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Abstract: Background: Mixed Reality (MR) technologies present unique usability and user experience (UX) chal-
lenges, particularly in gesture-based interaction and spatial perception. Puzzle games in MR environments rely heav-
ily on intuitive control and immersive feedback to maintain user engagement. Purpose: This study aims to evaluate
the usability and UX of the Cubism puzzle game in an MR context, comparing different standardized instruments
to capture user perceptions and identify specific interaction issues. Methods: The evaluation was conducted during
a usability and UX workshop, where participants used Meta Quest 2 and Meta Quest 3 headsets. Participants were
divided into two groups: Group A completed the UUXE-ToH v4 questionnaire, while Group B answered the USE,
Slater-Usoh-Steed (SUS), and UEQ questionnaires. In addition to quantitative assessments, participants reported
issues, which were classified and analyzed thematically. Results: Cubism was positively evaluated in terms of
learnability, memorability, and satisfaction. However, notable challenges were identified in object manipulation,
gesture accuracy, and error recovery. Immersion and presence scores were comparatively lower, particularly in
SUS, suggesting limited perceptual integration of virtual objects into the real environment. Interaction precision
and environmental coherence were also affected by hardware limitations, especially on devices with monochrome
passthrough. Conclusion: The findings highlight specific usability and UX limitations in MR puzzle games and
illustrate how different instruments (applied to distinct groupings of participants) captured complementary aspects
of the experience. Although no direct statistical comparison was performed, indirect analysis suggests varying di-
agnostic contributions across instruments. These findings suggest that multidimensional evaluation frameworks
(either through a single comprehensive instrument or a combination of focused tools) can provide richer insights

for guiding design improvements and identifying usability and UX issues in MR applications.
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1 Introduction

Puzzle games have long been a popular form of entertain-
ment, challenging players with problem-solving and strate-
gic thinking. Advances in technology have transformed them
into digital experiences, incorporating interactivity and im-
mersion. Mixed Reality (MR) puzzle games further enhance
engagement by leveraging spatial computing and hand track-
ing, seamlessly blending virtual and physical environments.
Cubism [Bouwel, 2024] is an example of an MR puzzle game
that allows users to manipulate geometric virtual blocks to
build tridimensional shapes through direct hand interactions.
Evaluating usability and user experience (UX) in MR
puzzle games is essential to understand player interactions
and identify challenges that affect engagement and perfor-
mance. Effective usability enables intuitive interaction, re-
ducing cognitive load and frustration, while positive UX en-
hances motivation and immersion. In addition, puzzle games
promote cognitive engagement and learning [Ritterfeld ez al.,
2009]. User feedback is vital to improve software quality and
identify missing features [Pagano and Bruegge, 2013]. Re-
search in this field advances interaction techniques, player
satisfaction, and best practices in immersive game design.
Assessing usability and UX in MR games requires ana-
lyzing key dimensions that shape player experience, includ-

ing usability factors such as effectiveness, efficiency, and
learnability [Nielsen, 1993]. Playability is also crucial, cov-
ering functional aspects (e.g., precision, control responsive-
ness) and experiential factors (e.g., immersion, enjoyment)
[Desurvire and Wiberg, 2009]. In MR environments, immer-
sion and presence are fundamental to how users perceive and
interact with virtual objects, directly impacting engagement
and realism [Slater, 2009]. Comfort and cybersickness must
also be addressed, as motion discomfort can hinder usability
and negatively affect UX [LaViola, 2000]. Evaluating these
dimensions improves game design, improving accessibility,
inclusion, and player retention [Johnson ef al., 2016].

Several studies investigate methods for evaluating us-
ability and UX in serious games and MR environments
[Swan and Gabbard, 2005; Diinser et al., 2008; Diinser and
Billinghurst, 2011; Bai and Blackwell, 2012; Yanez-Goémez
etal.,2017; Borges et al., 2020; Veriscimo et al., 2020; Cam-
posetal.,2023,2025a; Frata Furlan Peres et al., 2024]. Com-
mon evaluation methods include user testing, expert inspec-
tion, and user feedback [Ivory and Hearst, 2001; Roto ef al.,
2009]. The choice of method depends on study objectives
and available resources, with many studies combining ap-
proaches for a more comprehensive analysis [Pranoto et al.,
2017; Rhiu et al., 2020; Zhang et al., 2020].

This study uses questionnaires to collect user feedback,
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capturing subjective perceptions of the experience of the
player. Questionnaires are widely used in UX evaluations,
employing Likert scales, semantic differentials, and open re-
sponses [Hartson and Pyla, 2012]. However, responses can
be influenced by emotional factors, recency bias, and novelty
effects, while some users may struggle with specific termi-
nology [Sharples et al., 2008; Merino et al., 2020]. Despite
these limitations, standardized questionnaires allow study
comparisons, improving reliability and validity.

Various questionnaires assess usability and UX in inter-
active systems, covering general aspects and specific dimen-
sions relevant to MR. The Usefulness, Satisfaction, and Ease
of Use (USE) questionnaire [Lund, 2001] evaluates usabil-
ity based on perceived usefulness, satisfaction, and ease
of use. Presence and immersion are commonly measured
with the Slater-Usoh-Steed (SUS) Inventory [Slater et al.,
1994], while the broader aspects of UX are captured through
the User Experience Questionnaire (UEQ) [Laugwitz et al.,
2008]. For hand interaction in MR, the Usability and User
Experience in Touchable Holography (UUXE-ToH) ques-
tionnaire [Campos et al., 2024a; Prado De Campos et al.,
2024; Campos et al., 2025b] provides a comprehensive eval-
uation, including effectiveness, efficiency, learnability, com-
fort, immersion, and presence.

Considering this scenario, a study was performed to eval-
uate the usability and UX of the Cubism game using differ-
ent questionnaires to identify interaction issues, areas for im-
provement, and to compare the effectiveness of various eval-
uation methods. Cubism was selected not only because it
is one of the most popular and highest-rated puzzle games
on the Meta Quest Store, compatible with the devices avail-
able in our research lab, but also due to its support for
hand tracking and touch-based gestures without physical con-
trollers. These interaction techniques remain relatively novel
for many users and present unique usability and UX chal-
lenges in MR environments, such as gesture recognition ac-
curacy, hand occlusion, and interaction feedback. As such,
Cubism provides a representative case for assessing user ex-
periences in mid-air gesture-based interaction scenarios.

This study builds upon previous work by the authors that
evaluated Cubism using an earlier version of the UUXE-ToH
questionnaire [Campos ef al., 2024b], and now extends the
investigation by integrating multiple validated instruments to
achieve a more complete and multidimensional understand-
ing of usability and UX in MR puzzle games. The study was
conducted during a workshop on usability and UX evaluation
at the Brazilian Symposium on Human Factors in Computing
Systems (IHC 2024). The participants played Cubism using
Meta Quest 2 and Meta Quest 3 headsets. After the expe-
rience, the participants assessed the game using the UUXE-
ToH, USE, SUS, and UEQ questionnaires.

The results identified areas for improvement in Cubism,
such as the need to enhance object textures to improve per-
ception of presence. Furthermore, the findings provided in-
formation on how different questionnaire structures impact
usability and UX assessments, contributing to future research
on Human-Computer Interaction (HCI) evaluation methods
for MR games.

The remainder of this paper is structured as follows. Sec-
tion 2 reviews related work on usability and UX evalua-
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tion. Section 3 outlines the study planning, including de-
sign, procedures, instrumentation, and data analysis. Section
4 presents the results for each questionnaire, UUXE-ToH,
USE, SUS, and UEQ. Section 5 discusses the findings, while
Section 6 examines the limitations of the study. Finally, Sec-
tion 7 provides conclusions and future research directions.

2 Related Work

Evaluating usability and UX in interactive systems involves
various well-established instruments, each designed to assess
different aspects of user interaction. Borges et al. [2020]
present a comprehensive analysis of 58 instruments used to
evaluate Player Experience (PX) in digital games, highlight-
ing the diversity of components assessed, the predominance
of scales and questionnaires, and the challenges related to
terminological inconsistencies and cultural adaptation of in-
struments. Their study also introduces an interactive catalog
to support researchers and practitioners in selecting appropri-
ate tools according to the evaluation context. This theoretical
contribution provides a relevant foundation for the present
work, which applies and compares different validated instru-
ments in an MR game scenario, helping to address the gap
identified by Borges et al. [2020] regarding the empirical and
comparative use of PX evaluation tools in specific interaction
contexts.

In this study, four primary questionnaires are used: the
Usability and User Experience in Touchable Holography
(UUXE-ToH) questionnaire [Campos et al., 2024a; Prado
De Campos et al., 2024], the Usefulness, Satisfaction and
Ease of Use (USE) questionnaire [Lund, 2001], the Slater-
Usoh-Steed (SUS) presence questionnaire [Slater et al.,
1994], and the User Experience Questionnaire (UEQ) [Laug-
witz et al., 2008]. These instruments were selected because
of their applicability to MR environments and their ability to
measure relevant usability and UX dimensions.

The UUXE-ToH questionnaire was designed to assess
usability and UX in MR applications where users interact
with holograms using their hands. It covers multiple dimen-
sions, including effectiveness, efficiency, learnability, com-
fort, memorability, immersion, presence, pleasure, interest,
and absorption (flow). In its current version (v4), UUXE-
ToH consists of 56 items using a 7-point Likert scale and se-
mantic differential. The first part evaluates specific aspects
of the solution, while the second assesses the overall expe-
rience through a semantic differential scale and four open
questions for spontaneous feedback.

The USE questionnaire, originally developed to assess the
usability of software, hardware, and services, consists of 30
items in four dimensions: Usefulness, Ease of Use, Ease
of Learning, and Satisfaction. Although traditionally used
in conventional usability testing, its adaptability allows as-
sessment of practical usability aspects in MR applications.
Fast-Berglund et al. (2018) suggested that incorporating ad-
ditional dimensions, such as aesthetics and enjoyment, could
enhance its applicability to entertainment-based experiences.

The SUS presence questionnaire is widely used to mea-
sure the user’s sense of presence in virtual environments us-
ing 6 items of Likert scale. The presence is a fundamental
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factor in MR applications that influences user engagement
and quality of interaction. The questionnaire evaluates how
strongly users feel immersed in the virtual environment, cap-
turing their perception of seamless integration between vir-
tual and physical elements. Studies highlight its significance
in MR gaming and training applications, where presence is
essential to deliver realistic and engaging experiences.

The UEQ assesses user experience using a semantic dif-
ferential scale, presenting 26 items as pairs of opposite ad-
jectives (e.g., “complicated” vs. “easy”). It covers six di-
mensions: Attractiveness, Perspicuity, Efficiency, Depend-
ability, Stimulation, and Novelty. This questionnaire pro-
vides a balanced assessment of both pragmatic and hedonic
UX aspects, making it particularly useful in MR applications
where engagement, enjoyment, and perceived usability play
key roles.

A previous study [Campos et al., 2024b] evaluated the
same Cubism game using an earlier version of the UUXE-
ToH questionnaire (v2) with seven participants. That work
focused exclusively on a single instrument and empha-
sized playability-related aspects in a more controlled setting.
While it identified relevant usability and UX issues, its scope
was limited by sample size and questionnaire version. The
present study goes beyond that work by incorporating the up-
dated UUXE-ToH v4 [Campos ef al., 2025b] and three addi-
tional instruments (USE, SUS, and UEQ), enabling a broader,
multi-dimensional assessment. It also explores how different
evaluation tools converge or diverge in capturing key con-
structs such as immersion, presence, and satisfaction, in a
more socially varied context, a public workshop with multi-
ple headset models.

Lee et al. [2023] evaluated the usability and UX of a vir-
tual reality (VR) puzzle game using the System Usability
Scale (SUS) and the UEQ. The study examined UX aspects
such as usability and hedonic qualities, providing informa-
tion on the overall perception of the user. The findings iden-
tified areas for improvement, particularly in the intuitiveness
of the user interface.

Although Lee et al. [2023]’s study provides valuable in-
sights, it differs from the present research in key aspects.
First, our study employs a broader set of evaluation instru-
ments, incorporating the UUXE-ToH, USE, SUS and UEQ
for a more comprehensive assessment. Second, while Lee et
al. focused on usability and general UX aspects, our research
also evaluates immersion and presence, critical factors in MR
applications but not addressed in their study. By integrating
these additional dimensions, our research provides a more
in-depth understanding of user interaction and engagement
in the puzzle game.

3 User Study

This section describes the study design, participant character-
istics, the evaluation instruments used in the study, and data
analysis.

Campos et al. 2025

3.1 Study Design and Procedures

The study happened during a workshop on usability and UX
evaluation in augmented and virtual reality (AR/VR) appli-
cations at the Brazilian Symposium on Human Factors in
Computing Systems (IHC 2024). The study followed ethical
guidelines and was approved by the Research Ethics Commit-
tee of the Federal University of Parana (UFPR), registered
in Plataforma Brasil by Certificate of Presentation for Eth-
ical Consideration (CAAE) number 77369524.6.0000.0102
(approval n° 7.111.664, issued on September 30, 2024).

The study involved 14 participants, who were invited to try
to evaluate the Cubism puzzle game (Figure 1) using Meta
Quest 2 and Meta Quest 3 headsets. The study was conducted
as follows. Participants were informed about the study ob-
jectives, risks, and benefits and were invited to participate
voluntarily. Those who agreed signed an Informed Consent
Form (ICF) and completed a characterization form.

Each participant played Cubism for 10 minutes, interact-
ing with the game using hand tracking in an MR environment.
This duration was considered sufficient based on information
provided by the game’s developer, indicating that the first
five puzzles take an average of 1.3 minutes each to complete.
Thus, within the allocated time, most participants could com-
plete at least the first three puzzles, allowing them to ex-
perience the game’s mechanics and interactions. Since the
puzzles progressively increase in complexity, solving two to
three challenges was enough for participants to engage with
the core mechanics and perform all the primary movements
required in the game.

After playing, the participants evaluated the game using
the proposed questionnaires. The participants were ran-
domly divided into two groups: A and B. This division aimed
to prevent participant fatigue by avoiding the burden of an-
swering all available questionnaires in the study. Addition-
ally, the distribution ensured that each participant responded
to a reasonably balanced number of items, resulting in a
similar overall completion time between groups. Further-
more, the questionnaires assigned to Group B were selected
to cover complementary dimensions, as there was minimal
overlap between them.

Group A: They used the UUXE-ToH questionnaire in its
current version (v4)!. Because the study took place as an
activity during a workshop, to shorten the time required for
completion, only Part 1 (with 56 items) of the questionnaire
was used, omitting the section containing open-ended ques-
tions.

Group B: They used a combination of three question-
naires: USE, Slater-Usoh-Steed (SUS), and UEQ?. This com-
bination was chosen due to their established validity and ex-
tensive use in usability and UX research. The USE question-
naire evaluates usability through structured constructs, the
SUS questionnaire measures presence and immersion, and
the UEQ captures a wider range of UX attributes. Together,
these tools encompass a total of 62 items in multiple dimen-
sions, allowing for a comparative analysis with the UUXE-
ToH v4.

The participants completed their respective evaluation

'UUXE-ToH v4: https://doi.org/10.6084/m9 figshare.28143752
2USE+SUS+UEQ: https://doi.org/10.6084/m9.figshare.28437455
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Figure 1. Scenes taken from a promotional trailer demonstrating the game Cubism [Bouwel, 2024].

questionnaires on paper and, after, they conducted an
inspection-based evaluation of the game, using the question-
naire items as a guide to identify and report issues. Because
each participant completed only one set of questionnaires, no
one responded to all questionnaires. Thus, the comparisons
between the instruments throughout the study are based on
indirect analysis of aggregated responses and inspection out-
comes, not on statistical tests within the subject.

3.2 Data Processing and Analysis

The collected data were organized into two distinct datasets:
(i) Dataset A, containing responses to the UUXE-ToH ques-
tionnaire; and (ii) Dataset B, containing responses to the
USE, SUS, and UEQ questionnaires. Additionally, partici-
pants reported gameplay issues in a spreadsheet, which was
consolidated into a single list, with problems classified as
unique (reported by only one participant) or duplicated (re-
ported by multiple participants). These issues were later
grouped by topic to support qualitative analysis and identify
areas for improvement.

Given the independent nature of Groups A and B, compris-
ing different participants without pairing, the data do not al-
low for direct correlation analysis between instruments. Cor-
relations require measurements from the same observational
units, which is not the case here. Moreover, the small sample
size (n= "7 per group) limits the statistical power of inferential
tests. To address these constraints, a multifaceted analytical
strategy was adopted, emphasizing: (1) detailed descriptive
statistics (e.g., medians, modes, interquartile ranges) for each
item and dimension; (2) graphical visualizations, including
comparative bar charts and heatmaps of responses; and (3)
indirect comparisons of grouped constructs (e.g., Satisfac-
tion, Usability), based on central tendency measures. This
approach enables a rigorous exploration of patterns without
overextending the data’s inferential capacity.

All data processing was conducted in the R environment.
The datasets were checked for structure and integrity, ensur-
ing all variables were correctly represented as ordinal val-
ues. Descriptive statistics (mean, median, standard devia-
tion, and interquartile range) were calculated for each item.
For the UEQ), items with inverted polarity were appropriately
adjusted, and the official spreadsheet provided by the instru-
ment developers was used to support construct-level aggre-
gation and comparison.

Initially, the datasets were loaded into the R environment.

The structure and integrity of the data were verified to ensure
that all variables were correctly represented as ordinal values.
The descriptive statistics for each variable (item) were then
calculated, including the mean, median, standard deviation,
and interquartile range, providing an overall understanding
of the response distributions. The inverted pairs in the UEQ
questionnaire also had their scores inverted for calculation
purposes.

Finally, heatmaps of participant responses were generated
for each evaluation instrument to support visual inspection of
patterns. These were accompanied by summary tables of me-
dian scores per construct. Together, the statistical and visual
analyses provided complementary understandings into par-
ticipant evaluations and system performance across instru-
ments.

3.3 Participants

Fourteen people participated in the study, five men and nine
women; three were between 18 and 20 years old, nine be-
tween 21 and 30, and two between 41 and 50 years old.
Regarding education, one doctorate, one doctoral student,
one master’s student, and 11 undergraduates participated.
The participants indicated that they could give opinions on
Usability (13 of them), UX (12), Virtual Reality (4), and
AR/MR (4). Of this group, the majority had experience in
planning or conducting Usability and UX evaluation pro-
cesses in the classroom (11 people) and/or in the industry
and market (4 people). Of these, 11 participants have already
planned or conducted up to 4 evaluations, two between 5 and
15 and one, more than 15 evaluation processes.

Regarding knowledge of AR/VR/MR concepts, one par-
ticipant identified himself as a novice, with the workshop be-
ing their first exposure to the topic; seven considered them-
selves at a basic level, having partial knowledge of the terms;
two at an intermediate level, understanding the terms and
their applications; and four at an advanced level, stating that
these technologies are part of their daily activities. Regard-
ing the use of AR/VR/MR applications with headsets, three
participants had never used them, nine used them rarely, one
monthly, and one weekly.
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4 Results

Quantitative results are presented in the heat map of individ-
ual responses and in the median distribution of the evaluated
constructs.

4.1 UUXE-ToH Results

The evaluation of the Cubism game using the UUXE-ToH
v4 questionnaire indicated a predominantly positive experi-
ence, with high medians in most constructs (Figure 2). Learn-
ability, Memorability, Usefulness, Interest, Absorption, Sat-
isfaction, Pleasure & Fun, and Emotions reached the max
median of 7, reflecting that participants considered the game
easy to learn, enjoyable, interesting, engaging, and pleasur-
able. In addition, others dimensions reached high median
(6): Effectiveness, Comfort, Controllability and Operability,
Immersion, Value, Creativity & Novelty, and Beautiful &
Aesthetic.

However, some aspects showed a lower rating: Error
Prevention and Recovery (median 4.5), Trustworthiness (5),
Presence (5) and Efficiency (5.5). It suggests challenges
in the perception of integration of virtual elements into the
real environment and in the accuracy of interaction through
hands.

The heatmap (Figure 3) allows one to see the items that
received the lower ratings and the dimensions with more dif-
ferent opinions between participants. For example, the item
S45 (“The holograms appeared to be a natural part of the
real world, as if they were truly present around me”) had a
mode of 2 and a median of 3. It indicates that the participants
did not feel that the objects were part of the physical environ-
ment, maybe due to the monochromatic passthrough of Meta
Quest 2 and the lack of realistic textures on the blocks.

In Efficiency, item S5 (“This holographic solution in-
creases my productivity in performing this type of activity”)
received some of the lowest ratings, which is expected since
Cubism is a game, not a productivity tool. Similarly, in Er-
ror Prevention and Recovery, item S18 (In the cases where
I made errors while using it, the holographic solution helped
me resolve them”) received lower scores, suggesting the
game lacks explicit error recovery or user assistance mech-
anisms.

In Immersion (median 6), the lowest scores were recorded
in items S22, S23 and S25. In item S22, which assesses
whether the holograms appeared to obey the laws of physics,
participants indicated that the objects did not react as if they
were real, which may have impacted the feeling of realism.
Item S23, which deals with the accurate perception of objects
amidst multiple elements in the field of view, also received
lower ratings, suggesting that participants did not feel that
the system facilitated interaction by highlighting the objects
of interest. In addition, item S25, related to the accuracy of
interaction and the occurrence of ”passing through” the holo-
grams, had reduced scores, indicating that the detection of
gestures may not have been good enough to avoid this effect,
which may compromise the feeling of control and realism in
the experience.
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4.2 USE, SUS and UEQ Results

Data analysis using the USE questionnaire revealed an over-
all positive perception, with high medians for Satisfaction
(7), Ease of Learning (7), Ease of Use (6), and Usefulness
(6) (Figure 4). Similarly, the evaluation through the UEQ
indicated a largely positive reception, with high medians in
most constructs: Attractiveness and Perspicuity (7), Depend-
ability (6.5), Efficiency and Stimulation (6), and Novelty (5).
However, the SUS questionnaire, which represents the di-
mension of Immersion and Presence, obtained the lowest me-
dian (3).

A notable aspect of the data was the presence of the option
“not applicable” in several items of the Usefulness dimension,
especially in item Use7 (It meets my needs”), marked by
three participants (Figure 5). This led to missing data for
these observations, indicating that some users did not see the
game as meeting a specific need. This pattern suggests that
the perception of usefulness varied, with some considering it
meaningful and others viewing it as purely recreational.

The Use6 item (“It saves me time when I use it”) in Useful-
ness (USE) showed the greatest imbalance, with a mode of 1
and a median of 3.5. In Ease of Use (USE), items EoU6 (“It
saves me time when I use it”’) and EoU8 (“I don’t notice any
inconsistencies as I use it”) also had divergent scores, with
modes of 1 and 3 and medians of 4 and 3, respectively. In
Satisfaction (USE), Sat6 (“I feel I need to have it”’) showed
the greatest divergence, with both mode and median at 4.

For Immersion and Presence (SUS), the common mode
was | for most items, except SUS3 (“The game pieces
seemed more like images I saw or real objects in the environ-
ment”) and SUS4, which had modes of 3 and 4, respectively.
The common median ranged from 2 to 3, except for SUSI,
with a median of 5, and SUSS5 (“I remember the game pieces
as if they were real objects, similar to others I interacted with
today”), with a median of 4.

The Attractiveness construct (UEQ), which evaluates a
pleasant and satisfying experience, received highly positive
responses, with a median of 7 for all items except one (Un-
pleasant - Pleasant), which had a mode of 6 and a single rat-
ing of 3 (Figure 6). Similarly, Stimulation (UEQ), which
measures engagement and motivation, had medians of 6
and 7 across all items, reinforcing that the game maintained
participants’ interest. Dependability (UEQ), assessing pre-
dictability and reliability, showed medians between 5 and 7,
indicating that most participants felt the game responded sta-
bly to interactions. However, the Unpredictable - Predictable
pair was rated 1 by one participant and 4 by two others.

Regarding Perspicuity (UEQ), which evaluates ease of
learning, had positive results with medians between 6 and
7, although one participant rated the Complicated - Easy pair
as 2 and two participants rated the Dificult / Easy to Learn
pair as 3. Efficiency (UEQ) had a median of 6 and 7 for
three items, while one item (Slow-Fast pair) had a median
and mode of 4, indicating that some users found interac-
tions slower than expected, possibly due to gesture recogni-
tion limitations. Novelty (UEQ), which assesses innovation
and creativity, had the most varied responses. Two items
achieved the highest medians (6 and 7), while two others had
medians of 5 and 4. This suggests that while the game pro-
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Figure 2. Medians for UUXE-ToH v4 dimensions
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Figure 3. Heatmap for UUXE-ToH responses
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Figure 4. Bar chart for medians of USE, SUS and UEQ dimensions
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Figure 5. Heatmap for responses on USE and SUS questionnaires
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vided a well-rated experience, it was not perceived as par-
ticularly innovative compared to other augmented reality or
puzzle games.

The analysis performed using the UEQ Data Analysis
Tool reinforces the findings of the previous evaluation, but
presents a more structured quantitative view with means and
variances of the constructs (Figure 7 a). Overall, the re-
sults indicate that the experience with Cubism was predom-
inantly positive, with Attractiveness presenting the highest
mean value (2.50) and Novelty the lowest (1.21) - in a scale
from -3 to +3, which suggests that the game was considered
enjoyable, but not necessarily innovative. The greatest vari-
ability was presented in the Perspicuity construct.

The results for pragmatic and hedonic quality provide a
broader view of the UX (Figure 7 b). Pragmatic quality
(1.87), which includes Perspicuity, Efficiency, and Depend-
ability, was rated more positively than hedonic quality (1.64),
which includes Stimulation and Novelty. This suggests that
participants perceived the game as well-structured and func-
tional, but lacking in innovative or significantly differentiat-
ing elements in terms of experience. Attractiveness (2.50),
which represents the user’s judgment regarding the product
as a whole, was positive, presenting the highest average and
lowest variability among the constructs.

4.3 Issues Lists

A total of 43 issues were identified in the game (Table 1).
When associated with the dimensions assessed by the ques-
tionnaires, such as the UUXE-ToH, most issues were related
to controllability and operability (15), immersion (10), error
prevention and recovery (6), and effectiveness (5).

Some of these issues stem from the headset’s capabilities
rather than the game’s functionality. For instance, issue 37
highlights a complete separation between virtual objects and
the real world when using Meta Quest 2, due to its low-
resolution, black-and-white passthrough view, which empha-
sizes virtual content rather than blending it with reality. Simi-
larly, issue 30 reports distortions in the real-world image near
the hand, a known challenge in video-see-through devices,
particularly in hand-tracking applications. These limitations
are inherent to the hardware and operating system and be-
yond the game developer’s control. However, recognizing
them helps define the boundaries of the game’s experience
and expectations for mixed reality improvements.

The remaining issues are related to the game itself and can
be addressed by developers. For example, issue 3 highlights
the difficulty in noticing the menu button, which uses a stan-
dard hamburger icon but has a translucent background and is
smaller than other interface elements, making it less visible.
A possible solution is to expand the button and improve its
contrast. Issue 23, where users struggled to find the correct
block placement, could be mitigated by adding subtle cues,
such as a glow when a piece is correctly positioned.

Beyond reporting the issues, participants were instructed
to indicate which questionnaire items led them to identify
each problem during the inspection. This process revealed
important differences in the way each instrument supported
issue detection.

Campos et al. 2025

In Group A, which used the 56-item UUXE-ToH (cover-
ing 19 dimensions), participants identified 31 issues, 19 of
which were explicitly linked to 17 different questionnaire
items. Although 12 issues lacked specific item references,
the overall breadth of detection suggests that UUXE-ToH
supported a wide range of observations.

In Group B, which used the USE, SUS and UEQ ques-
tionnaires, the USE questionnaire was the most effective in
supporting inspection-based issue identification (13 distinct
issues were related to 19 of its 30 items). SUS was referenced
for three issues, two of which also overlapped with USE, and
UEQ was referenced for three issues too, two of which also
overlapped with USE.

Interestingly, no issues were related to dimensions such as
Comfort, Memorability, Usefulness, Value, Creativity and
Novelty, Satisfaction, or Emotions dimensions of UUXE-
ToH. This finding aligns with the issue detection via UEQ,
which also targets hedonic and emotional aspects, but had
no issues related to items of Attractiveness, Dependability,
Stimulation or Novelty dimensions. Possibly, the short time
for trying the game and inspecting for issues limited reflec-
tions about affective and long-term issues.

This information provides initial evidence on how the
structure and dimensional focus of each questionnaire can
affect its contribution to usability and UX diagnosis. In the
next section, a deeper discussion of these differences and
their implications follows.

5 Discussion

This section is divided into three parts. Section 5.1 compares
the results of the questionnaires. Section 5.2 discusses how
the reported issues impact usability and UX dimensions. Sec-
tion 5.3 classifies these issues by implementation feasibility
and scope to support prioritization.

5.1 Comparing Results

Comparing usability and UX questionnaire results is chal-
lenging, even when the constructs share the same name,
as the definitions, scope, and evaluated facets often differ.
Some questionnaires provide detailed constructs, while oth-
ers take a more general approach, making direct comparisons
difficult. Despite this, analyzing construct medians can offer
insights into participants’ perceptions of the game. However,
differences in definitions, scope, and measurement methods
require careful interpretation of similarities and discrepan-
cies.

It is important to note that the comparison between instru-
ments in this section is based on responses from different
groups of participants. Since each group completed a dif-
ferent set of questionnaires, results are not directly compara-
ble at the statistical level. The analysis presented here aims
to explore qualitative patterns and differences in instrument
sensitivity and diagnostic coverage.

Effectiveness, Efficiency and Ease of Use: In UUXE-
ToH v4, the Effectiveness construct had a median of 6, in-
dicating that users achieved their objectives satisfactorily.
This aligns with the median of 6 for Usefulness in the USE
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Figure 7. a) Constructs means; b) Means of pragmatic and hedonics dimensions

Id | Description Topic
1 | Difficulty in selecting due to distance Learnability
2 | Lack of initial instructions on game objectives Learnability
3 | The access button was difficult to perceive Beauty and Aesthetics
4 | The solution seems unaware of misaligned pieces Trustworthiness
5 | The game accepted misaligned pieces Trustworthiness
6 | Objects flew too close to the user Comfort
7 | Found the pieces too small Controllability
8 | Sometimes the game moved everything instead of a single piece Controllability
9 | Delay in game response when trying to pick up objects Controllability
10 | Difficult to use the rotation axis of pieces Controllability
11 | Difficulty in understanding depth Controllability
12 | Difficulty in understanding holographic hands Controllability
13 | Difficulty in changing perspective view Controllability
14 | Difficulty in picking up pieces behind the mold Controllability
15 | Difficulty in executing the pick-and-release motion Controllability
16 | Difficulty in selecting the correct object when overlapping Controllability
17 | Difficulty in interacting with pieces in the corner Controllability
18 | Unpredictability of the return location of a thrown object Controllability
19 | Game did not allow rotation on all axes Controllability
20 | Pieces go too far away Controllability
21 | Perception of having to use only one hand Controllability
22 | Difficulty in perceiving the piece’s dimension Effectiveness
23 | Difficulty in finding the correct fit Effectiveness
24 | Failures when interacting with both hands Effectiveness
25 | Failures in some attempts to rotate the object Effectiveness
26 | Failures in some selection attempts Effectiveness
27 | The real environment caused distractions Immersion
28 | Lack of noticeable feedback when selecting pieces correctly Immersion
29 | Lack of realism Immersion
30 | Distorted real-world image near the left hand Immersion
31 | Game did not focus only on pieces within the field of view Immersion
32 | Objects respond only to specific gestures Immersion
33 | Pieces did not seem to have weight Immersion
34 | Perceived overlap and breaking of physical outlines Immersion
35 | Touches did not correspond to object dimensions Immersion
36 | Passing through objects Immersion
37 | Total separation between objects and the real world (Quest 2) Presence
38 | The holographic solution led me to movement errors Error Handling
39 | The solution does not help to correct errors Error Handling
40 | Accidental triggering of commands Error Handling
41 | Confusion when picking up objects Error Handling
42 | Lack of instructions to resume the game after accessing the system menu | Error Handling
43 | Game did not indicate when the user made a mistake Error Handling

Table 1. List of issues identified on Cubism
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questionnaire, which also assesses perceived effectiveness.
However, the Efficiency construct in UUXE-ToH v4 had
a slightly lower median of 5.5, suggesting that while tasks
were completed, users perceived them as less efficient. This
perception is reinforced by item S5 (“This holographic solu-
tion increases my productivity”’), which had a median of 4,
indicating that there was no significant perceived productiv-
ity gain. In UEQ), the Efficiency construct also had a median
of 6, similar to UUXE-ToH v4. Meanwhile, in USE, Ease
of Use had a median of 6, suggesting the solution was gener-
ally considered easy to use. However, item EoU6 (“Using it
is effortless”) had a lower median of 4, revealing that some
users still found it somewhat demanding.

Learnability and Memorability: The constructs Learn-
ability and Ease of Learning had a median of 7 in both UUXE-
ToH v4 and USE, indicating that users found the solution in-
tuitive and easy to learn. This is reinforced by the high Per-
spicuity score (UEQ, median 7), which measures clarity and
ease of learning. Furthermore, Memorability in UUXE-ToH
v4 also had a median of 7, suggesting that users felt that they
would remember how to use the solution even after a long
period without interaction.

Immersion and Presence:Among the evaluated dimen-
sions, the most significant discrepancy across instruments
was observed in constructs related to Immersion and Pres-
ence. While UUXE-ToH v4 recorded a median of 6 for Im-
mersion and 5 for Presence, the SUS questionnaire, which
specifically evaluates these aspects, had an overall median
of only 3.

In UUXE-ToH, for Immersion, the worst rates values were
in sentences S23 (“The holographic solution accurately per-
ceived and highlighted the specific object that I was look-
ing at, facilitating my interaction even when several objects
were in my field of vision”, median 4 and mode 2), and S25
(“My interaction with the holograms was accurate, without
my hand or other body parts passing through the contact sur-
face of the objects”, median 5 and mode 3). These values
were decisive for the Immersion median not to exceed 6, even
with another 8 of 11 items presenting medians of 6 or 7. For
Presence in UUXE-ToH, the sentence S45 (“The holograms
appeared to be a natural part of the real world, as if they were
truly present around me”, median 3 and mode 2) presented
the worst evaluation, and the other sentences of the aspect
had medians between 5 and 6, bringing the final evaluation
of this aspect to 5.

In the SUS, 4 of the 6 items had a median of 2 or 3, and the
other two items had a median of 4 and 5, contributing to an
overall median of 3. The most positive evaluation in the SUS
was item SUS1 (“T had the feeling that the game pieces were
part of the environment around me”, median 5). Despite a
median 5 in this item, the ratings showed extreme opinions
among users, with higher frequencies for ratings 1 and 7. On
the other hand, SUS2 (“There were moments during the expe-
rience when the game pieces seemed completely real to me”)
and SUS4 (“During the experience I had a stronger feeling
that the pieces were a real part of the environment”) items
presented a median of 2 and a mode of 1. These items deal
with the perception that the virtual elements are so integrated
into the real world, as if they really existed there.

Note that these SUS items evaluations resemble the evalu-
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ations of item S45 of UUXE-ToH. The presence dimension
in SUS is greatly influenced by the perception of the element
being in reality, covering at least half of its evaluation items.
UUXE-ToH addresses other factors in the presence dimen-
sion, such as the similarity of the interaction with the virtual
objects in relation to their real counterparts, the coherent be-
havior of the virtual objects in response to the user’s actions.
It also addresses the perception that the sound emitted by the
solution is also integrated with the environment. Therefore,
it is not limited to visual elements. This difference in the as-
sessment of the Presence dimension justifies the difference in
general scores for Presence between these two instruments.

These values differences can be attributed to the distinct
theoretical foundations and methodological scopes of the two
instruments. While both aim to assess the user’s sense of “be-
ing there,” UUXE-ToH conceptualizes Immersion and Pres-
ence as separate constructs: Immersion pertains to techni-
cal and interactional aspects of the system (such as track-
ing stability, latency, and feedback) while Presence refers to
the user’s perceptual and psychological sense of realism and
spatial integration. In contrast, SUS focuses exclusively on
Presence, adopting a holistic and memory-based perspective
grounded in VR research, where the evaluation is centered
on the intensity and authenticity of the experience as remem-
bered by the user.

Moreover, UUXE-ToH follows a diagnostic and system-
oriented structure, providing subscales that capture specific
technical characteristics and their contribution to the user ex-
perience. This design allows users to recognize and reward
aspects like interaction accuracy and system responsiveness,
even in the absence of a fully convincing illusion of reality.
SUS, on the other hand, consolidates Presence into a single
subjective judgment, which may be more sensitive to factors
such as limited session time, minimal physical movement,
or hardware constraints like passthrough quality and hand-
tracking inconsistencies.

In this context, the higher Immersion scores observed in
UUXE-ToH may reflect participants’ positive evaluations
of system performance and interaction design, whereas the
lower SUS Presence scores capture a less compelling illu-
sion of realism and spatial blending. These findings highlight
the importance of selecting evaluation tools aligned with the
specific goals and constraints of MR experiences, especially
when distinguishing between technical immersion and psy-
chological presence.

Satisfaction and Emotional Experience: Satisfaction
showed high results in different questionnaires, with a me-
dian of 7 in both UUXE-ToH v4 and USE. Similarly, the
Attractiveness construct in UEQ, which measures a related
perception, also had a median of 7. However, item Sat6 in
USE (“I feel I need to have it”) had a lower median of 4, in-
dicating that despite high satisfaction, users did not perceive
the solution as essential. The Pleasure and Fun construct in
UUXE-ToH v4 also had a median of 7, suggesting that par-
ticipants found the experience enjoyable.

Stimulation and Engagement: UUXE-ToH and UEQ as-
sess factors related to user motivation and engagement with
the product. In this context, the Stimulation construct in
the UEQ, which measures how engaging and motivating the
product is, had a median of 6. In UUXE-ToH v4, the Interest
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and Absorption (Flow and Engagement) constructs also had
medians of 7, indicating a positive alignment in evaluating
these aspects.

Trustworthiness and Control: The perception of the
trustworthiness of the solution varied between question-
naires. In UUXE-ToH v4, Trustworthiness had a median of
5, while Dependability in UEQ was slightly higher at 6.5.
This difference may stem from item S32 in UUXE-ToH v4
(“I trust that the solution correctly performs the actions I de-
termine”), which had a median of 5 but a minimum of 2, in-
dicating variations in user confidence. In USE, Ease of Use
included trust-related items, such as EoU8 (“I don’t notice
any inconsistencies as I use it”"), which had a low median of
3. This suggests that perceived inconsistencies in the inter-
face or system behavior may have impacted user trust.

In Conclusion: Differences in construct formulation and
item evaluation reinforce the challenges of comparing me-
dian values across questionnaires. However, some general
trends emerge:

1) The game was perceived as effective and useful, with
high medians for Effectiveness and Usefulness, though per-
ceived efficiency and productivity were slightly lower. 2)
Learning and memorability received positive ratings, sug-
gesting the solution is intuitive and easy to remember. 3)
Perceptions of immersion and presence varied significantly,
with UUXE-ToH v4 assigning higher medians than SUS,
which had notably lower scores. 4) Users reported high sat-
isfaction and enjoyment, but trust in the system and absence
of inconsistencies were not consistently well-rated.

These findings highlight the impact of questionnaire
choice on evaluation results and emphasize the need to con-
sider construct definitions and scope when interpreting data.
These also underscore the limitations of applying instru-
ments originally developed for VR, such as the SUS, in MR
settings. The unidimensional nature of SUS may fail to cap-
ture nuances relevant to spatial and perceptual coherence be-
tween real and virtual content. In contrast, UUXE-ToH’s sep-
aration of Immersion and Presence, grounded in MR-specific
interaction factors, yielded more consistent and diagnostic re-
sults. This reinforces the importance of context-appropriate
instrument design or adaptation.

5.2 Usability and UX Issues by Dimension:
Impact and Implications

The identified issues in Cubism reflect distinct weaknesses
across several usability and UX dimensions. Rather than re-
iterating each issue, this section focuses on how the reported
problems affect user perception, task performance, and over-
all experience, highlighting the dimensions most impacted
and the importance of addressing these aspects to improve
interaction quality in MR environments.

Controllability and Operability was the dimension most
affected, with issues reported by nearly all participants. Dif-
ficulties in selecting, rotating, and positioning blocks directly
compromise the user’s sense of control, one of the pillars of
effective interaction in gesture-based systems. When users
fail to predict or execute simple actions, their confidence in
the system declines, increasing frustration and task abandon-
ment risk. Enhancing input recognition, reducing gesture am-
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biguity, and ensuring predictable behavior are essential to re-
inforce users’ agency and autonomy in MR environments.

Effectiveness was impacted primarily by problems in vi-
sual and spatial perception. Participants struggled to accu-
rately perceive the size and fit of the puzzle pieces, which hin-
dered goal completion. These issues affect both the accuracy
and completeness of tasks (core attributes of effectiveness),
especially when feedback on correct or incorrect placements
is insufficient or absent. Without appropriate guidance or af-
fordances, users may not realize their mistakes or understand
how to proceed, disrupting problem-solving flow.

Error Prevention and Recovery emerged as a critical
weakness. Users frequently triggered unintended actions or
failed to recover from interaction errors. Although trial-and-
error is intrinsic to puzzle games, the absence of undo fea-
tures or recovery cues intensified frustration. From a UX per-
spective, this compromises trust and perceived robustness.
Systems that allow users to recover gracefully from mistakes
not only enhance usability but also encourage exploration
and learning through experimentation.

Immersion was undermined by multiple factors: low
feedback fidelity, limited gesture responsiveness, and a per-
ceived disconnect between virtual objects and the real en-
vironment. Unrealistic behaviors—such as passing through
holograms or the lack of weight and collision—broke the il-
lusion of presence and reduced sensory engagement. In MR
applications, immersion depends not only on visual realism
but also on interaction realism. When these fail, users re-
main aware of the artificiality of the experience, impairing
emotional engagement.

Presence, as captured by both UUXE-ToH and SUS, re-
ceived some of the lowest ratings. The feeling that virtual
elements were truly part of the real world was weak, partic-
ularly when using devices with monochrome passthrough or
when virtual objects lacked physical integration cues. This
reflects a psychological disconnection that affects the sense
of realism and spatial coherence—key aspects for MR expe-
riences to be perceived as natural.

Trustworthiness and Comfort were also negatively af-
fected. Issues like the acceptance of misaligned pieces or un-
recognized misplacements reduced users’ confidence in the
system’s internal logic. When interaction rules appear incon-
sistent, users question the system’s reliability. Furthermore,
some participants felt physically uncomfortable due to ob-
ject proximity, especially when content was initialized with-
out recalibrating head position. Such discomfort can reduce
session duration and increase motion fatigue.

Learnability issues, though less frequent, highlighted the
absence of clear initial guidance. Lack of onboarding com-
promised users’ understanding of objectives and interaction
possibilities, particularly for less experienced users. This
gap undermines the discovery of functionalities and delays
engagement, stressing the importance of contextual instruc-
tions and progressive learning aids.

Finally, issues related to Beauty and Aesthetics affected
the perception of quality and professionalism. A poorly vis-
ible menu button, for instance, may seem trivial, but signals
low design attention, negatively influencing first impressions
and user satisfaction.

In summary, the reported issues not only impaired task per-
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formance and interaction fluency, but also disrupted users’
emotional connection to the game. While some challenges
stem from hardware limitations, many affectable dimensions,
such as controllability, effectiveness, feedback, and immer-
sion, are critical to the overall UX and can be significantly
improved through design refinements and enhanced interac-
tion strategies.

5.3 Classification of Issues by Feasibility and
Implementation Scope

While the previous section examined the identified issues in
terms of UX and usability dimensions, it is also useful to cat-
egorize them based on the feasibility of implementation and
the scope of responsibility for addressing them. This per-
spective helps differentiate which improvements are directly
actionable by the game developers, which require substantial
development effort, and which are constrained by hardware
or system-level limitations.

Based on this classification, the issues can be grouped into
three categories: (1) those that can be addressed with minor
adjustments (e.g., UI elements, feedback mechanisms); (2)
those that require significant changes to the game logic or
interaction model; and (3) those that result from the limita-
tions of the underlying hardware or operating system and are
therefore outside the direct control of the developer.

5.3.1 Low-effort improvements (developer-resolvable):
Issues 1, 2, 3, 6, 7, 13, 21, 23, 28, 42, and 43

These issues can be addressed through simple modifications
in interface design, onboarding, or feedback mechanisms.

Issue 1 refers to difficulties selecting pieces at a distance,
possibly caused by slight descalibration during headset han-
dover. Implementing a brief position recalibration or ensur-
ing proper headset positioning before starting could mitigate
this. Issue 2 and 13 both reflect gaps in initial orientation
(regarding game objectives and spatial interaction) that can
be improved with interactive tutorials. Regarding Issue 13,
specifically, since the participants were seated and not in-
structed to stand or move physically around the virtual con-
tent, their perspective was restricted to head and torso motion.
This suggests a need for an initial orientation or tutorial that
clarifies physical mobility options and encourages full-body
exploration when appropriate.

Issue 3 involves low visibility of the menu button, solv-
able with enhanced contrast or dynamic highlighting. Issue
6 concerns discomfort from objects appearing too close; ad-
justing spawn distance can resolve this. Issue 7 relates to
piece size, addressable by allowing scaling options. Issue
21 notes the perception of using only one hand, likely due
to ambiguous onboarding, clarifying this possibility would
help. Issues 23 and 28 reflect the need for visual or auditory
cues when placing or selecting objects. Issue 42 involves
lack of guidance after resuming the game from the system
menu. Adding contextual messages would solve this. Fi-
nally, issue 43 addresses the absence of feedback when a mis-
take occurs; subtle cues or animations could inform the user
without interrupting gameplay.
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5.3.2 Moderate/high-effort improvements (developer-
resolvable): Issues 4, 5, 8, 9, 10, 14, 15, 16, 17, 18,
19, 20, 22, 24, 25, 26, 29, 33, 36, 38, and 41

These issues involve deeper changes to the game’s interac-
tion model, manipulation logic, or feedback mechanisms.
Their resolution requires structural design adjustments and
extensive testing, particularly to ensure consistency with
hand tracking and gesture-based control.

Issue 4 and 5 relate to trustworthiness: the game some-
times allows misaligned pieces to be placed or fails to recog-
nize small misalignments. Addressing this requires improv-
ing the precision of the alignment detection algorithm and
possibly adding real-time feedback (such as snapping, cues,
or color changes) to guide correct placement.

Issue 8 involves unintentional manipulation of the entire
puzzle mold when users attempt to grab a piece near its
boundary. This occurs because the rotation anchors for the
mold are activated by gestures that closely resemble the ones
used for object selection. A solution would involve adding a
toggle mechanism to lock or unlock the mold’s movement,
combined with clearer visual indicators to distinguish be-
tween manipulating the mold and individual pieces.

Issues 9 and 26 refer to interaction delays and selection
failures. These could result from hardware input lag or in-
sufficient gesture sensitivity. Solutions may include increas-
ing gesture tolerance, filtering unstable input, and providing
stronger visual feedback to confirm successful selection.

Issues 10, 19, and 25 involve difficulties rotating objects
using natural wrist motions. A promising alternative is to
implement a visual interface that appears when a user holds
an object, offering axis-based rotation controls (e.g., X, Y, Z)
that can be triggered with the opposite hand. This dual-mode
control, that combines natural gestures and graphical rotation
aids, would improve precision, reduce fatigue, and enhance
accessibility.

Issues 14, 15, 16, and 17 all reflect problems with piece
manipulation in constrained or visually ambiguous contexts.
Difficulty in picking up pieces behind the mold (14), execut-
ing pick-and-release motions (15), selecting among overlap-
ping objects (16), and interacting with pieces in corners (17)
may be improved by implementing occlusion-aware high-
lighting, proximity-based selection prioritization, or cycling
mechanisms to navigate overlapping elements.

Issue 18 reports unpredictable return points after throw-
ing a piece away. Though the object eventually returns to
reach range, its return position appears arbitrary. Refining
this logic so objects return to a consistent, predictable loca-
tion (such as a defined drop zone) would improve controlla-
bility.

Issue 20 reflects frustration with pieces that travel too far
when released. Developers could implement soft movement
boundaries or magnetic zones to retain objects within com-
fortable reach.

Issue 22 concerns difficulty in perceiving the dimensions
of pieces. Enhanced depth cues (such as shading, occlusion,
or environmental lighting) may help users better interpret
three-dimensional volume.

Issue 24 reports problems when interacting with both
hands simultaneously, likely due to limitations in the hand
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tracking or gesture disambiguation system. Improved recog-
nition models, or interaction modes explicitly designed for
bimanual manipulation, could resolve these inconsistencies.

Issue 29 concerns lack of realism, possibly tied to mini-
malistic visual design; while not technically demanding, it
requires redesigning textures and physics to enhance per-
ceived authenticity. Issues 33 and 36 relate to immersion-
breaking factors: the lack of physical properties such as
weight (33) and the ability of hands or pieces to pass through
each other (36). These issues require improvements to the
game’s physics engine and collision models to simulate real-
istic constraints and contact feedback, even in the absence of
haptic devices.

Issue 38 describes movement errors caused by the game
interface itself, potentially due to unexpected behavior of ob-
jects or misleading visual cues. Addressing this may involve
refining visual affordances and interaction precision to re-
duce unintentional actions.

Finally, issue 39 reveals a lack of support for error re-
covery; implementing undo mechanisms or confirmation
prompts could reduce user frustration. Issue 41, which con-
cerns confusion during object pickup, is an example of a
problem that could be avoided or resolved by the user if undo
mechanisms or similar features were available. This issue
also highlights the need for clearer interaction feedback and
selection clarity.

5.3.3 Hardware, system or human limitations (not
developer-resolvable): Issues 30, 31, 32, 34, 35, 37,
and 40

These issues arise from constraints imposed by the hardware
(such as passthrough resolution, gesture recognition preci-
sion, or absence of haptic feedback) or by the system soft-
ware, and are therefore outside the game developer’s direct
control.

Issue 11 concerns difficulty understanding depth, which
may result from user-specific visual conditions (e.g., my-
opia), not software. Issue 12 involves confusion with holo-
graphic hand representations. These are system-rendered
overlays not controlled by the application.

Issue 27 points to real-world distractions caused by the
high-resolution passthrough of Quest 3, where the unblurred
background competes for user attention.

Issue 30 highlights visual distortions near the user’s left
hand, which are common in video-see-through systems
where the rendering pipeline and hand tracking struggle to
align real and virtual content consistently.

Issue 31 concerns the absence of visual prioritization for
objects based on the user’s gaze direction. Ideally, MR sys-
tems could rely on eye tracking to dynamically adjust fo-
cus and relevance, but such features are unavailable in Meta
Quest 2 and 3. As aresult, content outside the central field of
view can become visually distracting or cognitively demand-
ing to manage.

Issue 32 notes that objects respond only to specific ges-
tures, which limits interaction flexibility. This behavior is
shaped not only by the game’s design but also by the capa-
bilities and constraints of the headset’s gesture recognition
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system. Expanding gesture vocabularies often requires sup-
port at the system level to ensure reliability and consistency.

Issue 34 adds to this by describing how hands or objects ap-
pear to break physical boundaries or intersect unrealistically,
again pointing to limitations in spatial mapping and physics
simulation without depth-aware collision handling or haptic
reinforcement.

Issue 35 highlights a mismatch between hand positions
and perceived object boundaries, where touches or interac-
tions do not align with the physical dimensions of virtual
items. This reflects limitations in spatial calibration and the
absence of tactile feedback, which are common challenges in
systems that rely solely on mid-air gestures and visual feed-
back.

Issue 37 refers to the lack of integration between virtual ob-
jects and the real environment when using Meta Quest 2. The
device’s low-resolution black-and-white passthrough limits
spatial blending and reduces the perceived realism of mixed
reality scenes.

Finally, issue 40 involves accidental triggering of system-
level commands (such as invoking the Meta Quest menu)
via unintended gestures. Since these gestures are interpreted
by the headset’s operating system and not the application,
they cannot be disabled or filtered by the game itself. This
highlights the importance of preparing users in advance by
providing orientation or onboarding content that clarifies the
functioning of system gestures and how to avoid interrupting
gameplay unintentionally.

5.3.4 Concluding Remarks

The classification of issues by feasibility and implementa-
tion scope reveals how the effort required to improve specific
UX dimensions in Cubism varies significantly depending on
their nature. Dimensions such as Learnability, Controllabil-
ity, Error Handling, and Beauty and Aesthetics include sev-
eral issues that can be addressed with relatively low effort.
These typically involve enhancements to interface clarity,
initial onboarding, feedback mechanisms, and object place-
ment logic, improvements that are feasible within the current
design without requiring major architectural changes.

In contrast, dimensions like Effectiveness, Trustworthi-
ness, Comfort, and Immersion often demand more substan-
tial revisions to the interaction model, gesture handling,
or physical simulation. For example, increasing the real-
ism of virtual objects, improving the recognition of two-
handed gestures, or refining rotation mechanics requires care-
ful redesign and testing, especially to ensure consistency in
gesture-based control across varied contexts.

Certain challenges, however, extend beyond what can be
addressed at the software level. Issues related to Presence
and some aspects of /mmersion (such as visual blending
with the real world or reliable gesture tracking) depend on
hardware constraints like passthrough resolution, lack of eye
tracking, and limitations of the hand-tracking system. Addi-
tionally, the difficulty in interpreting depth (Issue 11), while
partially related to visual rendering, may also reflect user-
specific perceptual limitations such as myopia or spatial cog-
nition, aligning with broader concerns of accessibility. These
aspects highlight the importance of designing inclusive MR
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experiences that accommodate a wider range of human capa-
bilities.

Overall, while many usability and UX issues in Cubism
are within reach of practical and incremental improvements,
others will only be meaningfully resolved through advances
in MR hardware and greater support for adaptive, accessible
interaction paradigms.

6 Limitations

This study provides valuable findings into the usability and
UX evaluation of the Cubism puzzle game in an MR environ-
ment. However, several limitations must be acknowledged.

First, the small sample size (14 participants) limits the gen-
eralizability of the findings and restricts the scope of statisti-
cal analysis. This limitation did not result from methodologi-
cal flaws but from practical constraints during data collection.
The study was designed to be conducted within a four-hour
workshop, with limited hardware availability and voluntary
participation. Only three Meta Quest 2 and one Meta Quest 3
devices were available, and participation depended on event
attendance and individual willingness to take part. These
constraints also precluded selective recruitment or balanc-
ing of participant characteristics, leading to a sample mostly
composed of students and researchers with some background
in HCL.

In this context, the authors deliberately chose not to ex-
pand data collection to other environments or time periods.
In previous studies conducted by the same team, larger sam-
ples were achieved through distributed sessions over several
weeks, reaching up to 260 participants. However, this spe-
cific study was intended as a focused evaluation within a live
workshop setting. It is also important to recognize the inher-
ent difficulty in recruiting participants with sufficient exper-
tise in usability and UX, especially during time-constrained
technical events, due to their professional commitments. For
future studies in similar settings, we recommend strategies
such as pre-registration, time-slot allocation, or coordination
with academic courses to ensure broader participation with-
out compromising methodological integrity.

Second, the use of different headsets (Quest 2 and Quest
3) may have introduced variability in user experience. Hard-
ware differences (such as passthrough resolution and hand-
tracking precision) can affect perceived immersion and inter-
action quality. While the inclusion of both devices enabled
broader participation, it also makes it more difficult to at-
tribute usability issues to either the game design or device
capabilities.

Third, participants engaged with the game for only 10 min-
utes. This short interaction window allowed exploration of
core mechanics but limited the evaluation of long-term en-
gagement, fatigue, and task progression. Although some
UUXE-ToH items address comfort and tiredness, a more de-
tailed assessment of these aspects would require extended or
repeated sessions.

Four, while the choice of questionnaires is based on rele-
vance and prior validation, inherently influences the results.
Each instrument emphasizes different aspects of the expe-
rience, making direct comparisons difficult and potentially
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limiting the completeness of the evaluation. Furthermore,
only the first part of the UUXE-ToH v4 questionnaire was
used, excluding open-ended questions that could have pro-
vided richer qualitative feedback.

Finally, the workshop setting, despite offering a controlled
environment, may have influenced the behavior of the par-
ticipants due to time constraints, social factors, or external
distractions. In addition, participants were divided into two
groups (A and B) to balance questionnaire completion time
and prevent cognitive overload. Although this facilitated a
manageable evaluation, it also meant that no single partici-
pant assessed the game across all selected instruments, limit-
ing direct cross-questionnaire comparisons.

Future studies should consider conducting the evaluation
outside event-based settings, recruiting a larger and more di-
verse sample, allowing longer interaction periods, and con-
trolling for device variability. Including the full version
of the UUXE-ToH questionnaire would also enable richer
mixed-methods analysis.

7 Conclusion and Future Work

This study examined the usability and UX of the Cubism
puzzle game in an MR environment using multiple evalua-
tion instruments: UUXE-ToH v4, USE, SUS, and UEQ. The
findings highlight strengths while identifying areas for im-
provement in interaction control, immersion, presence, and
error prevention.

The results indicate that Cubism offers an engaging and in-
tuitive experience, particularly in terms of learnability, mem-
orability, and satisfaction. However, lower ratings in immer-
sion, presence, and controllability reveal challenges in inte-
grating virtual objects with the real world, especially with
hand-tracking interactions. Usability issues such as object
selection difficulties, gesture inconsistencies, and lack of er-
ror feedback were also noted.

Additionally, the classification of identified issues by im-
plementation scope provided practical insights into which as-
pects can be improved with minimal effort, such as UI visi-
bility or feedback cues. These aspects depend on more sub-
stantial design adjustments or external factors, such as hard-
ware capabilities. This categorization supports prioritization
for development. The findings also suggest that certain in-
teraction challenges may stem from human perceptual limi-
tations (e.g., depth perception), highlighting the importance
of accessibility-aware design in MR.

The study also highlights the benefits of combining stan-
dardized usability and UX questionnaires with domain-
specific instruments like UUXE-ToH. Comparative analysis
of questionnaires underscores how variations in construct
definitions and measurement approaches affect result inter-
pretation, emphasizing the importance of selecting appropri-
ate evaluation tools for MR applications. Although these
comparisons were based on data collected from different
groups and thus do not allow inferential statistical conclu-
sions, the patterns observed offer valuable insights into how
different instruments contribute to usability and UX evalua-
tions in MR contexts.

In particular, the study sheds light on the diagnostic utility
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of multidimensional evaluation technologies. During the in-
spection process, participants linked identified issues to spe-
cific questionnaire items, offering insight into which tools
better supported usability and UX problem detection. Group
A, using only the multidimensional UUXE-ToH (covering 19
dimensions), identified 31 issues. Group B, using a combina-
tion of USE (4 dimensions), SUS (one dimension), and UEQ
(6 dimensions), identified 15 issues, with USE alone support-
ing most of the detection, while SUS and UEQ contributed
marginally and redundantly. These patterns suggest that
instruments designed to cover multiple dimensions (either
through a comprehensive questionnaire or a well-balanced
combination of questionnaires) may better support diagnos-
tic evaluation in MR contexts. Nonetheless, further stud-
ies with larger and more controlled samples are needed to
confirm these findings and explore the impact of instrument
structure on evaluation outcomes.

The complementary nature of USE, SUS, and UEQ was
evident, with each questionnaire emphasizing different as-
pects of usability and UX. USE assessed usability, ease of
use, and satisfaction, while UEQ covered broader UX di-
mensions such as attractiveness, stimulation, and dependabil-
ity. SUS evaluated immersion and presence. UUXE-ToH v4
emerged as a comprehensive alternative, covering effective-
ness, efficiency, learnability, comfort, trustworthiness, and
absorption. Compared to SUS, UUXE-ToH provided a more
detailed breakdown of immersion and presence, incorporat-
ing both technical and perceptual elements.

Future research should expand the participant pool for a
more diverse analysis of user experiences across skill levels.
Longer play sessions could provide information on long-term
engagement, fatigue, and usability at advanced game levels.
Evaluating interface elements (e.g., menus, settings, tutori-
als) would enhance usability assessment, while exploring al-
ternative interaction techniques (e.g., haptic feedback, adap-
tive gestures, voice commands) may improve accuracy and
ease of use. Investigating hardware differences (e.g., Meta
Quest, Apple Vision, MS HoloLens, Magic Leap) could clar-
ify their impact on presence, immersion, and interaction pre-
cision. Finally, comparing evaluation methodologies, such
as heuristic and expert-based assessments, could provide a
more comprehensive understanding of usability and UX in
MR environments.
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