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Abstract

Minigames and writing have been shown to hold potential for personality assessment. Currently, personality is primarily assessed through
questionnaires, but these assessments have limitations, such as participant fatigue and self-reporting bias. Therefore, this research explored
an alternative assessment approach that utilised writing and minigames. Focusing on the trait conscientiousness (from the Big Five
personality model), open-ended questions and minigames were formulated and later analysed for participant behaviour. The collected data
showed correlations between personality characteristics, such as the way an individual sorts books can predict how disciplined they are.
The research suggests that, although the tool developed in this study is too rudimentary to be reliably used, there is significant potential in
utilising LLM-analysed writing and minigames for personality assessment.
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1. Introduction

Personality refers to the patterns of thought, feelings, and be-
haviour an individual exhibits. Modern research shows that
the Big Five model of personality is the most widely and up-to-
date model that identifies an individual’s personality (Roberts
et al. 2014). The Big Five model explains that personality
comprises five traits that work independently of each other
(DeYoung, Quilty, and Peterson 2007), although there are
overlaps, and they do influence each other at times. Later,
a hierarchical model of the Big Five was further researched
such that each trait encompassed several facets, and each facet
has nuances and specific items. Modern and recent research
continues to validate these split and specified facets (Soto and
John 2017). For example, the trait ‘conscientiousness’ has ‘or-
derliness’ as a facet, which includes ‘likes to tidy up’ as a nuance
and item. Specifying and identifying these facets, nuances,
and items helps make personality definitions less vague and
more accurate for testing and identification.

The most well-known and extensively researched assess-
ment of an individual’s personality is a 5-point Likert question-
naire called the NEO-PI-R (NEO Personality Inventory Re-
vised) (McCrae, Costa, and Martin 2005), also considered the
’gold standard’ for personality assessments (Kabigting 2021).
It identifies individuals’ personalities according to the Big Five
model. There are now multiple revised versions of this inven-
tory.

Many methodologies have been created for research. How-
ever, questionnaires have stayed as the principal methodology
for personality assessment. This is for a good reason, as ques-
tionnaires have the ability to be easily be handed out and
assessed on the spot (Frew, Whynes, and Wolstenholme 2003).
Furthermore, questionnaires are also standardised, reliable and
validated across many applications.

However, questionnaires have limitations. In terms of per-
sonality, questionnaires focus only on the conscious thoughts
and feelings of the participants themselves. This means that
the unconscious section of personality, such as behaviour, is

omitted. Behaviour traits and specific experiments have been
tested to see if they relate to personality. For example, spe-
cific experiments have shown correlations between personal-
ity (specifically the Big Five traits) and recorded behaviour
through reaction times in an online video game (Tekofsky
et al. 2013).

Questionnaires are specifically methodologically limited
as participants are restricted to the point scale and, therefore,
cannot give answers outside of that. They are limited to what
the researcher predicts or assumes about an item of personal-
ity (Mttus, Kandler, and Bleidorn 2017). They also rely on
self-reports, which are less reliable in personality assessments
because participants can only answer what they believe is true,
rather than who they explicitly are* (Kim, Di Domenico, and
Connelly 2019). Other limitations include how participants
interpret the Likert scaleb (Ogden and Lo 2012) and how
the questionnaire may often not be taken seriously. This is
sometimes attributed to questionnaire fatigue (Welz and Alfons
2025) (Kim, Di Domenico, and Connelly 2019).

This research aims to fill the existing research gap in assess-
ing personality through individuals’ behaviour using methods
not typically employed, namely gamified tools such as utilising
minigames and open-ended questions

The trait ‘conscientiousness’ was explicitly chosen so that
the research can be applied more rigorously in a specific do-
main, and a more definitive answer can be concluded. It is
hypothesised that if there are conclusive results about consci-
entiousness, this research can be replicated for the other four
personality traits, as each trait can be measured and researched
independently.

This research presents a novel approach to measuring con-

a. Such as people appearing more extroverted and agreeable in job applica-
tion and dating applications (Rau, Schémann, and Grosz 2025)

b. For example, agreeing strongly to "I am someone who can be somewhat
careless at times" is ambiguous to: (1) very careless at time or (2) somewhat
careless many times or (3) certain they are careless at times (Zhang, Wing-Yee
Tse, and Savalei 2019)



scientiousness, thereby opening the door for future research on
this type of measurement. Furthermore, due to this research’s
exploratory nature, more insights can be found about person-
ality, specifically the trait of conscientiousness. Namely, this
research examines how conscientious behaviour contributes
to personality and looks into assessing said behaviour and its
characteristics.
The contribution of this study includes the following:

Developing a gamified assessment for personality and specif-
ically conscientiousness.

Evaluating the validity of minigames for assessing consci-
entiousness.

Evaluating the validity of open-ended questions for assess-
ing conscientiousness.

Evaluating the validity of LLMs for assessing conscientious-
ness.

* Developing a more fun and attractive assessment such that

participation motivation and attention improves.

Finding behavioural data otherwise remained unknown if
tested only through questionnaires.

2. Related Work
2.1 Personality

Personality is a set of characteristics that an individual possesses,
determining how they behave, think, and feel (Roberts et
al. 2014). Much research has been conducted in order to define
personality, such as where it originates and how to categorise
it.

With the continued research on personality, Gordon William

Allport brought up the trait theory. The trait theory is the
approach in which an individual’s personality is able to be
categorised and measured by multiple classifications or ’traits’.
Allport and his partner, Odbert, listed 1800 adjectives in the
English language to describe someone (Nicholson 1998), or
notably their personality. However, 1800 adjectives were too
many to measure, which is why this list was later reduced to
16 adjectives by Raymond Catell (1947). This was still criti-
cised because these adjectives were unsuitable, as they were too
statistically intercorrelated, partly due to their number. There-
fore, it was later further reduced to five adjectives, in which
the five traits were statistically distinct enough, as determined
by Principal Component Analysis. These five adjectives were
officially titled the "Big Five", which is now the most widely
employed and reliable personality model.

In the Big Five model, and subsequent models, each trait
is measured on a scale of 0% to 100%. This is often misun-
derstood, as many believe a trait to be completely categorial
(therefore, you are only one trait or another) rather than on a
spectrum.

While the Big Five came to be in the 1950s, HEXACO
emerged in the 2000s (Hassan et al. 2023), which adds the
Honesty/Humility trait on top of the Big Five traits. Much
research points to this six-trait model being more thorough
than the Big Five, as it removes intercorrelations between the
traits and defines each trait more thoroughly. Nevertheless,
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the Big Five model is used in this study due to its extensive
research.

2.1.1 BigFive
The Five Factor Model of Personality (FFM) was the next
biggest milestone in personality trait theory (McCrae, Costa,
and Martin 2005), relating directly to the Big Five. The FFM
is considered the more reliable model of personality, and while
it has limitations, it has been deemed stable, predictive, and
cross-culturally valid (Johnson 2014). It has been developed in
a way that proves that while each trait shows intercorrelation,
they work independently from each other (DeYoung, Quilty,
and Peterson 2007).

The Five-Factor Model of Personality Theory (FEM) from
(Kabigting 2021) is demonstrated in Figure 1.
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Figure 1. Five-Factor Model of Personality Theory (FFM) (Kabigting 2021)

The five traits of the Big Five are as follows, as explained
in (Kabigting 2021)’s review:

* Openness to Experience: the tolerance and appreciation of
new ideas and experiences.

* Conscientiousness: the impulse of control, discipline, per-
sistence and the natural inclination to organisation.

* Extraversion: the preferred personal interactions and in-
volvement with others, and mood states in which a person
is when they are with others.

* Agreeableness: the interpersonal orientation of trust and
modesty.

* Neuroticism: the level of personal adjustment emotional
instability, and hostility.

As mentioned earlier, each of these traits is measured on
a scale of 0% to 100%, thereby signifying a movement from
having a lack of a trait to having it altogether. For example,
many believe that concerning extraversion, a person is either
an extrovert or an introvert. However, according to the FFM,
the definition of an introvert is a person who lacks the traits of
an extroverted person.

2.1.2 Hierarchy

The Big Five model came through the effort of much personal-
ity research. Hundreds of words used to define and characterise
personality were reduced to five, which had been statistically
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tested to be valid. There was less emphasis on deeply searching
the different traits in past research, and instead, further empha-
sis on finding traits that worked best as personality. Therefore,
the challenge now shifted to understanding more in depth
these traits, which is why the five traits now require more
precise definitions and sub-level terms, hence getting deeper
in the hierarchical model.

Nowadays, researchers use a more hierarchical framework
to define each trait more systematically, such as to find its
correlations to disorders (KA et al. 2021). Soto (Soto and John
2017) revised McCrae’s work on the Big Five personality traits
model in his terms, which is the model used for this research.

Research has shown that there is a 25% increase in the pre-
dictive value of an individual’s personality (Stewart et al. 2022)
when evaluating from a facet-trait perspective (or, more ef-
fectively, a nuanced perspective). Hence, for a more precise
representation of an individual’s personality, it is essential to
examine their traits (e.g., Conscientiousness), then delve into
the respective facets (e.g., Orderliness), and further explore
unique nuances (e.g., "Does not leave a mess behind") (Nielsen
and Kajonius 2024). In addition, it is advisable to avoid domain-
level (trait-level) questions when assessing, as they bring forth
uncertainty and may often be interpreted differently by each
individual (Kim, Di Domenico, and Connelly 2019). This
hierarchical approach is more specific and, therefore, more
accurate, enabling participants to relate to and respond to ques-
tions more effectively.
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Figure 2. Personality hierarchy

Figure 2 shows the hierarchical approach that shows a
detailed assessment of individual personality traits. It shows
how personality is composed of five traits, one of which is
conscientiousness. Each trait is divided into six facets. In the

case of conscientiousness, one of the facets is orderliness. To go
further, assessment methods differ in how they represent each
facet of time items/nuances. In the case of the IPIP-NEO-120,
each facet has four nuances/items. In the case of orderliness,
the nuance/item "I like to tidy up" is one of them.

2.1.3 Conscientiousness

To narrow the scope of this research and enhance focus, the
trait of "conscientiousness" was examined. It was assumed that
using the conscientiousness trait would minimise participation
bias during the experiment. When it came time to recruit
participants through the researcher’s socials, it was believed
that individuals who tend to be more extroverted or agreeable
(traits within personality) are more likely to agree to partici-
pate, hence the reason of avoiding those traits. Secondly, there
is extensive literature on conscientiousness as a trait and its
possible characteristics, making the study more thorough due
to the availability of literature. Thirdly, conscientiousness as a
trait is able to be explicitly gamified through various experi-
mental designs, making it a suitable facet to measure through
gamification.

The IPIP-NEO-120, the personality inventory from Soto
(Soto and John 2017), is structured into six facets. Bach facet has
four items, each providing nuance and further understanding
of the personality traits. Below is an explanation of each facet
with its accompanying items (Johnson 2014).

* Self-efficacy: This facet examines an individual’s confi-
dence and belief in their ability to accomplish specific tasks
and goals. It includes items such as completing tasks success-
fully and smoothly, excelling in their work, and knowing
how to perform tasks.

¢ Orderliness: This facet examines an individual’s tidiness
and how organised they are, which also includes having
habits of keeping a clean environment. It contains items
such as enjoying tidying up, remembering to put things
back into their proper place, and not leaving belongings
or messes behind.

* Dutifulness: This facet examines an individual’s sense of
responsibility and obligation to tasks and commitments. It
is also correlated to their morals and ethics. It includes items
such as keeping promises, telling the truth, and obeying
rules.

* Achievement Striving: This facet examines an individual’s
drive for success and work ethic. However, this does not
have to be specifically related to jobs, such as setting high
expectations for themselves. It includes items such as ex-
ceeding expectations, dedicating time and effort to work,
and working diligently.

* Self-Discipline: This facet examines the individual’s abil-
ity to control impulses, maintain focus, and persevere. It
includes items such as being prepared, carrying out plans,
being time-efhicient, and having ease with starting tasks.

* Cautiousness: This facet looks at whether an individual
thinks carefully through decisions, as well as having strate-
gies for problem-solving and assessing risk. It includes



items such as not making rash decisions and not jumping
to conclusions.

However, there are additional characteristics recognised
in the literature concerning conscientiousness, namely self-
control, perfectionism, tidiness, the ability to refrain from pro-
crastination, task planning, and perseverance. Furthermore,
related dimensions include delay of gratification, ego control,
effortful control, impulsivity, constraint, and grit (Roberts et
al. 2014), as well as risk-taking behaviour (Joseph and Zhang
2021). Grit and conscientiousness are notably interconnected,
with grit associated with proactive conscientiousness and per-
severance, akin to self-discipline (Schmidt et al. 2018). This
relationship indicates that individuals higher in grit are more
likely to persist on a task, especially when a reward is perceived
as attainable (Dale et al. 2018).

Understanding these characteristics is especially important
because they point to behaviours and patterns that individuals
exhibit in direct correlation to conscientiousness. They allow
us to understand the effects of conscientiousness better (as well
as the other personality traits).

2.2 Questionnaires

There are multiple ways of measuring personality. The most
common methods are through questionnaires, though there
are different measurement types too.

Questionnaires, especially with the five-point Likert scale,
are the most often used assessment tools to assess personality.
Questionnaires and personality inventories like the NEO-PI-
R and the IPIP-NEO-120 are well-adjusted and conform to
the theory of personality (Big Five) very well. This is because
it is structured in such a manner that participants go through
every single item within a facet of a trait, which is precisely
how the hierarchical personality model is based. Secondly,
it is very easy to hand out this type of tool to participants
(especially through online means nowadays), as it is structured,
and determining your personality type is simply a matter of
adding specific numbers together.

The NEO-PI-R (and its later version counterparts such as
the NEO-PI-3) is the most current and widely used method for
assessing an individual’s personality based on FFM. It is known
as the ’golden standard’ (Kabigting 2021) of personality tests.
It is a 5-point Likert scale questionnaire with approximately
300 questions.

IPIP-NEO-120  Most of the questions of the NEO-PI-R ques-
tionnaire are domain-level rather than facet-specific, making
them vague and relatively weak, often lacking specificity (See-
both and Mattus 2018), though later revisions implemented
these improvements. The IPIP-NEO-120 is an improved and
publicly available instrument version of the NEO-PI-R (John-
son 2014). The IPIP-NEO-120 adopts the Big Five frame-
work, where each trait comprises six facets, and each facet is
represented by five items that capture nuances.

This research uses the model that the questionnaire IPIP-
NEO-120 is based on, in which the facets and nuances were
detailed earlier in the "Conscientiousness" subsection.
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2.2.1 Critiques on questionnaires

Loss of nuance There are limitations to questionnaire-type
assessment tools, despite this format being most widely used.
For example, many psychological constructs cannot be mea-
sured directly in these linear ways because they tend to be
more complex and nuanced. Furthermore, in psychology, it
is often best to use indirect measurements to gain a broader
perspective (Wagner et al., n.d.). Nevertheless, it is possible
to capture the bigger picture by assessing more specific items,
just as is done with the IPIP-NEO-120.

Furthermore, the use of closed-ended questions and Likert
scales may oversimplify concepts and fail to capture specific
nuances, as participants are limited to selecting preset options.
Due to these presets, responses may unintentionally lead indi-
viduals to conform to specific norms, whereas they may have
thought of something entirely differently otherwise (Hansen
and Swiderska 2024).

Quizfatigue Inlengthy questionnaires, participants often lose
interest and become careless in their responses (Welz and Alfons
2025). Their carelessness translates to sloppiness in how they
answer, resulting in datasets that create unclear conclusions
and overall less reliable conclusions.

Differences in context & interpretation  Other limitations in-
clude how different participants interpret statements differently
in Likert scale questionnaires. Therefore, how a participant
interprets a question may be different from how another par-
ticipant interprets it. This brings forth uncertainty in answers,
and analysing results becomes more vague too.

Furthermore, people are susceptible to self-reporting, which
includes an attempt to interpret themself. For example, if a
participant is tasked to rank themselves on how ’careless’ they
are, this could be interpreted in different manners, such as:
they are ’very careless sometimes’ or somewhat careless all
the time’ (Zhang, Wing-Yee Tse, and Savalei 2019). These
differences in interpretation cloud the data.

This is further highlighted in the contradictions partic-
ipants unknowingly adhere to. For example, in a separate
study, there was an experiment where homeless individuals
rated their level of tiredness on the Likert scales compared to
their qualitative responses. It showed that the Likert scale and
qualitative response were disproportionate. This can be at-
tributed to their interpretations of the scale in the Likert scales,
as they can be misleading, and context is often lost in Likert
scales. Additionally, habits normalise situations, which in turn
alter how specific individuals perceive situations compared to
others (Ogden and Lo 2012).

2.2.2 Self-reporting

It is also important to note that all of these inventory items
reflect how participants view themselves (Soto and John 2017).
Self-reporting examines how individuals view themselves rather
than how they perform in activities. It is observed that self-
assessments correlate weakly with actual performances (also
personality behaviours) across various domains and that many
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individuals overestimate their abilities. Oftentimes, these bi-
ases are unconscious mechanisms, and having perfect self-
knowledge is not achievable (Karpen, n.d.).

There is little difference between self-report and stranger
analysis (where an external observer assesses an individual’s
personality), except for a slight difference in openness and
intellect (Kim, Di Domenico, and Connelly 2019). In (Kre-
itchmann et al. 2019), they tested social desirability response
(where a participant answers in a socially acceptable manner,
despite what they genuinely think) and acquiescence (where
they agree with statements regardless of the contents). They
observe a high correlation between the social desirability bias
and its limited predictive value for real-world outcomes, par-
ticularly with Likert-scale questionnaires. However, despite
this, self-reports and stranger-based reports do not show much
difference, as also mentioned by Kim (Kim, Di Domenico, and
Connelly 2019). Nevertheless, Likert questionnaires are still
not the perfect control method to eliminate self-reporting.

Furthermore, emotional states alter how participants rank
on the IPTP-NEO-120, with notable changes occurring when
a participant is induced to feel sad. In such cases, neuroticism
increases, while extroversion and agreeableness decrease mod-
erately (Querengisser and Schindler 2014). That is to say, a
participant’s self-assessment is not always be as accurate as it
could be.

One of the primary limitations of questionnaires that this
research focuses on is the participant’s self-reflection. Partici-
pants’ self-interpretation is not accurate as to who they truly
are. They answer what they believe themselves to be, while in
actuality, that might not be accurate to what they are.

2.3 Alternative measurements

2.3.1 Open-ended questions

Open-ended questions are well-suited for spontaneous rea-
soning and yield rich and nuanced responses when there are
numerous answers (Connor Desai and Reimers 2019). They
prove to be beneficial in allowing participants to express and
write their opinions freely (Baburajan, Abreu e Silva, and
Pereira 2022) (Hansen and Swiderska 2024). In contrast, with
questionnaires or Likert scale assessments, the participant is
already confined to the examiner’s pre-set answers and is there-
fore limited to expressing themselves through simple means.
With open-ended answers, participants are allowed to share
their reasoning behind their statements.

2.3.2 LLMs to assess personality through text

Multiple research studies have shown that LLMs accurately
estimate personality traits based on written texts (Bubas, n.d.),
despite their confidence not being high (Piastra and Catellani
2025). When Al-generated analysis was compared to experts’
analysis, a high correlation was found between them, pointing
out how Al-generated analysis is capable of replacing experts’
analysis(Oeljeklaus, Hoft, and Danner 2025). Furthermore,
it is observed that ChatGPT’s performance is similar to that
of humans’, although with typically more positivity biases
and greater sensitivity to the actual prompts given (Derner

etal. 2024). While LLMs help assess personality, it is noted that
using personas, providing better prompts, and correctly classi-
fying questions result in a more accurate analysis of personality
traits (Olea et al., n.d.).

Quiz fatigue While quiz fatigue appears during question-
naires, it appears more extensively in open-ended question-
naires. Participants become more tired when answering open-
ended questions, as they are more time-consuming and require
more thought (Baburajan, Abreu e Silva, and Pereira 2022).
This is also seen with a higher amount of drop-outs in open-
ended question sections rather than in close-ended sections
(Connor Desai and Reimers 2019). Furthermore, open-ended
questions are more challenging for the examiner to analyse.
With both the time for the participants to answer and for the
examiner to analyse, open-ended questions take much longer
compared to closed-ended questions.

2.3.3 Game-Based Assessment

There has been extensive research on serious games and their
positive effects. Serious gaming refers to games not intended
for entertainment purposes, and are therefore used as educa-
tional tools or research aids. Their positive impact includes
enhancing specific learning outcomes and allowing certain
topics to be learned more easily (Facchino et al. 2025). They
also demonstrate greater immersion in understanding partic-
ular issues, which makes learning a less mentally demanding
task (Westera, n.d.).

A part of serious games includes Game-Based Assessments
(GBA), which examines the research-oriented aspect of serious
games. These types of assessment tools examine how individu-
als react within the actual serious games, as well as the scores
they achieve in these games that specifically relate to their
research topic. It has been observed that game assessments are
efficient in engaging participants, reducing specific anxieties,
and providing more authentic assessments, as they tend to be
more immersed in this type of assessment (Su and Zou 2024)
(Noroozi, Dehghanzadeh, and Talaee 2020). This also no-
tably reduces self-reporting bias, as participants link GBA less
to actual assessments and more to a fun experience, allowing
their authentic behaviour to shine through with further ease
(Santos et al., n.d.). Some researchers say that GBA has the po-
tential to become an alternative to personality questionnaires
(Ramos-Villagrasa et al. 2024).

According to current research on personality, specific char-
acteristics and behaviours are found to relate to certain facets of
conscientiousness. Regarding GBA, it was seen that personal-
ity facets can be indirectly measured through these behaviours
in games. For example, the facets of achievement striving, du-
tifulness, and self-discipline relate closely to the characteristic
of attempting to succeed in a specific task (Roberts et al. 2014),
which can be translated to succeeding in games. Similarly,
quick reaction time is hypothesised to relate to the subfacet of
self-efficacy and achievement striving, as those individuals un-
derstand how to handle a situation more effectively. Then, on
the contrary, slower reaction times may reflect individuals who



think for a longer amount of time and consider risks, as well
as being more patient. This correlates to constraint, which is a
sign of conscientiousness, specifically in the the self-discipline
and cautiousness facets (Roberts et al. 2014). Furthermore, the
facet self-discipline shows characteristics of patience. There-
fore, a more patient person has more self-discipline, which
may translate into them writing a larger quantity of words.

3. Research Statement

This research aims to address the knowledge gap in how per-
sonality assessments are conducted by exploring methods be-
yond traditional questionnaires and evaluating the validity of
these alternative methods in comparison.

To analyse this, multiple research questions and hypotheses
were formulated in order to quantify and test how open-ended
questions and mini-games perform in assessing personality
traits Compared to questionnaires.

The main research question is as follows:

Main RQ: Would a combination of mini-games
and open-ended questions be a valid and attractive
alternative to the IPIP-NEO-120 for assessing
conscientiousness?

To further explore this central question, multiple sub-
questions were developed, each accompanied by several related

hypotheses.

Sub-RQ 1: How do measures obtained for play-
ing mini-games compare to the conscientiousness
level assessed using traditional testing?

« H1.1: Higher mini-game success rates (sorting, maze,
spin wheel) will correlate positively with conscientious-
ness, especially on achievement striving, dutifulness, and
self-discipline.

* H1.2: Faster reaction times will correlate positively with
high self-efficacy and achievement striving

* H1.3: Slower reaction times will correlate positively with
self-discipline and cautiousness

Sub-RQ 2: How do writing style and content
from open-ended question answers compare to
the conscientiousness level as assessed using tradi-
tional testing?

* H2.1: Richer and thoughtful content correlates with con-
scientiousness, especially with dutifulness.

* H2.2: Structured and formatted writing style correlates
with conscientiousness, especially with orderliness.

* H2.3: Participants with lower conscientiousness (especially
low self-discipline) will write less (word count and qual-
ity) with each open-ended question due to frustration and
fatigue.

Sub-RQ 3: How do participants evaluate taking
the alternative compared to traditional measure-
ments?
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* H3.1: They prefer the mini-games.

* H3.2: They do not prefer the open-ended questions
* H3.3: They were more immersed in the alternative

* H3.4: The alternative will produce less self-reporting

Sub-RQ 4: Can the alternative measures further
our understanding of the construct of conscien-
tiousness? (+ In what ways are mini-games and
open-ended questions measurable?)

* H4.1: Each mini-game correlates with its corresponding
conscientiousness facet

* H4.2: Certain writing style aspects correlate with consci-
entiousness facets

* H4.3: Certain content aspects correlate with conscientious-
ness facets

* H4.4: Certain words (terminology) will correlate with
conscientiousness facets

4. Tool

This section goes over the tool that was constructed to evaluate
and measure the hypotheses and research questions. This was
done to determine if the tool has the potential to be a possi-
ble alternative to questionnaires (the traditional method for
assessing personality).

To tackle the assessment of gamified assessment, two dif-
ferent methods were designed: open-ended questions and
minigames. How these two parts were chosen, designed and
analysed is explained here.

4.1 Open-ended questions

4.1.1 Designing the questions

Three open-ended questions were constructed for this section,
where each targeted one of the facets of conscientiousness.
The facets that are being specifically targeted are self-efficacy,
dutifulness, and achievement striving. These facets were specif-
ically chosen to compensate for the designed minigames (ex-
plained in the next section), where they were designed with
the three other conscientiousness facets in mind.

Instead of asking the participant what they believe them-
selves to be in those specific facets, more situational questions
were asked to initiate a more role-playing atmosphere, as this
gamified aspect has been shown to have a better engagement
and immersion factor (Santos et al., n.d.). The participant is
then asked to consider how they would respond and write that
down.

The open-ended questions in question are:

* (Self-efficacy) You notice that money was taken from your
bank account an hour ago from an unknown address. You
are writing an email to your bank, but your computer goes
black and shuts off. What is your reaction, how do you
feel, and what will you do next?

* (Dutifulness) On your way home, a stranger on the street
gives you a pamphlet to donate money to animals (pets)
in need. You are in a hurry to get home, so you tell them
you will, and they thank you. You arrive home, and you
are holding onto this pamphlet. What will you do?
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* (Achievement striving) You tell yourself that you should
go for a walk during the afternoon. You step outside, and
you notice it is cloudy. The weather app says it will drizzle
lightly in an hour. What do you do? How do you spend
your afternoon?

Each question was designed and written with the facet of
conscientiousness it referred to in mind. Therefore, the re-
searcher brainstormed various questions, and the ones included
in the experiment are those below (Roberts et al. 2014).

* Self-efficacy relates to being able to handle situations on
your own, so the open question focused on a problem
where the participant had to react in a certain manner.
Dutifulness relates to more ethical or moral implications,
such as people keeping promises. Therefore, this situation
looked at how the participant responds when promising
to do a small task, and what they would actually do when
alone.

* The achievement striving facet looks at how likely some-
one is to continue with a task they set for themselves despite
possible inconveniences. That is why the goal of going for
a walk, despite the potential for rain, was chosen. It repre-
sents a task that many individuals could set for themselves,
but might also postpone or delay.

4.1.2 LLM Analysis of answers

The open-ended question answers were analysed through an
LLM, notably Claude.Al, due to its transparency in how it
trains its system and the possibility to remove user inputs. The
prompt given to Claude.Al, also shown in Appendix 1, consists
of certain criteria that the LLM ranks the answer on. There
were three different sections in which the LLM had to analyse:
the answer’s contents, writing style, and terminology. Ac-
cording to what the LLM was ranking, it assigns a specific
characteristic a score out of ten to see how closely the partici-
pant’s answer encompassed that specific, defined characteristic.
Characteristics of conscientiousness were defined and added
to the prompt to feed into the LLM, such that the LLM better
understands what to look for and rank the answers. Char-
acteristics include the use of more work-related words and
individuals who have a work ethic and are more achievement-
oriented, as those inclined to be more conscientious (Hirsh
and Peterson 2009).

For the contents, it was asked to analyse the answer’s level
of goals, responsibilities, emotional experiences, reflection,
objective description and technical language, as well as the
six facets of conscientiousness. The characteristics of the an-
swer’s contents were explicitly chosen by literature (Ragsdale
etal., n.d.) (Troiano, Oberlinder, and Klinger 2022) that listed
which characteristics were within a piece of writing’s contents.

Similarly, the same was done for the writing style, such
that the complexity of words chosen, the sentimental analysis,
grammar and punctuation, style and tone (Argamon et al. 2007)
(Verma and Srinivasan 2019), as well as structural complexity,
were analysed and ranked.

Lastly, for the terminology section, only the six facets of
conscientiousness were listed, along with words related to each

facet. For each of these characteristics (content, writing style,
and terminology), the LLM ranked from 0 to 10 on how much
a specific characteristic seemed apparent in the text.

For example, in the writing style ’grammar and punctua-
tion’, if there were no grammar mistakes and the writing was
done very well, the LLM is tasked to rate that characteristic as
a’10”. With these numbers, it was possible to analyse whether
an LLM is able to analyse a piece of text and if that has the
potential to be used to assess personality.

4.2 Minigames

In this section, three different minigames were designed and
developed, where they also represented one of the facets of
conscientiousness. For a complete list of all data points collected
in all minigames, along with their specifics, please refer to the
codebook in the OSF directory (Appendix 1).

4.2.1 Book minigame

Place at least 5 books on the shelf. You can drag the books.
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Figure 3. Book Minigame

The first game was a sorting books minigame (see figure 3),
where the intended conscientiousness facet was orderliness.
Orderliness is defined as the tendency to be organised and
logical (McCrae, Costa, and Martin 2005), as well as a pref-
erence for a structured environment (Roberts et al. 2014). In
this specific minigame, the participant has a set of books in
the lower compartment that they are asked to set atop a shelf,
but only for a few of the books that exist. For example, if six
books existed, the participant is asked to place at least three of
them. It is completely up to them which books they wish to
set on top, and if they want to follow a specific order.

The data collected from the book minigame include the
total time to complete the task, timestamps of mouse clicks,
the order of books picked up, the final order of books set, and

a list of all times the books were ordered.

4.2.2 Maze minigame

The maze minigame’s intended conscientiousness facet was
achievement striving. The idea and design of this maze (see



Get to the red square! You can skip if you want.

Click button arrow keys on the screen to move.

Figure 4. Maze Minigame setup

figure 4) came from an experiment where the participant was
asked to play a game to guess a specific word from a set of
other words. However, the twist was that they will always get
the answer wrong. This experiment was designed to test perse-
verance (Miittinen et al. 2021), especially in situations where
a solution is impossible to find. Since achievement striving is
related to persistence in complex tasks, setting high standards
(McCrae, Costa, and Martin 2005), and perseverance in the
face of difficulty is a key behavioural trait of conscientious
individuals (Duckworth et al. 2007), a minigame was designed
with that in mind.

Figure 5. Impossible Maze

To align with this literature, the possible and impossible
maze was designed. The participant was presented with a maze
to complete, starting simply at first. There are five mazes to
complete, which become more complex as they increase in size.
The third and fifth mazes were intentionally designed to be
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impossible to solve, which tests the participant’s perseverance
(see figure 5). The complexity of the maze itself is used to
assess whether the participant is willing to undertake harder
and more challenging puzzles.

The maze minigame collected the following information:
time to completion, the path the participant took to complete
the maze, all key press timestamps, and the timestamps when
the participant clicked the exit and enter buttons.

4.2.3 Spin-the-wheel minigame

Imagine yourself in this situation. What would you honestly do? (spins: 1/5)

Spin or skip the wheel. If you spin the wheel, the consequence of your action will be picked.

An unknown number call you at your phone.

‘Wrong number

L

Figure 6. Spin the chance wheel minigame

The last minigame was spinning the chance wheel (see
figure 6), where the intended facet was cautiousness. There
are specific characteristics associated with cautiousness, and
risk-taking is one of them, as it influences decision-making.
Cautiousness is the facet most associated with careful decision-
making (McCrae, Costa, and Martin 2005). Highly consci-
entious individuals tend to exhibit greater caution and con-
sider consequences more thoroughly (Johnston et al. 2008).
Therefore, the spin-the-wheel minigame presented a specific
scenario in which a wheel displayed various possible outcomes.
Any participant decides to spin the wheel and take a chance on
something happening, or skip a scenario entirely. Unknown
to them, however, is that the answer is already predetermined,
making it easier to find any correlations in a more controlled
environment.

The spin-the-wheel minigame collected the following in-
formation: total completion time and the click, hover, and
enter times for both the spin and skip buttons.c

5. Method

The personality facets and terms used in this research are based
on (Johnson 2014)’s research

5.1 Instrument

An online experiment was developed for this research, which
took place on Qualtrics and a website built (the tool) by the
researcher. The website is hosted online, and participant data
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is also stored in the associated database, in which the data is
not be linked back to individuals.

5.2 Procedure

This "Procedure’ section gives an overview of what the par-
ticipant goes through during the experiment’s entirety and
therefore does not go deeper into the details. A more thor-
ough explanation of the experiment is detailed in the following
subsection: "Experiment Design’.

It is divided into three parts, including a pre-experiment
and a post-experiment. As a whole, the participant go through
the following: pre-experiment, the open-ended questions,
the minigames, the traditional assessment, and lastly the post-
experiment.

Pre-experiment Before the experiment, potential partici-
pants are approached through different online social media of
the researcher. If an individual accepts the invitation, they are
brought into the first Qualtrics webpage. This is where the
experiment officially begins. Here, the participant is informed
about the experiment and its concerning research. They are
also asked to do the experiment alone, as outside distractions
influences the experiment. They are asked for their consent to
the experiment, such that the data collected is used for analysis.
Demographic information is requested, which includes their
age, English proficiency, computer science skills, and whether
they have auto-correct enabled. Once they have entered all
the necessary information, they are directed to the first part of
the experiment.

Part 1: Open-ended questions  The first part of the experi-
ment consists of answering three open-ended questions. The
participant is presented with each question at a time, where
each question pertains to everyday life situations (e.g., do they
clean their kitchen when they come home at 6 PM?) that they
may encounter, to which they are asked how they would react
and respond. They then write their answer in the provided
text box, and once finished, can click the button to move to
the next question or section.

Part 2: Minigames The participant is instructed to go to the
separate website. There, they are given an ID code to enter
into Qualtrics, which links their data from the minigames to
Qualtrics. Once they have inputted the ID Code, they can
continue with the experiment.

The contents of each minigame section are first explained,
and then the structure of each of them is detailed.

* Sorting books. The participant will have a number of
books to put on a shelf. They have a minimum number
of books to put in. They can freely choose if they wish to
sort the books.

* Completing a maze. The participant will have to be pre-
sented with a maze to complete. They have 5 of them to
complete, each becoming slightly more complex. A chosen

number of them will be impossible to solve, to test their
perseverance. They may skip a maze.

* Spinning a chance wheel. The wheel will show how much
money they could win or lose. They will have five wheels
to spin, each becoming riskier. This answer is already set
(unknown to them). They may skip.

The structure of the minigames is as follows: sorting books
(Level 1), going through the maze (Level 1 through 5), sort-
ing books (Level 2), spinning the wheel (Level 1 through 5),
and sorting books (Level 3). Each level increases in difficulty.
Therefore, for the *sorting the books’ minigame, the first level
has a2 minimum of three books to sort, while the third level
has a minimum of eight. The maze minigame also increases in
difficulty, where the maze becomes larger with each level. For
example, the level of the maze is a 5-by-5 grid, while the last
maze is a 25-by-25 grid. Furthermore, the third and fifth levels
of the maze minigame are impossible to solve. Lastly, spinning
the chance wheel minigame does not necessarily increase in
difficulty, but it does conceptually propose riskier situations in
which the participant must decide.

After completing all minigames, they are redirected back
to Qualtrics. They will continue and finish the experiment
there.

Part 3: Traditional assessment  This last part of the experi-
ment is the traditional assessment. In this section, the partici-
pant is given 32 statements about conscientiousness, in which
they need to respond using a 5-point Likert scale to indicate
how much they agree or disagree with each statement. With
those 32 statements, two additional statements are asked to
test the participant’s focus. For example, this could be to check
the right-most option. Once the participant completes all the
questions, they are directed to the post-experiment.

Post-experiment  With the use of Qualtric’s servicesS, it was
possible to see if the participant has failed the one or both of
the focus questions in the previous section. If they failed the
focus questions (meaning they did not select the correct box),
then they were asked to rate the amount of attention they had
given to each section of the experiment, on a scale of zero
to ten. After this, they continued onto the next part of this
section.

The participant evaluation comes next. The participant is
asked, on a scale from zero to ten, if they enjoyed the exper-
iment, were immersed in it, and believed they self-reported.
They asked all of this on a scale from zero to ten. After this is
all completed, they have officially finished the experiment.

5.3 Experiment design

This section, experimental design, looks further into the design
of the experiment, and includes the reasoning and literature
that helped conceptualise it. It also provides references to the

¢. Qualtrics, the online survey platform used in this study provided by
Leiden University, has multiple functionalities.
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appendix (Appendix 1) and specific examples of how certain
sections were formulated.

5.3.1 Pre-experiment

The participant is informed before the experiment whether
they consent to participate and are given the minimum nec-
essary information about the experiment itself. Nothing is
revealed about how it is assessed explicitly for personality, nor
what type of data is being recorded regarding the minigames
and how the open-ended questions are utilised. The reason
for not telling them is that letting them know will make them
aware that this data is specifically collected, and, therefore,
it may change their behaviour and results. This deception
is therefore necessary. They are completely disclosed in the
post-experiment, however.

This section also receives the participant’s demographic
information, such as their age, English proficiency, their skills
in using a computer, and whether they have a grammar check
enabled. The reason this is used is to potentially exclude partic-
ipants who are under 21, as their personality is still developing
and more volatile at that stage (Atherton et al. 2022). English
proficiency is required to understand some of the questions
that are asked. Since minigames on a computer are a part of
the experiment, participants need to have at least a minimal
amount of computer skills to use the mouse and keyboard. The
reason the grammar check is requested is to provide a control
check on the open-ended questions, as grammar is one of the
characteristics of the analysis check.

5.3.2 Part 1: Open-ended questions

The three open-ended questions presented here aim to encap-
sulate the facets of self-efficacy, dutifulness, and achievement
striving. They were placed one after another, each with a text
box underneath for the participant to write into. It was decided
that the open-ended questions are grouped in sequence rather
than intertwined with the minigames, to increase the overall
ease of use. This way, the participant does not need to switch
between window tabs.

5.3.3 Part2: Minigames

With the three minigames designed, they had to be organ-
ised and structured accordingly. The book minigame had
three levels, and the maze and spin-the-wheel minigames had
five. The reason for the difference in levels is that the book
minigame could technically take a very long time to complete
(and also take the shortest amount of time). To balance this
(and to reduce the possibility of the participant dropping out),
it was reduced to three levels.

To keep the entire minigame section structure less exhaus-
tive for the participant, it was structured in such a manner that
the first level of the book minigame happens, then the five
levels of the maze, then the second level of the books, then the
five levels of the spin minigame, and only then the last level of
the books. Switching between the minigames has shown that
it makes for a more enjoyable and less exhaustive experience.
Lastly, another reason for keeping the maze and spin levels
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together is that having each level follow the next relates to
the actual facets, unlike the book ordering minigame. The
maze minigame relies on the sequence of possible and impossi-
ble mazes, which are presented one after the other, to bring
the participant off guard when they encounter the impossible
maze, to push them into thinking whether they have indeed
interpreted correctly that the maze was impossible or not. Sim-
ilarly, the spin-the-wheel minigame involves risk-taking and
comparing risks from one spin to another. Having each level
occur subsequently helps the participant compare each level
more easily.

5.3.4 Part 3: Traditional Assessment

The third part of the experiment involved a traditional as-
sessment, specifically the IPIP-NEO 120 survey for consci-
entiousness (Johnson 2014). Here, the participant is asked 32
questions concerning conscientiousness, which uses a 5-point
Likert scale. After the participant has finished, the results are
accumulated to show scores for each facet of conscientiousness,
as well as the overall score for conscientiousness. This is the
result that is compared to the open-ended questions and the
minigames results.

5.3.5 Post-experiment

Here, the participant is asked if they enjoyed the experiment,
how their immersion was, and if they experienced any self-
reporting. This is particularly important because it is essential
to understand the participant’s perspective on the experiment,
as one of the motivations behind this study is to determine if
there is a more enjoyable and fulfilling way to assess personal-
ity. Additionally, a few focus questions were asked after the
participant evaluation to determine if they were paying atten-
tion or not. Some specific individuals did not pay attention,
and later, when they confirmed they had not paid attention,
they were excluded from the results so as not to bring further
outliers to the analysis.

5.4 Variables & Measurements

The data collected from the open-ended questions came di-
rectly from the answers participants provided. However, the
data was then transformed using the LLM, such that their
answers (strings of words) are translated into graded character-
istics interpreted by the model (numbers). With the data now
in numerical form, it becomes much easier to find correlations
between the open-ended question answers and the grades from
the traditional assessments.

The data collected in the minigames consists of information
that participants are not aware that is being recorded, and they
were debriefed about this after the experiment. This data
includes the number of times they hovered over or clicked any
button shown in the minigames, as well as the timestamps of
these actions. If they used a mouse, it also includes the number
of mouse clicks. In addition, minigame-specific datasets were
collected, such as which books participants clicked on and
released in the book minigame, and the path they took in the
maze minigame. All recorded data is found in the Appendix 1.
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The gathered raw data of the minigames was transformed
and manipulated to ensure its usability. For example, the data
on the number of mouse clicks in a minigame was stored in a
long string of timestamps (e.g., 100, 128, 193, 329), and this
data is run through code to calculate the precise number of
clicks that have occurred. Furthermore, some of these results
were used to create scores for the minigames. For example,
in the sorting book minigames, *optimal orders’ were com-
pared against the actual order of books the participant made,
therefore creating a score.

Lastly, raw data were also collected from the traditional
assessment, namely the IPIP-NEO item inventory. Using
the Likert scale, the questions that pertained to certain facets
were either added to or subtracted from the total sum of that
facet’s score (as some items are phrased in negation). This then
provided a total score for each individual’s standing on each
conscientiousness facet, as well as on conscientiousness as a
whole.

Excel and Python were used to handle and transform the
raw data, such that it is used as a variable to understand if there
was any correlation between these numbers and the traditional
assessment.

5.5 Data analysis

Data was first prepared and formatted properly in Excel so that
the sheets are easily accessed within a self-built local Python
program (Appendix 1). After the the raw data was properly
formatted, statistical analysis began.

Before examining any correlations, a pre-analysis was con-
ducted. Two different tests were conducted for the pre-analysis:
the Shapiro-Wilk test for assessing normality and examining
z-scores for outliers. The Shapiro-Wilk test examined the
p-values and was compared with the standard significance
level of 0.05. Then, the z-score test was conducted to identify
normal outliers and extreme outliers, using thresholds of two
standard deviations and three standard deviations, respectively.
These variables were all tested using the data gathered from
the open-ended questions and the minigames.

Then there was the choice of selecting between two dif-
ferent correlation tests to measure the strength of the relation-
ship between the variables and the facets of conscientiousness.
This is where the variables from the open-ended questions and
minigames were tested against the scores retrieved from the tra-
ditional assessment (IPIP-NEO-120 survey). Since Spearman
does not assume a normal distribution and is less susceptible to
outliers, Spearman correlation was used when the pre-analysis
revealed that the variable was not normally distributed or had
a few outliers (namely, more than five moderate outliers and
more than two extreme outliers). If the variable was normally
distributed and had few outliers, then Pearson’s method was
used.

The correlation tests (Pearson or Spearman) examined the
p-values and were compared against two different significance
levels: 0.05 for any value tested against simply conscientious-
ness, and 0.083 for all the other sub-facets. This is because,
since there are six different sub-facets, the standard 0.05 p-
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value was divided by 6 for the Bonferroni correction. If the
p-values of these correlation tests were below these levels, then
it meant that the correlation was significant. For those values
specifically, the coefficient of the correlation test was examined
to determine its magnitude and direction. This was to identify
a strong or weak correlation and to determine whether it was
positive or negative.

Lastly, to analyse the participant evaluations, paired sample
t-tests were used with the Bonferroni correction. This was
done to determine whether the calculated p-values indicated
any significant correlations rather than random noise.

The following section shows the main results and the anal-
ysis that was conducted. To see all of the results, please see the

appendix (Appendix 1).

6. Results

6.1 Demographics

The research aimed to recruit 50 participants, which is the
minimum required to conduct a conclusive evaluation using
statistical analysis on the research questions and hypotheses.
This number was calculated using G*Power. During the ex-
periment’s development, a pilot version was tested on four
different participants to refine the experiment. Their data was
still utilised. Over 70 participants took part in the experiment;
however, data from only 51 of them were used and analysed
for this research. This was because, for more than 10 par-
ticipants, the data was not used, either because they had not
completed the experiment (the minigames or the IPIP-NEO
questionnaire at the end) or because they indicated that they
had not paid attention during the focus checks towards the
end of the experiment.

Participants were recruited at random. The online experi-
ment was distributed through the researcher’s personal con-
nections and social media platforms, which were promoted by
the researcher, including WhatsApp, Instagram, and LinkedIn.
No participant was selected based on a specific characteristic.
However, there was an inclination towards individuals who
spoke English and were aged 21 or olderd. This was done by
reaching out to individuals in that age bracket. Furthermore,
their age was requested during the pre-experiment, to poten-
tially remove their data from the analysis. In the end, data from
51 participants was used after taking out invalid participants
due to age or incomplete data.

6.2 Measurement details
Conscientiousness was measured through minigames and open-
ended questions. For facets (e.g., cautiousness), the significance
of the correlation was calculated with a p-value of below 0.0083
(0.05/6) because of the six facets of conscientiousness, while the
trait of conscientiousness was checked for a p-value of below
0.05.

The different sections of the experiment were analysed
separately. Therefore, the variables of the different minigames

d. research shows that younger individuals change their personality more
easily before the age of 21 (Atherton et al. 2022)
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were first analysed, then the open-ended questions were anal-
ysed, and finally, the values of what the participants thought
about the experiment were examined.

6.3 Minigames

Conscientiousness was measured through the minigames: book
sorting, impossible and possible mazes, and spinning a chance
wheel. Specifically, the minigames were measure through
scores, reaction times, and overall behaviours.

6.3.1 Book sorting

In the minigame ’book sorting’, the variables score, order,
amount ratio, total time, clicks, average drag duration, and
number of books picked up were analysed. All the significant
correlations for this minigame is found in Table 1, where the
non-correlations were omitted. The omitted and insignificant
correlations include the other levels and facets not mentioned
in Table 1, as well as the variables total time, number of clicks,
aberration duration, and number of books picked up.

Table 1. Book sorting minigame significant correlations results

Variable Levels Conscien.? p-value  coef.

Score ha? all Conscien. 0.0354  0.1954
Score ha all cautious. 0.0035 0.2646
Score hd*® all cautious. 0.0021 -0.2782
Amount ratio all discipline 0.0006 -0.3085
Amount ratio 1 discipline 0.0045 -0.4397
Most picked book? all Conscien. 0.0197  -0.3674
Unchanged order® all Conscien. 0.0471 -0.3197
Amount times lastorder 1 self-efficacy ~ 0.0052 -0.4332

Conscientiousness

Height ascending

Height descending

Amount most picked up book
Amount unchanging order

m a0 T

The score of the minigame was a ratio comparing how
the participants sorted the books compared to six different
optimal manners in which the books could have been sorted.
The books had three different characteristics: height, colour,
and title, which means that they could have been sorted ac-
cording to these three characteristics in either an ascending
or descending manner. Therefore, six different scores were
calculated according to these six different ways that the books
could have been sorted.

The analysis shows that height ascending exhibits a sig-
nificant positive correlation with the overall trait of conscien-
tiousness (coef = 0.2), with a greater magnitude for the facet of
cautiousness (coef = 0.26). In the same vein, the books sorted
in a height-descending manner showed a significant negative
correlation with cautiousness (coef = -0.28). No other score
order had any significant correlation, nor did any other level
in the book sorting minigame, nor any other facets.

There was a significant correlation between the number
of books set, calculated by ratio of the maximum number of
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books set and the number the participant had set. Namely,
throughout the entire book minigame, there was a significant
negative correlation with self-discipline (coef = -0.31), espe-
cially in the first level (coef = -0.44). In contrast, the other two
levels did not show any significant correlations.

No significant correlations were found for the book minigame’s

completion time, as well as for the number of mouse clicks and
the average drag duration.

Concerning behaviours related to the number of times
specific books were picked up, there are a few significant cor-
relations. The maximum number of times the same book was
picked up shows a significant negative correlation (coef = -
0.37) with the overall conscientiousness trait across all levels.
However, there was no significant correlation at the individ-
ual level, only for the minigame as a whole. Similarly, the
number of times the same order of books was set also shows a
significant negative correlation (coef = -0.32) with the overall
conscientiousness trait over the whole minigame. This refers
to the participant picking up a book to put it in the same place
in terms of order, but not necessarily in the same distance.
Furthermore, the number of times the last order of books that
has been sorted in the same way shows a significant negative
correlation (coef = -0.43) specifically with the self-efficacy
facet at the first level, but not overall. Finally, no significant
correlations were found between the overall number of books

picked up and the other variables.

6.3.2 Maze

All the significant correlations for this minigame can be found
in Table 2, where the non-correlations were omitted. The
omitted and insignificant correlations include the other levels
and facets not mentioned in Table 2, as well as the score, length
ratio, total time, average hover time and last hover duration
variables.

Table 2. Maze minigame significant correlations results

Variable Levels  Conscien.? p-value coef.

Amount key press  allimp® Conscien.  0.0487 -0.2171
Amount key press 5 Conscien.  0.0341 -0.3278
Last press time 5 Conscien.  0.0403 -0.3177
Amount hovers 5 discipline  0.0073 -0.4079

a Conscientiousness
b Allimpossible mazes

Conscientiousness was measured in the minigame "maze’
through score, length ratio, total time, number of key presses,
and hovers.

No significant correlations were found in the maze score,
which relates to how closely the participant’s path aligned with
the optimal path towards the final square, the ratio of steps
taken to the minimum possible towards the maze exit, and the
total completion time. Therefore, no correlations were found
in any individual levels, nor the minigame as a whole.

Significant correlations were found in the number of key
presses the participants took. Interestingly, no significant corre-
lations were found when examining the entire maze minigame
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as a whole. However, significant correlations were specifically
identified within the impossible mazes. Thus, significant neg-
ative correlations were found in the overall conscientiousness
trait (coef = -0.22) for all impossible mazes, especially in the
last (impossible) maze (coef = -0.33).

Secondly, the time it took participants to press the last key
to move in the maze and then click the button to finish the
level showed a significant correlation. Specifically, there was
a significant negative correlation (coef = -0.32) with the last
impossible maze to the conscientiousness trait, but not with
any other individual levels or levels as a whole.

There were significant correlations found with the number
of hovers above the ’go to next minigame’ button. Specifically,
on the last impossible maze, there was a significant negative
correlation (coef = -0.41) to the facet discipline.

Lastly, no significant correlations were found between the
average hover durations and the amount of time the last hover
on the button took.

6.3.3 Spin the wheel

All the significant correlations for this minigame is found in
Table 3, where the non-correlations were omitted. The omit-
ted and insignificant correlations include the other levels and
facets not mentioned in Table 3, as well as the amount of spins
in the overall minigame, the timestamp for click, total time,
amount of times skip button was hovered and overall amount
of times both buttons were hovered variables.

Table 3. Spin-the-wheel minigame significant correlations results

Variable Levels Conscien.? p-value  coef.

Avg hover spin® all Conscien. 0.0315 -0.3407
Avg hover skip® all achieve.d 0.0046  -0.4387
Amount hover spin® 5 self-efficacy ~ 0.002 -0.4748

Conscientiousness

Average hover on spin button

Average hover on skip button
Achievement-striving

Amount of times spin button was hovered
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For the spin-the-wheel minigame, conscientiousness was
also measured and examined for significant correlations. The
specific variables measured were the number of spins taken
by the participants, as well as specific time durations and the
frequency of their mouse hovering above a button.

No significant correlations were found between the num-
ber of spins taken by the participant and the five levels of this
minigame. Similarly, no significant correlations were found
for the amount of time it took participants to click either the
spin or skip button or to proceed to the next level.

Significant correlations were found for the average number
of hover times the participant had over the spin and skip but-
tons. Specifically, a significant negative correlation was found
in the overall conscientiousness trait (coef = -0.34) for hovering
above the spin button, although no significant correlation was
found at the individual levels. Significant negative correlations
were found in level 2 (coef = -0.44) for hovering above the
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skip button. However, no significant correlation was found
on other levels or for the entire minigame.

A few significant correlations were found for the amount
of time the participant hovered above a button. Notably, at
the spin button level 5, there was a negative correlation (coef
= -0.48) with facet self-efficacy. However, no significant cor-
relation was found on other individual levels or for the entire
minigame, nor for the skip button.

6.4 Open-ended Questions

Conscientiousness was measured through open-ended ques-
tions, specifically through the contents and writing style of
the answers, which were analysed using the LLM’s analysis of
conscientiousness and other writing elements. Thus, first, the
answers were analysed through the LLM such that it have a
ranking to each conscientiousness facets from 0 to 10. Later, it
analysed the answers based on specific elements of either the
answer’s content or writing style.

All significant correlations for the open-ended questions are
presented in the Table 4, where non-significant correlations
have been omitted. The omitted and insignificant correlations
include the other levels and facets not mentioned in Table 4,
as well as the content’s conscientiousness analysis of question
1, 2 and all, the writing style question 1, 2, 3, and all, con-
tent’s characteristics on question 1, 3 and all, writing style’s
characteristic on question 2, 3, and all terminology.

Table 4. Open-ended answers significant correlations results

Variable Levels Conscien.? p-value coef.

Content oe-achieve. 3 Conscien.  0.0185 0.3288
Word count 1 achieve.€ 0.0046 -0.4387
Content objective.d 2 cautious. 0.0062 0.3785
WS stylistic® 1 Conscien.  0.0224 0.3194
WS structuralf all cautious. 0.0024 0.3194

Conscientiousness

LLM ranking of achievement-striving for the answer’s content
Achievement-striving

Objective writing

Writing style: stylistic

Writing style: structural
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Significant correlations were found in the contents of the
answer and how the LLM ranked the answers according to
the conscientiousness facets. It was observed that what the
LLM defined as achievement striving was significantly and
positively correlated with the overall conscientiousness trait,
specifically in the third open-ended question (coef = 0.33). No
other significant correlations were found in the other open-
ended questions or the open-ended questions section as a whole.
Furthermore, no significant correlations were found at all for
the writing style in the LLM’s analysis of the conscientiousness
facets.

Significant correlations were also found for the word count
of the answers and conditions. In the second open-ended ques-
tion, specifically, the facet cautiousness significantly positively
correlated (coef = 0.37) with word count.
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According to the characteristics of the answer (therefore
not the LLM’s ranking of the conscientiousness facets), there
appeared to be significant correlations. What the LLM ranked
as reflective writing showed a significant positive correlation
(coef = 0.38) with the facet cautiousness. However, no other
significant correlations were found in the other questions, in
the open-ended question section as a whole, or in the other
characteristics the answers’ contents could have.

Following the content, significant correlations were also
found in the writing style characteristics of the answers. Stylis-
tic writing exhibits a significant negative correlation (coef =
-0.32) with the facet of cautiousness, and structured writing dis-
plays a significant negative correlation (coef = -0.32) with the
overall trait of conscientiousness. However, no signiﬁcant cor-
relations were found in the other questions or the open-ended
section as a whole.

Lastly, no significant correlations were found for terminol-

ogy.

6.5 Participant evaluation

Lastly, at the end of the experiment, participants were asked to
reflect on their overall experience and rank each of the three
sections (open-ended questions, minigames, and the state-of-
the-art survey). These were all compared to one another. By
subtracting the average of the ranking of the surveys from the
minigames and open-ended questions, we have the following:

* Mean of -0.79 when comparing the minigames and survey
enjoyment, therefore skewed toward minigames.

* Mean of -0.09 when comparing the open-ended questions
and survey enjoyment, therefore slightly skewed toward
open-ended questions.

* Mean of -0.5 when comparing the minigames and survey
immersion, therefore skewed toward minigames.

* Mean of -0.21 when comparing the open-ended questions
and survey immersion, therefore skewed toward open-
ended questions.

* Mean of 0.13 when comparing the minigames and survey
self-report, therefore skewed toward surveys.

The results of the participation evaluation were analysed
through paired sample t-tests, which were then corrected us-
ing the Bonferroni method (dividing the 0.05 alpha by 5)
to account for the five different comparisons. The analysis
showed that the p-values calculated did not reveal any signif-
icant correlations. Therefore, across these five comparisons,
the results are not statistically significant enough to draw any
conclusions.

7. Discussion

With the results in place, the sub-research questions defined
earlier were analysed and determined whether the hypotheses
have been accepted or rejected. In the hypotheses and discus-
sions below, some hypotheses are rejected because correlations
were not found in that specific area. However, this does not
mean that correlations were absent for the overall minigame.
It is possible that correlations were not found in the success
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rates of the minigames but were instead present in the reaction
times, hence the need to reject or accept specific hypotheses.

7.1 Sub-RQ1

Sub-research question: How do measures obtained for playing
minigames compare to the conscientiousness level assessed
using traditional testing?

7.1.1 HI1.1

Hypothesis: Higher mini-game success rates will correlate
positively with conscientiousness, especially on achievement
striving, dutifulness, and self-discipline.

The hypothesis specifically examines the defined success
measures of each minigame to see if they relate to conscien-
tiousness. These success measures include whether participants
attempted to sort the books, how close they came to solving
the maze without drifting, their ratio of safe versus risky de-
cisions in the spinner wheel game, and the speed with which
they completed these tasks. Therefore, this hypothesis does
not focus on smaller behaviours or reaction times, but rather
measures more conscientious behaviours and the speed with
which participants carried them out.

Book minigame: The hypothesis stands partly true. There
is a significant correlation between minigame scores and con-
scientiousness, as well as with self-discipline and cautiousness,
but not with any other facets.

Conscientiousness can be derived specifically by a height-
sorted book ordering, often through an ascending pattern
(although a descending sort can be used). How well the books
are sorted indicates the conscientiousness level, more specifi-
cally in relation to the facet of cautiousness. Furthermore, the
number of books sorted is also an indicator of conscientious-
ness, although it is mostly related to the facet of self-discipline.

This means that caution can be measured by how well the
books were sorted in a height-ascending manner, while self-
discipline can be measured by how many books were set on the
shelf. Therefore, overall, conscientiousness can be measured
by the book minigame.

Additionally, the results also show that any other method
of sorting the books (therefore, colour or alphabetically) shows
no significant correlation with conscientiousness as a whole or
with any of its facets. This is particularly interesting because it
suggests that, when individuals think about sorting or organ-
ising, the height of the books is their main priority. It may
indicate that participants perceive height as the most defining
characteristic of the books, making it more logical for them to
focus on height rather than colour or the titles of the books.

Maze minigame: The hypothesis is rejected. In contrast to
the prior minigame, no significant correlations were found for
any type of scoring. This means that there were no correla-
tions between conscientiousness and the similarity between
participants’ and the optimal path through a maze. However,
other correlations were found, but they do not relate to success
rates and are discussed under another hypothesis.
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Spin-the-wheel minigame:  The hypothesis is also rejected.
The number of spins the participants had chosen showed no
correlations to any of the conscientiousness facets or its overall
trait. However, other correlations were found, but they do
not relate to success rates and are discussed under another

hypothesis.

Overall: The only indication that the success rate serves as
a viable measure was within the book minigame, and not in
any of the other two minigames. Furthermore, there were no
correlations with achievement striving or dutifulness either.
While success rates can correlate, it seems that minigame scores
do not measure the facets of achievement striving, dutifulness,
and self-discipline. As a whole, however, the success rates of
minigames can measure conscientiousness in general.
However, this could also be due to the fact that these games
were not designed to be competitive or to have a high score
in the first place. This may contribute to the lack of correla-
tions with these specific facets. Future research and work is
encouraged to examine how success rates correlate with con-
scientiousness, especially when a minigame is designed to be
competitive and score-based, and reexamine this hypothesis.

7.1.2 HI1.2
Hypothesis: Faster reaction times will correlate positively
with high self-efficacy and achievement striving.

This hypothesis analysed variables such as the amount of
time it took to complete the minigame, as well as the number
of clicks taken throughout the entire time and the average
drag durations. The amount of time and the quantity of these
actions relate to the speed of the reaction times.

Book minigame:  The hypothesis is rejected as no significant
correlations were found. No correlations were found between
this minigame and the facets of self-efhcacy or achievement-
striving. Furthermore, no other correlations to faster reaction
times were found.

Maze minigame: The hypothesis is partially accepted. Vari-
ous significant correlations were found concerning speed and
the frequency of participant reactions. The time it took for
the participant to press the key for the maze to the button
to advance to the next level correlated negatively with the
conscientiousness trait. Therefore, the longer it took for the
participant to click to the next minigame after finishing the
maze, the lower their conscientiousness level was. Vice versa,
the quicker they reacted, the higher their conscientiousness
level. This was the only variable concerning quicker reaction
times in the maze minigame.

This could be interpreted as participants quickly deciding
to move on to the next minigame or level once they completed
the maze, due to them being more conscientious (and therefore
more generally organised and confident in their assessment).
This could imply that participants who complete the minigame
and decide they no longer want to continue have a stronger
tendency toward conscientiousness. In other words, these
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individuals are possibly more decisive in determining when
they are finished interacting with the minigame.

Spin-the-wheel minigame:  The hypothesis is also partially
accepted. The average amount of time the participant hov-
ered above the spin and skip button showed a negative cor-
relation with conscientiousness. Therefore, a shorter amount
of time spent hovering above the spin button correlated with
higher conscientiousness for all five levels of the spin-the-wheel
minigame.

Interestingly, this is not the case for the skip button. For
the skip button, specifically on the second level, there is a
negative correlation with achievement striving. Therefore, if
the participant hovers for a shorter time above the skip button
during level 2, they correlate with higher achievement striving.
This is interpreted as a quick decision-making process on the
participants’ part, especially since the second level involved
petting a dog, which could be seen as a low-stakes, quick-
thought decision. Furthermore, as this correlation only applies
on the second level, it signifies that this is not a general effect.
Therefore, it shows that it is concerned with the contents of
the level rather than the nature of the minigame.

These correlations specifically relate to the hypothesis,
which signified a faster reaction time. However, there are
no other significant correlations relating to faster reaction
times.

Overall:  This hypothesis shows that there are limited correla-
tions between conscientiousness and fast speeds in minigames.
It was hypothesised that individuals who want to complete a
task as quickly as possible also demonstrate self-efficacy, which
involves confidence in taking on tasks quickly and effectively
(Baburajan, Abreu e Silva, and Pereira 2022), which was not
the case here. Nevertheless, there are correlations between
conscientiousness and fast reactions.

7.1.3 HI1.3
Hypothesis:  Slower reaction times will correlate positively
with self-discipline and cautiousness.

This hypothesis also analyses time-based variables and the
frequency of actions within the minigame.

Book minigame: Similarly to the previous hypothesis, no
significant correlations were found with any of the slower
behvaiours nor the facets of self-discipline or cautiousness.
Therefore, the hypothesis is rejected for the book minigame.

Maze minigame: The hypothesis is partially accepted. The
number of times participants pressed a key showed a negative
correlation with their level of conscientiousness. This was
only found in the impossible mazes, especially the last one.
Therefore, the fewer times participants pressed a key during
the impossible mazes, particularly the last one, indicated a
higher degree of conscientiousness. This can be attributed to
participants carefully considering whether they are capable of
solving the maze or not. Similarly, there was also a correlation
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between fewer hovers above the button and overall conscien-
tiousness on just the last impossible maze. This suggests that
participants hovered their mouse over the button less, perhaps
because they were more carefully considering their actions
during the maze rather than acting quickly. No other signifi-
cant correlations were found, therefore saying nothing about
the individual facets. Nevertheless, the hypothesis is partially
accepted due to the correlation with overall conscientiousness.

Spin-the-wheel minigame: This hypothesis is partially ac-
cepted. The quantity in which the participants hovered above
the spin button correlated negatively with the self-efficacy
facet, specifically the last level. The last level of this minigame
focuses on deciding whether to walk past a seemingly drunk
man late at night. This level was designed to evoke a sense of
danger and urgency in participants, specifically to assess their
ability to perceive risk, a trait hypothesised to relate to risk-
taking behaviour and, consequently, the facet of cautiousness.

The analyses data reveals that the fewer times the partici-
pants hovered above the spin button indicates a high level of
self-efficacy at the fifth level. This can be interpreted as par-
ticipants being less hesitant and less indecisive in this specific
scenario, resulting in fewer ‘switches’ between choices, as seen
in the number of times they came on and off the spin button.
This suggests that participants have more self-efhicacy, as they
know themselves better and therefore know how to behave in
this specific scene more quickly.

Overall: This hypothesis holds for both the maze minigame
and the spin-the-wheel minigame, as participants take more
time to consider their decisions and are more confident about
their planning before proceeding. While there are no cor-
relations between self-discipline and cautiousness, there are
correlations with self-efficacy, a facet closely related to these
two.

7.1.4 Sub research question 1 conclusion

Regarding this sub-research question, it appears that while
minigames show potential in measuring the trait of consci-
entiousness in terms of their scoring and reaction speeds, the
current minigames used in this study do not reliably substitute
for traditional personality assessments. Currently, reaction
times (such as how fast or slow a participant is) show more
promise than game scores for measuring conscientiousness.
Therefore, these behavioural characteristics, such as reaction
times and hovering patterns, show more promise than actual
success rates.

There is, however, potential in determining individuals’
contingency levels through success rates, particularly in the
book minigames. An individual’s level of conscientiousness
can be inferred by whether they store their books in a height-
ascending order. This is not reflected through the specific
facets, but rather through the conscientiousness trait in general.
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7.2 Sub-RQ2

Sub-research question: How do writing style and content from
open-ended question answers compare to the conscientiousness
level as assessed using traditional testing?

7.2.1 H2.1
Hypothesis: Richer and thoughtful content correlates with
conscientiousness, especially with dutifulness.

This hypothesis is partially accepted, though with limited
correlation. The only correlation found in the LLM’s analysis
of open-ended responses was between its achievement striving
rankings and participants’ overall conscientiousness. Therefore,
what the LLM identified as achievement striving correlates
positively with conscientiousness, but this correlation only
applies to the third open-ended question, not to the other two
questions or the open-ended section as a whole.

This can be interpreted in two ways: either LLMs interpret
conscientiousness as primarily related to achievement striving
content, or people with more achievement-oriented content
are more prone to being conscientious. However, since this
correlation only occurred in one of the three open-ended
questions, it already points to how using LLMs prove to be
difficult in determining conscientiousness.

Lastly, since this correlates only with the third open-ended
question, achievement striving possibly relates directly to the
question’s topic, which concerned how participants reacts in
case they wanted to take a walk and it started drizzling outside.
This open-ended question could help measure a participant’s
conscientiousness by examining how the LLM ranks their
achievement striving in response to this scenario.

7.2.2 H2.2
Hypothesis: Structured and formatted writing style corre-
lates with conscientiousness, especially with orderliness.

This hypothesis is rejected. No significant correlations
were found between the LLM’s analysis of the writing style
in the open-ended questions and the traditional survey re-
sults of conscientiousness. No correlations were found with
conscientiousness or with the facet orderliness.

7.2.3 H2.3

Hypothesis:  Participants with lower conscientiousness (espe-
cially low self-discipline) will write less with each open-ended
question due to frustration and fatigue.

This hypothesis is partially accepted. The word count on
the first open-ended question was negatively correlated with
achievement striving. This means that the less the participant
wrote in response to the first open-ended question, the more
likely they were to have a higher achievement-striving level.
Since this correlation only appears for the first open-ended
question, and not for any other question or the entire open-
ended section, this correlation is likely specific to this question
specifically.

This could be interpreted about the question’s topic or by
the fact that it is the first question to appear. Considering the
topic about what the participant would do in case of bank
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problems, the amount of detail that participants want to go
into (therefore relating to word count) may be interpreted
as a sign of achievement striving. Similarly, since this is the
first open-ended question to appear, it could also indicate that
participants put in more effort on the first question when they
are still less fatigued. This attitude possibly diminishes with
subsequent questions.

7.2.4  Sub research question 2 conclusion

Overall, while LLMs do show a few correlations, they are very
few and largely fail to predict conscientiousness facet levels.
There are specific findings, such as how the LLM’s ranking on
achievement striving correlates with conscientiousness, and
how word count correlates with achievement striving. Nev-
ertheless, it appears that LLMs cannot accurately assess con-
scientiousness facets solely through content and writing style.
The question-specific correlations suggests that further refine-
ment is needed in how the questions are worded and what
they are about, which could help unveil underlying personal-
ity traits more effectively. Currently, it points that traditional
personality assessments are superior to LLM analysis of consci-
entiousness (to these current open-ended questions).

7.3 Sub-RQ3
Sub-research question: How do participants evaluate taking
the alternative compared to traditional measurements?

The participation evaluation consisted of asking partici-
pants how they thought of the experiment. The analysis of the
paired sample t-tests showed no significant correlations within
the participant evaluations. Therefore, all the hypotheses in
this sub-question are inconclusive, as no significant correla-
tions were found. Consequently, no conclusions can be drawn
about whether participants enjoyed or were immersed in the
experiment.

Nevertheless, the remainder of this section considers the
magnitude and direction of the calculated means from the
participant evaluations. The following discussion is therefore
hypothetical, intended to explore what the findings could have
suggested if the values were significant.

7.3.1 H3.1
Hypothesis: They prefer the mini-games

This hypothesis is accepted. Comparing participants’ rank-
ings of their enjoyment of minigames and surveys showed a
mean difference of -0.79, where the negative sign indicates a
skew towards enjoying minigames more. Since minigames
were the section that contributed most to serious gaming, with
a big focus on making them as game-like as possible, this con-
tinues to prove that game-like elements are more enjoyable
than simple surveys.

7.3.2 H3.2

Hypothesis: They don’t prefer the open-ended questions
This hypothesis is rejected. Participant evaluation showed

a slight skew towards enjoyment of open-ended questions.

This is quite interesting because open-ended questions are

17

typically viewed more negatively compared to surveys. The
reason for further enjoyment of open-ended questions may be
because of the question content itself. Instead of being purely
about scientific topics, it incorporated more of the role-playing
gamification aspect, which may have encouraged participants
to enjoy those specific open-ended questions more.

7.3.3 H3.3

Hypothesis: They were more immersed in the alternative

This hypothesis is accepted. For both open-ended ques-
tions and minigames, participants noted that they were more
immersed in these activities than in surveys. Once again, this
could be attributed to the game-like aspects of both parts. It
is also interesting that participants were more immersed in
minigames than open-ended questions, which tracks with how
much they enjoyed both sections.

7.3.4 H3.4

Hypothesis:  The alternative will produce less self-reporting

This hypothesis is rejected. A comparison was made be-
tween the honesty of participants in open-ended questions
and surveys to determine if there was any self-reporting bias.
There was a skew towards surveys, indicating that participants
were more honest when responding to surveys compared to
open-ended questions. This could be attributed to the fact
that open-ended questions require more mental effort. Since
they involve role-playing in specific scenarios, there’s more
leniency towards being less honest. Surveys, on the other hand,
are more pointed and require less deliberation.

7.3.5 Sub research question 3 conclusion

Participants preferred the more gameified assessment methods
compared to traditional methods. This was shown through
their ranking of enjoyment and immersion for open-ended
questions, minigames, and surveys. However, it does show that
the traditional method of surveys brought forth more honesty
from participants, which puts self-reporting at a greater risk
in open-ended questions. Therefore, for more honest and
reliable responses, surveys may be a better approach. However,
as minigames are only assessed through behaviour, and they
have the most enjoyment and immersion out of the three
sections, it could be argued that minigames are more honest
and better for retrieving data.

7.4 Sub-RQ4

Sub-research question: Can the alternative measures further
our understanding of the construct of conscientiousness?

7.4.1 H4.1
Hypothesis: Each minigame correlates with its correspond-
ing conscientiousness facet

Examining the correlation between each minigame and
its intended target facet reveals few significant correlations.
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Book minigame: The book sorting minigame was designed
to measure the facet orderliness, but no correlation was found
between this facet and the results.

Maze minigame: The maze minigame was designed to mea-
sure self-discipline, and correlations were found for that facet
on the last impossible maze. Specifically, participants tended
to have a higher level of self-discipline when they hovered
less over the skip button without clicking. No other correla-
tions were found within the maze minigame for self-discipline.
Nevertheless, this indicates that individuals with more self-
discipline understand how to control the cells better and there-
fore have less tendency to hover back and forth over the button,
perhaps demonstrating more certainty in the decisions they
make.

Spin-the-wheel minigame:  The spin-the-wheel minigame
was designed for cautiousness, but it did not correlate with
that facet either.

Overall: These results indicate that measuring targeted facets
through minigames is more challenging than expected. How-
ever, it is possible, as self-discipline was measured with the final
maze instance as originally intended. Nevertheless, this repre-
sents only one successful instance out of all attempts, showing
the difficulty in actually measuring intended facets through
these minigames. Still, in all cases, conscientiousness as a whole
trait was measurable, suggesting that while specific facets prove
challenging to assess, broader personality dimensions (such as
traits, e.g. conscientiousness) is able to be captured through
gameplay behaviour.

7.4.2 H4.2
Hypothesis: Each open-ended question correlates with its
corresponding conscientiousness facet

This hypothesis is rejected. Each open-ended question
targeted a specific facet of conscientiousness: the first open-
ended question about the bank related to self-efhicacy, the
second open-ended question about the pamphlet related to
dutifulness, and the last open-ended question about the walk
in the rain related to achievement striving.

As seen in hypothesis 2.1, the third open-ended question
showed a correlation between the LLM’s ranking of achieve-
ment striving and conscientiousness. In this case, it was the
LLM that found the correlation between the answer contents
and achievement striving, rather than the actual survey itself.
Since this does not relate directly to the achievement striv-
ing facet according to the survey, nothing can be said about
whether the answer contents is able to assess achievement striv-
ing.

No other correlations were found for the contents. While
the LLM’s assessment of specific characteristics within the
answer contents and writing style showed correlations with
specific characteristics and conscientiousness, no relation was
found to the actual facets assigned to each open-ended ques-
tion.
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7.4.3 H4.2

Hypothesis: Certain writing style aspects correlate with con-
scientiousness facets

This hypothesis is partially accepted. The only writing
style aspects that correlated with a conscientiousness facet were
stylistic and structural writing, where both correlated nega-
tively with conscientiousness as a trait. Stylistic writing refers
to the style and tone of a specific piece of writing, examining
whether it incorporates personal reflection, objective tones, or
humour within the text. According to these results, partici-
pants who wrote more stylistically were less likely to be more
conscientious. Similarly, structural complexity, which referred
to sentence length and paragraph structure, showed a negative
correlation to conscientiousness. Therefore, the less structural
their writing was, the more they tended to be conscientious.

This is particularly interesting because the hypothesis was
mostly based on the opposite of these results, where it was
assumed that more conscientious people have a more stylistic
and structurally complex writing style. These results could
be interpreted as indicating that conscientious participants
are more straightforward in their writing, conveying their
intended meaning more directly.

Nevertheless, this also means that other writing style char-
acteristics did not have significant correlations to conscien-
tiousness. This means that the formality of the writing style,
as well as the sentimentality, grammatical punctuation, and
complexity of constructions within the wording, did not con-
tribute to significant correlations. Instead, conscientiousness
can only be measured through a lack of style and tone within
the writing, as well as simple structural complexity.

7.4.4 H4.3

Hypothesis: Certain content aspects correlate with consci-
entiousness facets

This hypothesis is partially accepted. The only correlation
found between content characteristics and conscientiousness
was a positive correlation between reflective writing and the
facet of cautiousness. Therefore, if the participant’s content
showed more reflection (signs of thoughtfulness, introspection,
and self-awareness), the participant was more likely to be cau-
tious. This correlation was specifically observed in the second
open-ended question, which examined participants’ reactions
to what they would do if given a pamphlet by a stranger.

This is particularly interesting because it shows that partic-
ipants tended to be more cautious when reacting in this spe-
cific scenario. What could be happening is that this question
was framed to touch on a person’s dutifulness, and therefore
touched upon their morality regarding what they would do
in this situation. This may have pushed people to explain their
reasoning more thoroughly, hence fostering their reflection,
which we now see correlated to their caution

No other correlations were found in the other open-ended
questions or the other content writing styles.
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7.4.5 Sub research question 4 conclusion

It is limited in its ability to reliably measure the targeted facets
of conscientiousness in the intended minigames. Only the
maze minigame measured its intended facet (self-discipline)
in its impossible mazes, while the other minigames did not
show any correlations to their intended facets. As a whole, the
minigames can measure conscientiousness, simply not in their
more specific facets. However, the correlation of self-discipline
with the maze minigame does indicate potential for measur-
ing conscientiousness facets through the use of minigames.
Currently, though, it is more reliable to measure conscien-
tiousness as a whole, but this does not rule out the possibility
of measuring facets as well.

Several interesting characteristics were identified in the
open-ended questions. First of all, there was no correlation
with any of the intended facets for the open-ended questions,
either. However, there were signs of cautiousness in the reflec-
tive writing in the pamphlet scenario question, as well as the
unexpected, simple, and straightforward writing style, which
showed conscientiousness. Instead of looking at open-ended
questions as a whole, there are more reliable correlations with
scenario-specific questions than with open-ended questions in
general.

8. Limitations

Several limitations affected this research, including constraints
related to the chosen LLM, the exhaustive nature of the study,
time limitations, methodological improvements, and inherent
limitations of current personality assessments.

8.1 LLM Selection

Initially, the LLM chatbot Olmo was selected for analysis.
However, this choice was abandoned before data analysis began
because Olmo no longer provided transparent explanations of
how they stored user input. To protect participant privacy,
Claude.ai was chosen instead due to its ability to remove all
user inputs.

After conducting data analysis and reviewing the literature
(Oeljeklaus, Hoft, and Danner 2025), several pitfalls became
apparent. Proper prompting when using LLMs is critically
important. While extensive definitions and instructions were
provided (detailed in methodology and Appendix 1), the lack
of correlations for open-ended questions suggests that more
specific, direct prompts with examples may have yielded better
correlations.

8.2 Time Constraints

The six-month thesis timeframe, combined with the exploratory
nature of this study, created significant limitations. Since the
study examined numerous variables seeking correlations with
conscientiousness, non-correlations were inevitable. Neverthe-
less, analysing all data points (particularly minigames) required
extensive time for conceptualisation, design, data gathering,
and analysis.
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The exhaustive nature of this thesis means time constraints
was likely to remain regardless of the timeframe given. Nev-
ertheless, this specific timeframe limited how much data was
analysed compared to what was gathered. Further analysis
could have examined timestamp correlations with conscien-
tiousness at different minigame stages (beginning, middle, end),
but time constraints prevented this analysis.

Additionally, data from 51 participants were used after
excluding 20 participants due to incomplete experiments, lan-
guage barriers, or age restrictions. More participants could
have yielded more reliable correlations.

8.3 Methodology
If time permitted, more variables could have been analysed.
While already exhaustive, the study is able to be expanded fur-
ther. For example, minigames could have included more levels,
potentially revealing additional correlations. This experiment
examined three facets through open-ended questions and three
through minigames. An expanded format could have included
six open-ended questions and six minigames for each of the
six facets. This was not implemented to prevent participant
exhaustion. Nevertheless, with guaranteed participant com-
pletion, this longer format is expected to better determined
whether gamified assessments reliably measure personality.

Similarly, this experiment utilised the IPIP-NEO-120,
which assesses conscientiousness through 32 items. Using
the IPIP-NEO-300 would double the conscientiousness state-
ments the participant answers to, providing a more thorough
personality assessment through traditional means.

These methodological limitations can only be addressed
with a sufficient number of participants willing to complete
the entire experiment.

8.4 Personality Assessment Limitations
The biggest limitation is the current inability to reliably as-
sess personality, even with current state-of-the-art traditional
assessments. The IPIP-NEO-120, IPIP-NEO-300, and the
well-known NEO-PI-R assessments are modern descriptions
of what researchers currently define as personality.
Currently, only theories of personality exist. Given the cur-
rent definition of personality, it is theoretically impossible to
know someone’s personality concretely, as researchers are still
defining what personality is. Therefore, despite traditional as-
sessment types providing a solid foundation for understanding
and assessing personality, the inherent nature of personality
cannot be fully known. The entire experiment, comparing
its results to state-of-the-art personality assessments, is in-
herently flawed because it compares against something not
entirely reliable. Nevertheless, these represent our most re-
liable personality assessment tools and provide a good basis
for understanding whether open-ended question analysis and
minigames are comparable to current assessment standards.

9. Further Research
Personality assessment would benefit from continued explo-
ration of this topic, though with more rigorous and realis-
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tic expectations for specific minigames and open-ended ques-
tions. Instead, further research is suggested to focus on either
minigames or open-ended questions, but not simultaneously.

Concerning minigames, it is encouraged for there to be
further theoretical connection between specific game mechan-
ics and personality facets. The minigames were designed based
on existing experiments that were then translated into a game
format. Examining more experiments that correlate with per-
sonality assessments and understanding how they differ as
minigames could be a fruitful area of research. Nevertheless,
this still requires exploratory research, which is likely to reveal
many non-correlations as well.

Since minigames and open-ended question analysis are
not currently sufficient to replace traditional assessment types,
testing a hybrid approach between traditional and gamified
elements would be interesting. Utilising the reliable and quick
nature of surveys while introducing gamified characteristics
has potential.

Regarding specific limitations, the methodology could be
improved with a larger sample size and more rigorous testing
for minigames, open-ended questions, and traditional assess-
ment types. This would allow for more comprehensive data
collection and more reliable personality assessments for com-
parison.

10. Conclusion

This study investigated whether gamified methods, specifically
minigames and LLM-analysed open-ended responses, have
the potential to serve as an alternative to traditional survey
methods for assessing personality. The motivation was to
develop a more enjoyable and gamified measurement tool
to reduce self-reporting bias in personality assessment while
maintaining the reliability of traditional assessments. It was
found that the experiment designed in this study is not reliable
enough to replace traditional survey assessments. However,
there is potential.

The results show that gamified approaches, as constructed
in this study, are not as reliable and refined as current traditional
personality assessments and are not yet ready to replace them.

The minigames showed few correlations, indicating how
behaviours correlate to personality in terms of conscientious-
ness and its facets. Importantly, the minigames did not fully
and reliably measure their intended facets of conscientiousness,
although they did indicate conscientiousness as a trait over-
all. This suggests that measuring conscientiousness through
minigames has potential but requires significant refinement,
additional testing, and further research.

The LLM analysis of open-ended answers also did not
provide fully reliable assessment of conscientiousness. A few
correlations were found, but like the minigames, the intended
facet for each open-ended question had very few correlations.
These limited correlations show promise that assessing per-
sonality through the analysis of open-ended answers is possi-
ble. However, it requires more testing with improved LLM
prompting.

Furthermore, the study revealed certain personality-related
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behaviours through minigames and open questions that are
otherwise not previously known. For example, hovering above
certain buttons or the time taken to click to the next minigame
showed signs of personality correlation. Similarly, certain
behaviours, such as the total time to complete a minigame,
showed no correlation to personality at all. By understanding
which behaviours do and don’t correlate, we have a more com-
prehensive list of actions that actively contribute to personality
or not.

The same applied to open-ended questions, which revealed
unexpected characteristics, such as simpler writing styles cor-
relating to conscientiousness. These unconscious behaviours
suggest that behaviour is not always a conscious decision but
also an unconscious reaction.

This study demonstrates that correlations exist between
minigames, open-ended answers, and personality. The fact
that correlations were found suggests potential in this gamified
assessment style. It provides a good starting point for future
research, as there are indications that personality assessment us-
ing minigames and open-ended questions is feasible, although
not in its current form.
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Appendix 1. OSF and External Documents

All other documents and information can be found in the OSF
page, found in this url: https://osf.io/u6jxk. In this page, the
pre-registration can be found, as well as the documents such
as the codebook, data analysis, LLM prompts, code, and the
raw data.

Appendix 2. Standards
Appendix 2.1 Ethical Standards

The research meets all ethical guidelines, including adherence
to the legal requirements of the study country. This study was
reviewed by the Ethics Committee and approved. This means
that the way data was collected from participants, how it was
used and handled was reviewed and managed accordingly.

Appendix 2.2  Pre-registration

This research underwent pre-registration to transparently out-
line its purpose, including the construction and design of the
experiment, the hypotheses, and the intended raw data to be
collected, all of which were defined before actual data col-
lection. The pre-registration was conducted through OSF,
and the link to this research pre-registration can be found
https://osf.io/rqz4y.

The pre-registration documented the plans for the study
before data collection. However, changes were later made
to the experiment, research questions, hypotheses, and data
analysis. The following section explains the reasoning behind
these changes. In general, these adjustments were due to time
constraints and refinements in the study’s structure.

Research question and hypothesis changes The main re-
search question was revised from: “Would a combination of
minigames and open-ended questions be more valid and at-
tractive than the IPIP-NEO-120 to assess conscientiousness?”
to “Would a combination of minigames and open-ended ques-
tions be valid and attractive than the IPIP-NEO-120 to assess
conscientiousness?”. This change was made for clarity and to
better focus on the alternative assessment type.

LLM changes The intended LLM for analysing the open-
ended responses was originally OLMo. However, due to
changes in their privacy policy regarding the retention of user
inputs, the model was switched to Claude.ai, which allows for
the removal of user inputs.

Demographic additions The demographic information col-
lected was also updated. In addition to the mentioned initially
demographics (age and English proficiency, asked during con-
sent), participants were also asked whether they were complet-
ing the experiment on a computer or a smart device, and about
their computer skills. This was intended to enable further re-
search on participant demographics, though it ultimately was
not conducted.
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Data analysis changes The planned data analysis was re-
duced. Initially, scatter plots were intended to visualise pat-
terns, but after discussion with the supervisor, it was concluded
that the Shapiro-Wilk test and Z-Scores for outliers would be
sufficient.

Additionally, an HLM (hierarchical linear model) analysis
was planned initially to examine potential correlations between
the timing of participant actions and outcomes. For example,
a hypothesis involved analysing how many times participants
clicked at the beginning versus the end of the minigame to
assess conscientiousness. The HLM allowed analysis in 10%
intervals rather than only the beginning or end. This specific
analysis was not conducted due to time constraints.

Furthermore, the analysis done on the participant evalua-
tion with paired sample t-tests was also not mentioned in the
pre-registration, as this had been overlooked initially. There-
fore, this analysis was conducted after the data collection.
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