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Abstract This paper explores the application of Self-Concepts, a Semantic-Differential Scale-based methodology,
to evaluate a Serious Game designed for cognitive impairment assessment using the MoCA test and augmented
reality (AR) for mobility analysis. A case study involved seven elderly participants. Despite some challenges in
navigating the AR environment and cognitive tests, self-concept evaluations consistently demonstrated high user
expectations and positive experiences with the digital artifact. This study validates the process and highlights the
potential of Self-Concepts in assessing product acceptance within user groups.
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1 Introduction

The digital games market has witnessed exponential growth,
establishing itself as the most lucrative entertainment indus-
try worldwide. In 2023, the global market value of digital
games was estimated at approximately $220 billion, with
projections suggesting this figure will reach $500 billion by
2027 [Statista, 2023]. This growth reflects not only the in-
creasing popularity of games but also their diversification
across applications and audiences. As illustrated in Figure 1,
the decade-long revenue forecast highlights the continuous
expansion of different market segments, underscoring the in-
dustry’s broad appeal and sustained evolution.
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Figure 1. Revenue forecast by segment in the Gaming market between 2017
and 2027 (Source: Statista, 2023).
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Within this dynamic context, Serious Games have
emerged as a significant subsegment, distinguished by their
ability to integrate engaging gameplay with practical objec-
tives such as education, training, and healthcare interven-
tions. These games are increasingly recognized for their

potential to enhance cognitive, emotional, and motor func-
tions, particularly in older adults and individuals undergoing
rehabilitation [Lin et al., 2023]. Moreover, Serious Games
presents cost-effective solutions in healthcare, improving ad-
herence to diagnostic protocols and treatments while reduc-
ing associated costs [Carvalho et al., 2024; Funabashi ef al.,
2018; Amaral et al., 2019].

The evaluation of user experience (UX) is crucial in un-
derstanding how Serious Games are perceived and adopted
by their target audiences. Methodologies such as seman-
tic differential scales and self-concept analysis provide ro-
bust mechanisms for measuring emotional and cognitive re-
sponses, offering valuable insights for developing and refin-
ing digital artifacts [Borges et al., 2019].

This study explores the application of Self-Concepts as
a methodology for evaluating a Serious Game designed for
early cognitive impairment diagnosis and mobility assess-
ment using augmented reality. By leveraging this approach,
the study aims to validate the effectiveness of Self-Concepts
in user experience evaluation and identify key factors that in-
fluence the acceptance and success of Serious Games within
the healthcare domain.

2 Theoretical context

2.1 Serious Games

Serious Games are a distinct genre of digital games that tran-
scend entertainment by integrating gamified learning pro-
cesses and interactive environments aimed at addressing real-
world challenges. These games are increasingly used in var-
ious sectors, including healthcare, education, and organiza-
tional training, to foster engagement and knowledge transfer
Gazis and Katsiri [2023]. Within the healthcare domain, Se-
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Table 1. Bipolar scale examples.

Unhappy Happy
Annoyed Pleased
Unsatisfied | Satisfied
Melancholic | Contented
Despairing Hopeful
Bored Relaxed
Relaxed Stimulated
Calm Excited

rious Games have demonstrated their potential to improve
patient motivation and adherence to various interventions,
combining engaging gameplay with practical therapeutic or
diagnostic objectives [Lin ef al., 2023].

The appeal of Serious Games lies in their ability to evoke
strong emotional and cognitive responses, fostering a unique
interplay between learning, behavior modification, and en-
gagement. Recent studies emphasize their role in improving
cognitive and motor skills in older adults, as well as enhanc-
ing adherence to rehabilitation programs, underscoring their
transformative potential in modern healthcare systems [Lin
etal., 2023].

2.2 User Experience

User Experience (UX) design plays a pivotal role in analyz-
ing and enhancing user interactions with digital artifacts, par-
ticularly in the realm of Serious Games. UX encompasses a
wide range of dimensions, including usability, aesthetics, en-
gagement, and emotional impact, which collectively shape
the overall player experience. As Serious Games grows
in narrative complexity, gameplay diversity, and applica-
bility, evaluating UX through psychological and emotional
lenses—such as immersion, flow, and enjoyment—has be-
come increasingly critical [Borges et al., 2019][Michailidis
etal., 2018].

Research in Human-Computer Interaction (HCI) and de-
sign underscores the importance of UX in addressing users’
motivations, expectations, and interactions with products
and services. Beyond usability, UX integrates hedonistic and
affective aspects, aligning with Maslow’s hierarchy of needs
to address not only physiological but also psychological and
self-actualization needs [Neves, 2021]. This holistic ap-
proach is particularly significant in gaming, where decision-
making influenced by emotional aspects is a primary driver
of enjoyment [Nacke, 2015].

2.2.1 Methods for Evaluating UX

UX evaluation methods for Serious Games often leverage
structured tools such as semantic differential scales, ques-
tionnaires, and other HCI-driven approaches to capture user
perceptions effectively. These methods assess critical dimen-
sions, including cognitive and emotional responses, which
directly influence user engagement and satisfaction. For ex-
ample, semantic differential scales utilize bipolar adjective
pairs, such as “’boring—engaging” or “simple—complex”, to
quantify emotional and cognitive dimensions of gameplay
experiences [Bernhaupt ef al., 2008]. Examples of com-
monly used bipolar scales are shown in Table 1.
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Questionnaire-based methods offer a quick way to ob-
tain quantitative analyses of players’ feelings and attitudes.
While these tools may lack the depth of interviews or the ob-
jectivity of physiological metrics, they become increasingly
reliable with larger participant numbers [Nacke, 2015]. Com-
plementary techniques, such as behavioral observations and
heuristic evaluations, provide richer insights into user inter-
actions.

2.2.2 Applications in Serious Games

In Serious Games, UX evaluation extends to psychological,
physical, and emotional dimensions, making it possible to
assess the holistic impact of gameplay. Methods like se-
mantic differential scales and self-assessment questionnaires
have proven effective in measuring pleasure, arousal, and
mastery—core aspects of human judgment across perceptual
and symbolic stimuli [Borges et al., 2019]. Moreover, tech-
nological applications, including facial expression analysis,
gesture recognition, and neurophysiological monitoring, of-
fer promising avenues to correlating gameplay experiences
with emotional responses [Lin et al., 2023].

By focusing on the nuances of user interactions, these eval-
uation methods enable developers to refine Serious Games
iteratively. In healthcare and education, this refinement en-
sures that games not only meet functional objectives but also
foster meaningful and engaging experiences that align with
user expectations and broader goals.

2.3 Semantic Differential Scale

The Semantic Differential Scale (SDS), originally developed
by Osgood in 1952, remains a versatile and effective tool for
evaluating user perceptions across diverse domains. SDS em-
ploys bipolar adjective pairs, such as “unsatisfied—satisfied”
or ”confident—insecure,” to measure individuals’ reactions
to stimuli, providing a nuanced understanding of their emo-
tional and cognitive responses [Stoklasa ef al., 2019] [Garcia,
2023]. Initially conceived for psychological research, SDS
has since been adapted for various fields, including market-
ing, education, and digital interaction design Osgood [1952].

In the context of Serious Games, SDS is particularly valu-
able for evaluating critical design elements such as game-
play, narrative coherence, and aesthetic quality. It has been
shown to outperform traditional Likert scales in specific con-
texts by capturing complex constructs like ambivalence and
emotional engagement more effectively [Bernhaupt et al.,
2008][Borges et al., 2019]. For instance, SDS can quantify
user experiences through scales like “happy—sad,” “relaxed—
stimulated,” or ”simple—complex,” enabling a balanced view
of both positive and negative perceptions. Recent studies
demonstrate that the SDS is effective in evaluating design ele-
ments in serious games, such as gameplay, narrative, and aes-
thetic quality. For example, Nakamura et al. (2021) [Naka-
mura et al., 2021] developed pairs of adjectives to assess au-
diovisual effects in video games, highlighting the utility of
the SDS in quantifying user impressions.
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2.3.1 Key Dimensions and Methodological Considera-
tions

SDS measures perceptions by assigning values on a numer-
ical scale with contrasting adjectives at each end. Typical
coding includes neutral (0), slightly negative or positive (-1
and 1), moderately negative or positive (-2 and 2), and ex-
tremely negative or positive (-3 and 3). Through factor anal-
ysis, three principal dimensions—evaluation (E), power (P),
and activity (A)—have been identified, providing a robust
framework for interpreting semantic space [Stoklasa et al.,
2019]. For example, ”calm—excited” may represent the ac-
tivity dimension, while “attractive—unappealing” might cor-
respond to evaluation. An example of the scale applied in
SDS is illustrated in 2.
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Figure 2. Example of semantic differential scaling (Adapted from Ploder
and Eder [2015]).

While SDS is conceptually straightforward, its application
requires careful attention to cultural and linguistic contexts.
Studies highlight the importance of selecting relevant bipolar
adjectives and ensuring their clarity to avoid ambiguity. Ad-
ditionally, issues like midpoint neutrality, where responses
are interpreted as neutral but may reflect ambivalence or in-
difference, must be addressed [Van Harreveld et al., 2015].
To mitigate such biases, alternating the placement of posi-
tive and negative terms on the scale has been suggested [Fri-
borg et al., 2006]. Kim and Jung (2023) [Kim and Jung,
2023a] developed a semantic differential scale to analyze hu-
man attitudes toward artificial intelligence agents, emphasiz-
ing the necessity of considering cultural and linguistic con-
texts when constructing bipolar adjective scales.

2.3.2 Applications in Serious Games and Healthcare

SDS has demonstrated substantial utility in healthcare-
related Serious Games, where emotional and cognitive en-
gagement are critical metrics. For instance, it has been used
to evaluate virtual reality games designed for cognitive and
motor rehabilitation, revealing actionable insights for itera-
tive design improvements [Lin ef al., 2023]. By analyzing
emotional responses to game elements, researchers can iden-
tify areas for refinement, such as adjusting gameplay diffi-
culty or enhancing the visual appeal to align with user expec-
tations.

Furthermore, SDS offers advantages over other evaluation
methods by capturing the connotative meaning of concepts,
thereby elucidating the nuances of user experiences. Recent
applications include measuring engagement and usability in
augmented reality environments, where user feedback is piv-
otal for improving interaction design [Garcia, 2023]. Lin et
al. (2023)[Lin et al., 2023] utilized the SDS to evaluate vir-
tual reality games designed for cognitive and motor rehabil-
itation, providing actionable insights for iterative design im-
provements.
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2.3.3 Challenges and Limitations

Despite its strengths, SDS is not without limitations. Cul-
tural variations in interpreting bipolar adjectives and individ-
ual tendencies, such as acquiescence (the propensity to agree
with items regardless of content), can influence results. Ad-
ditionally, participants with stronger negative biases may dis-
proportionately impact overall findings, skewing ambivalent
situations more negatively [Friborg et al., 2006] [ Van Harrev-
eld et al., 2015].

To address these challenges, researchers are advised to
pilot-test scales in the target population to ensure relevance
and clarity. Combining SDS with complementary methods,
such as behavioral observations or physiological measure-
ments, can also provide a more comprehensive understand-
ing of user responses.

2.4 Self-Concepts

Self-concept is a multifaceted construct encompassing an
individual’s perceptions, beliefs, and feelings about them-
selves, significantly influencing behaviors, attitudes, and
reactions. It is commonly defined as the totality of self-
referential thoughts and feelings, reflecting one’s understand-
ing of personal attributes and identity [McMullen, 2020].

This construct is typically measured across various do-
mains, capturing how individuals perceive their abilities and
characteristics in specific contexts [Trautwein and Moller,
2016]. Self-concept comprises two essential components:
self-image, which pertains to one’s perception of personal
attributes, and self-esteem, relating to the evaluative aspect
of self-perception [Garcia-Martinez et al., 2022]. These el-
ements are shaped through experiences and environmental
interactions, forming a dynamic self-structure.

Self-concept manifests in various forms, including:

* Actual Self: How individuals currently perceive them-
selves.

+ Ideal Self: How individuals aspire to be perceived.

+ Social Self: How individuals believe they are perceived
by others.

« Situational Self: How individuals perceive themselves
in specific contexts.

These dimensions highlight the complexity of self-concept
and its role in personal identity.

Self-Congruence Theory posits that consumer behavior
is influenced by the alignment between a consumer’s self-
concept and the perceived image of a product or brand. High
congruence between the ideal self-concept ("how I would
feel or be perceived using the product”) and the actual self-
concept ("how I truly feel about the product”) correlates with
increased preference or adoption of that product [Aini and
Ferdinand, 2021]. This alignment affects attitudes toward
brands and purchasing decisions.

To quantify self-concept congruence, researchers often
employ semantic differential scales to assess personal and
product-related perceptions. The degree of congruence is
calculated using metrics such as Euclidean distance between
these perceptions, providing insights into consumer prefer-
ences [Hosany and Martin, 2012]. This methodology facili-
tates the evaluation of artifacts, assessment of modifications
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or innovations, prediction of market performance, and posi-
tioning of products within specific contexts. Aguiar (2011)
[Aguiar ef al., 2011] examines the application of self-report
scales, such as Likert and Semantic Differential Scales, for
capturing user perceptions of engagement, satisfaction, and
usability in games. It validates these methodologies as ef-
fective tools for evaluating subjective experiences. In your
study, Aguiar’s findings reinforce the reliability of using
Semantic Differential Scales to analyze ideal and real self-
concepts, providing a robust methodological framework for
subjective user assessments.

Self-concept analysis is applicable across various stages
of the design process, including problem exploration and so-
lution evaluation. It serves as a valuable tool for comparing
artifacts, understanding user perceptions, and guiding design
decisions to enhance user engagement and satisfaction.

3 Applying Evaluation Metrics in Se-
rious Games

Digital games are sophisticated artifacts that combine com-
putational architecture with multimedia elements to de-
liver immersive, emotional, and creative experiences. As
[Suryapranata et al., 2017] argues, games, like any other
type of software, require robust evaluation metrics to assess
their quality. However, traditional software quality metrics
are insufficient for games due to their distinctive features,
such as visual and audio design, usability, gameplay, con-
tent, and the element of fun. Consequently, the development
of specialized methods for evaluating the quality of digital
games, particularly Serious Games, has become a critical
area of research. Fellows et al. (2022) [Fellows et al., 2022]
explore evaluation methods emphasizing social interaction
and cultural-historical contexts in serious games. The re-
view discusses approaches that assess not only educational
effectiveness but also user motivation and engagement. This
study aligns with your methodology by highlighting the im-
portance of evaluating both emotional and educational im-
pacts, particularly in serious games that integrate health and
learning objectives.

3.0.1 Quality Metrics for Serious Learning Games

Suryapranata et al. (2017) [Suryapranata et al., 2017] pro-
pose a quality evaluation method tailored to Serious Games,
utilizing Likert scale questionnaires. These tools allow play-
ers to express their opinions on game quality by evaluat-
ing both learning aspects (attention, relevance, confidence,
and satisfaction) and technical quality factors. The proposed
metrics integrate perspectives from both the player (balance,
usability, and learning effectiveness) and the software (per-
formance, completeness, compatibility, maintainability, re-
source capacity, and portability). This dual-focus approach
ensures a comprehensive game quality assessment, encom-
passing user experience and technical performance.
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3.0.2 Evaluation Characteristics and Methodologies

A broader analysis of Serious Games evaluation is pre-
sented by Fokides et al. [2019], who identify eighteen crit-
ical characteristics, including game design, aesthetics, user
satisfaction, performance, engagement, motivation, educa-
tional effectiveness, social impact, and entertainment. Their
study highlights the dual purpose of Serious Games, com-
bining leisure and educational objectives, with user experi-
ence shaped by both pedagogical strategies and gameplay
mechanics. Fokides et al.Fokides et al. [2019] also propose
an evaluation method incorporating exploratory and confir-
matory stages, using Likert scales to examine factor relation-
ships and consistency levels. Despite challenges in obtaining
reliable data on player engagement duration, their research
contributes a validated evaluation scale that could inform
the development of semantic differential scales for analyz-
ing Serious Games. Dutra et al. (2021) [Dutra et al., 2021]
provides a comprehensive review of Human-Computer In-
teraction (HCI) evaluation methods in educational serious
games, highlighting widely used tools such as self-report
questionnaires, heuristic evaluations, and behavioral obser-
vation. This study identifies their strengths and limitations in
assessing usability and user experience, it also supports the
use of the Semantic Differential Scale (SDS) as a robust tool
for capturing user expectations and experiences. By align-
ing with established HCI practices in serious games, your
methodology gains further validation.

3.0.3 Gameplay and Educational Effectiveness in 2D
and 3D Serious Games

Kim and Jung (2023)[Kim and Jung, 2023b] examined game-
play and educational content in 2D and 3D Serious Games
used in educational contexts. Using Likert scale question-
naires, they correlated common student characteristics (e.g.,
gender, technological proficiency, prior gaming experience,
and domain knowledge) with factors influencing gameplay
and learning outcomes. Their findings suggest that 2D Se-
rious Games are more effective in enhancing learning out-
comes than their 3D counterparts, irrespective of student de-
mographics. This observation underscores the need to align
game design with pedagogical objectives to maximize edu-
cational impact.

3.0.4 Emotional Indicators in Serious Games

Emotions play a pivotal role in shaping the user experience
in Serious Games. According to [Anolli et al., 2010], emo-
tional indicators are instrumental in assessing the balance be-
tween learning and fun. These indicators help monitor how
emotions moderate learning outcomes and identify potential
design flaws before a game’s release. Such metrics are partic-
ularly valuable for ensuring that Serious Games effectively
integrates educational goals with engaging gameplay.
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4 Proposal of Self-Concepts for Seri-
ous Games — Case Study

This case study investigates the digital artifact BrainTest, a
mobile application initially developed for the Android plat-
form. BrainTest is designed for health applications, with a
primary focus on the early detection of cognitive decline as-
sociated with neurodegenerative diseases. The artifact inte-
grates gamified functionalities to deliver a series of cognitive
assessments derived from the widely used Montreal Cogni-
tive Assessment (MoCA). MoCA is a validated screening
tool for detecting cognitive impairment, evaluating cognitive
domains such as memory, attention, language, visuospatial
skills, and executive functions. By incorporating these as-
sessments into a gamified framework, BrainTest aims to en-
hance user engagement and compliance.

In addition, BrainTest employs Augmented Reality (AR)
technology to assess motor functions related to mobility and
spatial awareness. This is achieved through interactive fea-
tures, such as virtual markers (pinpoints), which encourage
users to perform specific movements and interact with their
physical environment, as depicted in Figure 3.

! SR g N =
Figure 3. Augmented Reality feature using virtual markups (pinpoints) to

identify points for the user move towards to them. (Source: The Authors).

4.1 Web platform for Self-Concepts

To better understand users’ perceptions of BrainTest, two
web-based forms were developed to capture self-concepts re-
lated to the user experience. These forms are integrated into
a platform designed to facilitate the registration and evalua-
tion of artifacts. The platform also identifies key factors that
contribute to the Semantic Differential Scale (SDS) used in
self-concept questionnaires. Figure 4) illustrates an example
of the semantic differential scale employed in the study.
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Figure 4. Semantic-Differential Scale with Sentiments’ List (Source: The
Authors).
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The platform supports the analysis of both ideal and real
self-concepts, enabling the quantification of congruence be-
tween these constructs. By doing so, it provides actionable
insights into user satisfaction and potential areas for artifact
improvement.

4.2 Participant Demographics

The study engaged a group of seven participants aged 61
to 78, all of whom held higher education degrees. Partici-
pants were encouraged to engage in social and cultural ac-
tivities within an academic environment. Ethical considera-
tions were observed throughout the study; no sensitive data,
such as names, social security numbers, or addresses, were
collected. Only scores from the cognitive activities were
recorded, ensuring privacy and compliance with ethical re-
search guideline

4.3 Testing Experience and User Feedback

To document responses from the ideal and real eval-
uation questionnaires regarding the Augmented Re-
ality (AR) application for cognitive assessment, par-
ticipants accessed the dedicated web platform at
https://selfconceptsdesign.000webhostapp.com/,
using the access keys eval for the evaluation module
and land for the product registration and questionnaire
configuration module.

The testing experience provided valuable insights from the
target audience, highlighting their engagement and adaptabil-
ity. Despite anticipated challenges, users demonstrated en-
thusiasm and skill in navigating the application. The primary
usability issues identified included accessibility challenges
and confusion related to the AR feature. Specific feedback
pointed to the small size of image buttons and the complex-
ity of interacting with AR components. These observations
were crucial in identifying areas for improvement, aiding in
the refinement of the overall user experience.

4.4 Step-by-Step Application of the Test

1. Introduction and Consent: Participants were informed
about the purpose of the study, and their informed con-
sent was obtained prior to participation.

2. Initial Questionnaire (Ideal Self-Concept): Participants
completed a questionnaire designed to capture their
Ideal self-concepts concerning the use of the arti-
fact. The Semantic Differential Scale (SDS) was em-
ployed with pairs of adjectives representing opposing
attributes.

3. Interaction with BrainTest:

* Participants engaged with the BrainTest applica-
tion, completing cognitive tests and AR-based
tasks.

* Scores and performance metrics were recorded,
ensuring no personal or sensitive information was
collected.

4. Post-Interaction Questionnaire (Real Self-Concept):
Following the interaction, participants completed a sec-
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ond questionnaire to capture their Real self-concepts,
again using the Semantic Differential Scale.

5. Data Collection and Storage: All collected data were
anonymized and securely stored to ensure confidential-
ity and integrity.

4.5 Analysis of Self-Concepts

To assess the degree of user interest and adoption of the
artifact, a series of bipolar adjective pairs (e.g., Insecure—
Confident, Happy—Sad, Unsatisfied—Satisfied) was used.
These pairs were analyzed through Ideal and Real self-
concept questionnaires, providing a quantitative measure of
user perceptions. The results, as presented in Figures 5 and
6, reveal insightful trends regarding user expectations and
actual experiences.

The analysis showed that the Real perception (mean score:
3.58) exceeded the Ideal perception (mean score: 2.97). This
suggests that participants’ actual experiences with the artifact
were generally more positive than their initial expectations.
Individual results varied, with some evaluators displaying
significantly higher Real perceptions than others. This vari-
ability indicates that personal factors, such as familiarity with
technology or previous exposure to similar applications, may
influence user engagement and satisfaction.

4.6 Validation of Results

This study assessed the applicability of the Self-Concepts
methodology for evaluating user experience in a serious
game designed for cognitive assessment. The participant
group consisted of seven individuals aged between 61 and 78
years, predominantly female, all with higher education levels.
This homogeneity ensured a consistent baseline in cognitive
abilities and familiarity with digital interfaces, facilitating a
focused evaluation of the game’s design and usability.

The total performance score, derived as a cumulative mea-
sure of individual task scores, revealed distinct patterns in
user performance. Participants consistently excelled in nam-
ing tasks, achieving the maximum score, and demonstrated
strong performance in attention-related tasks, particularly
those involving numbers. Conversely, tasks related to mem-
ory recall and ordering exhibited lower scores, indicating po-
tential usability issues or task complexity. These findings
suggest the need for targeted refinements in these areas to
improve accessibility and engagement for future iterations.

Preliminary correlation analysis suggested meaningful re-
lationships between specific task scores and overall perfor-
mance. Attention-related tasks showed a likely positive cor-
relation with total scores, highlighting attention as a foun-
dational cognitive function that impacts performance across
various domains. Conversely, tasks with low scores, such
as memory recall and ordering, appeared less correlated
with overall cognitive ability, pointing to task-specific de-
sign challenges rather than broader cognitive deficits. While
the limited sample size restricts generalization, exploring
gender-related trends in performance could yield further in-
sights into task-specific engagement and usability dispari-
ties.
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The analysis supported two key hypotheses. First, higher
attention scores are expected to correlate with higher total
scores, as attention plays a critical role in cognitive task per-
formance. Second, memory-related scores likely contribute
significantly to variability in total scores, given that memory
tasks are often challenging for older populations. These hy-
potheses provide a foundation for future statistical validation
using regression analysis or other hypothesis testing meth-
ods.

Although specific metrics for the augmented reality (AR)
feature were not isolated, qualitative feedback highlighted its
impact on user experience. Participants reported difficulties
navigating the AR environment, particularly in interpreting
visual markers and completing spatial tasks. Despite these
usability challenges, participants’ real self-concept scores ex-
ceeded their ideal self-concept scores, indicating that the ar-
tifact successfully engaged users and met their overall expec-
tations.

Future studies should build on these findings by expand-
ing the participant sample to enhance generalizability and
addressing usability issues in memory recall and ordering
tasks through iterative design improvements. Isolating met-
rics for AR-based tasks will also clarify their contribution to
user engagement and task performance. Additionally, test-
ing hypotheses regarding the relationship between specific
task scores and overall performance will further validate the
methodology’s applicability.

The findings of this study demonstrate that the Self-
Concepts methodology is a valuable tool for evaluating se-
rious games, particularly in healthcare contexts. By address-
ing identified challenges and refining the approach in future
iterations, this methodology has the potential to significantly
improve the design and adoption of serious games for diverse
healthcare applications.

4.6.1 Potential Applicability of the Approach

Although the dataset is limited, the methodology demon-
strates significant potential for broader application:

* Scalability for Larger Studies: The use of Semantic Dif-
ferential Scales and the analysis of Ideal vs. Real self-
concepts provide a scalable framework for evaluating
digital artifacts. Future studies with larger participant
groups could refine the findings and validate the robust-
ness of the approach.

* Design Optimization: The insights gained from self-
concept analysis can guide iterative design processes.
For instance, understanding discrepancies between
Ideal and Real perceptions enables developers to prior-
itize enhancements that align with user expectations.

* Generalization Across Domains: While this study fo-
cused on a cognitive assessment application, the ap-
proach can be applied to a variety of digital artifacts,
including educational tools, serious games, and health
applications. The methodology’s adaptability ensures
its relevance across diverse user contexts.

* Integration with Advanced Analytics: Combining self-
concept data with behavioral analytics, such as task
completion rates and time spent on activities, could pro-
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Analysis By Artifacts

— Self-Concepts Values

Brain Test

Figure 5. Performance analysis by artifact (Source: The authors).

Analysis By Evaluators

— Self-Concepts Values

Figure 6. Performance analysis by evaluators (Source: The authors).

vide a more comprehensive understanding of user en-
gagement. This integrated approach would enhance the
predictive power of the methodology for user adoption.

4.6.2 Limitations and Future Directions

The primary limitation of this study is the small sample size,
which may affect the generalizability of the results. Addition-
ally, while the self-concept questionnaires provided valuable
insights, integrating complementary methods, such as inter-
views or usability testing, could enrich the data and provide
a deeper understanding of user experiences. Future research
should focus on:

+ Expanding the sample size to include a more diverse
demographic.

» Exploring longitudinal studies to assess how user per-
ceptions evolve over time.

* Investigating the impact of specific features, such as
AR, on user engagement and satisfaction.

4.7 Data Transparency and Reproducibility

To ensure transparency and facilitate future research, the col-
lected data has been made available through the following
link: http://dx.doi.org/10.13140/RG.2.2.17988.95360. Re-
searchers interested in accessing additional data for further
analysis are encouraged to contact the authors directly. The
repository (csv file available online) includes:

+ Raw Data: Scores from cognitive tests, logs of AR fea-
ture usage, and Semantic Differential Scale responses.

* Questionnaires: Copies of the Ideal and Real self-
concept questionnaires used in the study.

This approach promotes collaborative research while main-
taining ethical data-sharing practices.

4.8 Ethical Considerations

This study adhered to rigorous ethical standards to ensure
the protection and welfare of all participants. Participants
were fully informed about the study’s purpose, procedures,
and their role in the research. Informed consent was obtained
from each participant before their involvement. To safeguard
participants’ privacy, no sensitive personal data were col-
lected; only anonymized data related to activity scores were
recorded. Participation was entirely voluntary, and partici-
pants were assured of their right to withdraw from the study
at any time without repercussions. All collected data were se-
curely stored and accessible only to the research team, ensur-
ing compliance with data protection protocols. The authors
acknowledge the importance of submitting research involv-
ing human participants to an ethics committee for review.
Such oversight ensures that ethical guidelines are met, and
participants’ rights are protected. In anticipation of future
research phases involving larger participant groups, the fol-
lowing actions are planned:

+ Ethics Committee Submission: The research protocol
will be submitted to an ethics committee for formal re-
view. This submission will include a comprehensive
description of the study, detailed procedures, and the
measures taken to protect participant welfare.

* Protocol Adjustments: Based on feedback and recom-
mendations from the ethics committee, the research pro-
tocol will be revised as necessary to ensure full compli-
ance with ethical standards.

+ Adherence to Ethical Standards: All future phases of
the research will strictly adhere to the highest ethical
standards, with an emphasis on protecting participants’
privacy and rights at every stage of the study.

By implementing these measures, the research team reaf-
firms its commitment to maintaining the integrity of the re-
search process and upholding ethical principles that safe-
guard participant welfare. These steps are essential for en-
suring transparency, accountability, and the validity of the
research outcomes.
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5 Conclusion

The gaming industry has experienced substantial diversifi-
cation and growth in recent years, with serious games gain-
ing prominence due to their wide-ranging applications across
various domains. Within this industry, the development of
tools and methodologies to evaluate user expectations and
adoption potential among diverse user groups is critical. The
Self-Concepts methodology, utilizing the Semantic Differ-
ential Scale, emerges as a valuable tool for User Experi-
ence (UX) design. This approach effectively measures users’
ideal expectations before engaging with a game and their
real perceptions after interacting with it, offering insights
into user satisfaction and alignment with their initial expec-
tations.

This study demonstrates the potential of the Self-Concepts
methodology as a robust framework for evaluating user ex-
perience in serious games, particularly within healthcare con-
texts. The methodology, which employs Semantic Differen-
tial Scales to capture both ideal and real self-concepts, pro-
vides valuable insights into user expectations and their align-
ment with actual experiences. The findings highlight its ef-
ficacy in identifying strengths and areas for improvement in
game design, ensuring that serious games can better meet the
needs of target audiences.

Through an experimental case study involving elderly par-
ticipants, this research validated the use of a serious game
designed for cognitive assessment using the Montreal Cog-
nitive Assessment (MoCA) framework. Despite the chal-
lenges observed in tasks related to memory recall and aug-
mented reality (AR) features, the overall user experience was
positive, with participants’ real self-concept scores exceed-
ing their ideal expectations. These results underscore the
game’s capacity to engage users and support its applicabil-
ity in healthcare-focused serious games.

The study also revealed important performance trends.
Tasks related to naming and attention showed consistently
high scores, while memory and ordering tasks highlighted
usability challenges. These findings indicate the need for it-
erative improvements in task design to enhance accessibil-
ity and engagement, particularly for older populations with
varying levels of digital proficiency. Furthermore, the iden-
tification of potential correlations between attention scores
and overall performance highlights key areas for further ex-
ploration in future studies.

The implications of this research extend beyond the vali-
dation of the artifact. The Self-Concepts methodology offers
a scalable approach for assessing user satisfaction and adop-
tion across diverse serious games. Future research should fo-
cus on expanding participant demographics to ensure broader
generalizability, refining tasks to address usability issues,
and isolating metrics specific to AR features to understand
their role in user engagement better. Additionally, statis-
tical validation of hypothesized relationships between task-
specific scores and total performance will strengthen the
methodology’s applicability.

In conclusion, the Self-Concepts methodology has the po-
tential to significantly advance the design and evaluation of
serious games in healthcare. By bridging the gap between
user expectations and real-world performance, it provides
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actionable insights for improving user engagement and sat-
isfaction. These contributions position the methodology as
a valuable tool for fostering innovation and effectiveness in
serious games, particularly for applications that require user-
centered designs in healthcare and beyond.
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