[1/3.2/3[; High: [2/3,1]}.
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Figure 9: Heatmaps obtained by crossing the results of Focuspps With
Focus ey (Figure 9a), and C'hallengeoys with Challengere, (Figure 9b).
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Figure 10: Heatmaps obtained by crossing the results of Focusops with
GroupFocus rep (Figure 10a), and Challengeoys with GroupChallengegep

(Figure 10b).
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Figure 11: Heatmaps obtained by crossing the results of Focuspge, with
GroupFocus rep (Figure 11a), and C'hallenge rep, with GroupChallenge rep

(Figure 11b).
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Figure 12: Heatmaps obtained by crossing the results of OtherFocuspgep
with GroupFocusge, (Figure 12a), and OtherChallengegr., with
GroupChallengere, (Figure 12b).

data match rates were verified between GroupF ocus gep and either Focus ey (64.5%) or
Other Focuspep (66.1%); and between GroupChallenger., and either Challenge g,
(51.6%) or OtherChallengegep (59.7%). Indeed, in such cases, the values tended to pro-
portionally approximate (see Figures 11 and 12). This reveals that subjects may have estim-
ated the group preferences while considering their own and their peer’s preferences, but at
the same time, these estimations were not accurate indicators of training behaviour, which
in turn suggests an effect of the task itself.

Aligned with the aforementioned results, we verified no significant effects of
Preferencere, in: Interest/Enjoyment (H(3) = 0.708;p = 0.871),
PerceivedCompetence (H(3) = 4.411;p = 0.220), or SurvivalScore
(H(3) = 4.264;p = 0.234). Besides, a lack of significant effects was also verified
for GroupPreferencerey: Interest/Enjoyment (H(3) = 0.657;p = 0.883),
PerceivedCompetence (H(3) = 6.415;p = 0.093), and SurvivalScore
(H(3) = 5.548;p = 0.136). This indicates that experience and performance did
not vary with the initial estimation that players made of their ways of interacting, relating
instead to their behaviour while training.

Finally, even though the players’ preference estimations were not relevant to predict
ability, Spearman’s Rank-Order Correlation tests indicated moderate significant correla-
tions of PerceivedCompetence with T'utorialScore (p(60) = 0.328,p = 0.009) and
SurvivalScore (p(60) = 0.434,p < 0.001), as well as a strong correlation between
TutorialScore and SurvivalScore (p(60) = 0.657,p < 0.001), indicating that sub-
jects’ initial skill and their perception of competence during training are both good outcome
estimators.

Testing Combinations of Focus and Challenge

To further test the influence of players’ preferences, we measured the effects of different
combinations of Focusops (in Self: S or Others: O) and Challengeops (Facilitate: F or
Complicate: C) in a player’s ability and experience. For instance, we represented the data
of a self-oriented player playing with an others-oriented one from the perspective of the
self-oriented player as S w/ O and from the perspective of the others-oriented player as O
w/ S. We derived the factors: FocusCombination, endowed with four levels: {S w/ S;
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Figure 13: Distribution of the SurvivalScore of a player divided by the com-
bination of Focusops present in the player’s group.

Sw/ O; Ow/S; Ow/O}; and ChallengeCombination, also endowed with four levels:
{Fw/F,Fw/C,Cw/F; Cw/C}"° From all the results, we only verified a significant
(moderate) effect of FocusCombination (H(3) = 8.592;p = 0.035;n% = 0.096) in the
SurvivalScore acquired by a given player. The pairwise rank mean comparisons and the
data distribution (see Figure 13) suggest that the ability values when the two players were
others-oriented (O w/ O) was significantly lower than when they both were self-oriented (S
w/ S) (p = 0.010), and when the own player was others-oriented and the other was self-
oriented (Ow/ S) (p = 0.038). Even though these significance values have to be considered
carefully as their adjusted values are non-significant according to the Bonferroni correction
for the four groups, by observing the data distributions, it is clear to verify that O w/ O
achieved the lowest score median and contrasted with the concentration of higher values in
Sw/S and O w/ S.

Impact of Video Game Familiarity, Game Genre Enjoyment, and Interper-
sonal Closeness

Regarding the metrics VideoGameFamiliarity, GameGenreEnjoyment, and
InterpersonalCloseness, we also found multiple effects relating to teamwork quality.
Given that we predicted the data distributions to shift to one of the sides, we considered
one-tailed significance levels in our Wilcoxon-Mann-Whitney tests!!.

As expected, we verified a positive significant effect of VideoGameFamiliarity in all the
dependent variables (see Figure 14), notably a moderate effect with Interest/Enjoyment
(U = 203.0;p = 0.002;d = 0.469), a large effect with PerceivedCompetence (U =
173.5; p < 0.001;d = 0.546), and a moderate effect with SurvivalScore (U = 241.0;p =
0.012;d = 0.370), meaning that subjects who reported playing video games were more
likely to achieve better results and to have a better experience while playing our game.
Another expected result was the large significant effect of GameGenreEnjoyment in
Interest/Enjoyment (U = 93.5;p = 0.012;d = 0.514), indicating that subjects en-
joyed the game more when they reported to like its genre (see Figure 15).

10. Other tests were conducted by dividing these factors into two levels: {Similar; Different}, depending on
whether the players presented similar (S w/ S, O w/ O) or distinct (S w/ O, O w/S) Focusops or Challengeops

levels. Even so, these tests are omitted due to their lack of significant results.
11. Nonetheless, as can be perceived, the two-tailed significance levels allow the same interpretations.

—17—



=17 =41 =11 n=o{3

o Pd1-aT MEn - 3356 % Hrn-i 7 dr - A0
= E
L ' B
E° . 2
= I
oy . 1 3
i i
5 ;
= 4
=1 x .
wesHgkH oas Flayx Iier ke 2l Fawr
YldeoGameFamillaricy Wd-aSamcFamilladey
(a) (b)
r=1T (L L}
Tk Prdn = a5k MEn - 054
z —_
F:
hEN
[
E
b e Paer
WdoxsameFamillariy

(©)
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Interestingly, the only significant InterpersonalCloseness effect that we found was a
moderate effect of the metric with PerceivedCompetence (U = 243.0;p = 0.005;d =
0.405), see Figure 16, meaning that the subjects’ perception of their competence was the
only factor affected by how well the subjects rated they knew each other. Curiously, enjoy-
ment or demonstrated ability were not significantly affected by this factor, suggesting that
players’ interpersonal proximity perception did not influence their enjoyment or outcomes.

Discussion

In this study, we aimed to test how subjects with different interaction preferences fare when
performing a task together. Thus, we deployed the puzzle game Alien Bar and used it as
a training task to assess how acquired ability and experience varied when joining different
profiles of players. Ability was measured resorting to the score obtained in a survival version
of the game played at the end of the experiment, and a player’s experience while training
the game with a peer was measured via a questionnaire approaching two IMI dimensions:
Interest/Enjoyment and PerceivedCompetence. The most relevant results extracted
from these tests are summarised in Figure 17.

Firstly, we concluded that enjoyment was not significantly influenced by the way that sub-
jects interacted in our training setting. Even so, subjects’ perception of competence and
demonstrated ability were affected by their interaction preferences. We verified that, for
PerceivedCompetence, Self-Challenger did not differ from Others-Facilitator subjects,
and Self-Facilitator did not differ from Others-Challenger subjects, and that these two pro-
file pairs diverged from each other, notably that the former pair achieved higher values on
this metric (RQ1). Although these differences did not sustain after a Bonferroni correction,
we still believe they reveal interesting tendencies. Particularly, we believe we can apply
these findings by grouping work colleagues endowed with the profiles of the former pair.
Said is reasonable in a similar (Insko et al. 1973) or complementary (Dryer and Horow-
itz 1997) fashion. On the one hand, while Self~-Challenger subjects may feel competent
when training together because of their non-disruptive nature towards others, or Others-
Facilitator may feel competent when guiding each other; a Self~-Challenger may also feel
especially competent when provided the support of an Others-Facilitator, and vice-versa, an
Others-Facilitator may feel especially competent when guiding a self-challenging subject.
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Figure 17: Scheme depicting our most important resulls. The labels next to the
avatars represent subjects” preferences as scquired from the training phase (not
their pre-game estimates). The two avatars posiioned closer signify higher
interpersonal closeness. The green ‘check” signs were added 1o the profile
pairings or subjects that were deemed to develop the respective metric; and the
orange “waming” signs were included for the ones that were deemed unable 1o
develop the respective metric.

Om the other hand, care should be taken when incorporating Self=Facilitaror and (vhers-
Challenger subjects in teams because of their tendency towards lower perceived compet-
ence: whenever possible, it may be preferable to distribute subjects with these profiles into
different groups.

Besides the preference measures, fnterperaonalCloseness also had a singular effect. a
positive one, on subjects” perception of their competence (RO3), This is a particularly in-
teresting result given that enjoyment may, at a first glance, be deemed to associate to inter-
personal relations as well. Nonetheless, Interest / Enjoygment was positively inflluenced
by VideoGiome Faomiliary and GameGenre Enjoyment. It may be that, while complet-
ing o gaming. raining, or working task, interpersonal closeness comes into play in the fomm
of making oneself or others feel fulfilled and competent, and that the enjovment of indi-
viduals while performing a certain task 15 more predominantly associated with the pleyers”
affimity with the task and not as connecied (o how close peers feel 1o each other, In fact,
aligned with related research { Rodriguez Montequin et al. 2013), we did not observe an
effect of TnderpersonadCloserness inothe survival game scores,

Regarding survival game performance, the results suggested that Sedf~Challenger players
achieved higher Swrvival Seore while also contnbuting (o their peers” Survivel Seore
success (RO). This may happen hecavse their disposition for a faster, less progressive,
learning behaviour may have an implicit leading and responsible connofation that modiv-
ates other plavers to succeed im a time-limited and individuallyv-execuied training task like
in Afien Bar, Interestingly, these conclusions align with the remark that students who per-
formed best were deemed more suited 1o selitary emplovment {Ahmed et al, 20007,

Further testing for effects between combinations of players™ preferred focus and challenge
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levels in SurvivalScore showed that a team joining others-oriented players developed
lower ability than in all other pairing conditions (RQ1). This suggests that care should
be taken when grouping others-oriented individuals because the groups may lack the ap-
plication of actions and strategies of self-improvement, notably in a time-limited and in-
dividually executed training task such as ours. The results also informed that the particu-
lar case of having an others-oriented subject joined with a self-oriented partner benefited
the others-oriented player more than the self-oriented one. Coupled with the revealed
PerceivedCompetence benefits for Self~-Challenger and Others-Facilitator elements, such
a particular case may signify that, after perceiving higher competence, there is an emergence
of the protégé effect: learning by guiding a peer (Chase et al. 2009), and that this effect can
overlap the insight coming from the others-oriented towards the self-oriented player. Non-
etheless, further tests with a higher sample size may help better determine this aspect.

By directly comparing the pre-game player estimations with training data, we also posited
that subjects may have estimated the group preferences while considering both their own and
their peer’s preferences, but at the same time, we also deemed that these estimations were
not accurate indicators of training behaviour (RQ2). Additional tests identified no effects of
the subjects’ own preference estimations in their ability and experience, further corroborat-
ing the idea that the subjects’ pre-task judgments of how they interact and how their group
should successfully interact are shallow indicators of the potential of the group. This intu-
itively makes sense because the task and its surrounding environment may help shape the
interaction and subjects cannot account for that beforehand. Nevertheless, tests correlating
the three performance-oriented measures: T'utorialScore, PerceivedCompetence, and
SurvivalScore, demonstrated that initial skill and perceived competence were good indic-
ators of self-ability potential, further aligning with our previous claims. Other tests also
revealed that participants who reported playing video games were more likely to achieve
better results and experience, and that participants who reported liking the game genre, en-
joyed it more (RQ3). Thus, subjects may be able to estimate own task success based on
the frequency and liking in doing similar tasks, their initial skill, or perception of compet-
ence during training, but although interaction preferences impact success, subjects may not
accurately predict how such happens beforehand. We believe that this aspect connects to
the drawbacks of self-picked teams (Rutherfoord 2001) as their elaboration usually does not
take into account more intrinsic traits (personality diversity being identified by the reviewed
research) and instead relies on more objective and easily comparable dimensions.

We believe that the presented findings can be considered by instructors as well as game de-
signers, to help develop or tune automatic systems for group management and game match-
making. The latter challenges usual game matchmaking approaches which tend to focus
heavily on demonstrated player skill and not as much on how to proportionate a fulfilling
experience using players’ intrinsic preferences. For instance, an automated system may con-
sider grouping subjects deemed as Self-Challenger and Others-Facilitator and avoid joining
subjects deemed as Self~-Facilitator and Others-Challenger to help create a more fulfilling
environment that foments perceived competence. Additionally, joining subjects deemed as
socially close, e.g., identified as friends, should also promote perceived competence. Even
so, the previous aspects do not directly address actual team performance. To promptly fo-
ment positive outcomes, an automated system may propose groups that include self-directed
subjects who prefer challenge, and avoid grouping too many others-oriented subjects be-
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cause the group may lack the application of actions and strategies for self-improvement.
Still, the system may acknowledge that the inclusion of an others-oriented subject next to a
self-oriented one proved beneficial for the others-oriented subject.

Limitations

While we extracted multiple interesting results from our tests, we also recognise some lim-
itations of the present work. Firstly, although our full sample size meets the usual require-
ments of social sciences, we acknowledge that dividing our sample according to the needed
conditions inevitably decreased the power of our statistics. We also acknowledge that other
data analysis criteria can affect the magnitude of some relations. Thus, future work may
test if the same relations can be verified in other settings, namely while considering a lar-
ger sample. Another sample-related issue is the fact that, due to practicality, we neither
controlled for nor enforced any kind of balance between pairs regarding their members’
demographics or video game familiarity, skill, and liking. Also due to practicality, we did
not control for the social relations between the members of each pair beforehand.

Another relevant limitation is the fact that, even though we tried our experimental setup to
be as interaction-neutral as possible, i.e., not biasing players to perceive a certain training
interaction style, the observed effects may still have been influenced by some characterist-
ics of our training task. For instance, the fact that the game was played individually may
have conditioned the perception of competence and performance by players oriented to-
wards others. Also, the fact that training had a 10-minute time limit may have favoured
more challenging profiles that selected higher difficulty levels from the start, although we
believe that such a duration was enough for players to acquire all the required knowledge,
even for those who were more reluctant to increase challenge. Furthermore, although ob-
servation was considered necessary and area C of Figure 4 was deemed distant enough to
avoid obtrusion, observation may still have had some influence on how players’ behaved,
as a form of the Hawthorne effect (McCambridge et al. 2014).

Accounting for the aforementioned aspects, further testing with a larger and more controlled
sample, with a refined experimental procedure, using other styles of task, or with less time-
restricted training, may be conducted to corroborate, refute, or complement our findings.

Conclusions

Given our time-expensive work lives, it is crucial to understand different factors that help
foment work success and a fulfilling experience. The present work embraces this premise by
studying how the pairing of people endowed with distinct interaction preferences influences
the level of their acquired ability as well as their overall experience. Inspired by how several
psychological models were used to profile teams and study their effectiveness, a model for
characterising a subject’s interaction preference was derived to suit the needs of the present
study. Then, the ability and experience acquired by different pairs of subjects were recorded
while they played the puzzle game Alien Bar, where a player combines fictitious ingredients
to form recipes.

Using this setting, we managed to extract several results related to the perception and dis-
play of competence and that may be considered by instructors, automatic group management
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processes, and game matchmaking. Our results revealed team outcome benefits when in-
cluding self-oriented challenger subjects alongside other profiles, and guided us to raise
care when joining others-oriented members. Even so, these results may be, to some extent,
connected to our setting, considering that our evaluation used an individually-executed and
time-limited game task as a basis for team training. An additional finding was that inter-
personal closeness can have an impact on the perceived competence of subjects, but not in
their demonstrated ability or enjoyment, as the latter two aspects may be more predomin-
antly influenced by subjects’ affinity with the task.

In the future, the knowledge acquired here may be applied in an automatic process to join
players or work colleagues based on their preferences. Several studies can also be con-
ducted with other games or applications, or even considering the use of a similar protocol
for tasks that better approximate a work setting, in which individuals can use their previous
knowledge more thoroughly. Along the way, the applied interaction model can be refined to
better suit new deployments. Overall, we believe that the findings we provided can contrib-
ute to the improvement of teamwork methodologies, leveraging the proliferation of success
and well-being in working or training environments.
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