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Abstract: Spatial abilities, which are sources of our capacity to understand visual and spatial relations
among objects, as well as the abilities to generate, retain, retrieve, and transform well-structured
visual information are important in several scientific fields and workplaces. Various tests have already
been prepared to measure these abilities, including the Mental Cutting Test, which is considered the
golden standard of measurement. However, much less attention is paid to how to prepare students
for this test, as well as how to develop these skills most effectively. The purpose of this research is to
study the multimodal approach of improving these skills and its effectiveness, i.e., the mixed use of
2D tools similar to the paper-based test, and 3D tools, including augmented reality and web-based
interfaces in training students for those kinds of tasks. We want to demonstrate and prove with tests
that multimodal modes of training can significantly affect the effectiveness of developing these skills.
Moreover, through appropriately combining these methods, they can reinforce each other to form a
multimodal approach, which is the most effective way for developing spatial skills and improving
students’ performance related to the Mental Cutting Test.

Keywords: spatial abilities; augmented reality; Mental Cutting Test

1. Introduction

Spatial abilities and spatial intelligence are essential in many areas of life. The benefits
of spatial skills have been well evidenced in a wide variety of science, technology, engineer-
ing, and mathematics fields, even if the correlation is of a varying level [1,2]. However, in
addition to science and STEM subjects, spatial abilities can also fundamentally influence
our everyday life. For example, underdeveloped spatial competencies, involving the ma-
nipulation and storage of visuospatial information, may negatively affect our capacity to
drive safely [3]. Even in medical treatments and studies, well-developed spatial skills play
a significant role, for example, in terms of understanding of a medical case at the anatomical
level [4]. Spatial abilities are usually considered as a collection of various specific skills
for spatial perception, spatial visualization and orientation, mental folding, mental cutting
and mental rotation (see, e.g., [5–9]). The development of these skills is a challenging task
overall, which may require various tools in different pedagogical situations. As observed
by mathematical factor analysis, the dominant factor of spatial ability tests is spatial visu-
alization [10]. As noted in [11], the name of this factor adequately describes that people
literally “visualize” to solve items on these tasks and tests, that is, they construct mental
images of the objects shown in them. Various classical tests have become standard tools
for measuring this skill over several decades. An example is the Mental Rotation Test [12],
where a possible rotation of a spatial shape must be recognized and selected. Another test,
which is of central importance from the point of view of the present research, is the Mental
Cutting Test, where the planar section of a 3D shape must be recognized and selected from
the possible answers (see Figure 1).
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Figure 1. Representation of one of the classical Mental Cutting Test tasks from the paper-based
test. One has to choose the only correct planar section of the left polyhedron from the five potential
answers (the correct answer is 2). In the real MCT test, the dashed line of the planar section is not
visible, and only the rectangular frame of the plane is presented.

The development and measurement of spatial abilities are also essential aspects of
many university study programs and courses. While our primary goal is to develop and
improve spatial skills, we must of course also consider the need of students to pass these
specific tests. To do this, we need to examine (and this question is also the focus of this
article) the methods by which we can most effectively improve these skills and prepare
students for these exam tests. In this research, we developed a learning environment
where, on the one hand, a very large number of automatically generated tasks help the
development of these skills and the preparation for the test. On the other hand, these tasks
can be approached using various visualization methods. Our research question was how
this learning environment can be used most effectively for the development of spatial
competences, i.e., what combination of technological and methodological tools results in
a greater development of these skills. We will argue that the most effective way to do
this is through a multimodal technology approach, i.e., a combination of a traditional 2D
visualization method, analogous to the paper-based test tasks; interactive computer-based
visualization, where students are able to rotate the 3D body on the screen; and augmented
reality-based methods, where students can virtually walk around a shape. Our core
hypothesis is that the test group using multimodal devices will show a significantly greater
improvement in the development of spatial competences than the groups that were trained
and tested either only with 2D devices or only with 3D devices. The effectiveness of the
multimodal approach is approved within the framework of a testing and practice program,
the outcome of which is analyzed statistically in this article. The structure of the paper is
as follows. In Section 2, we discuss the Mental Cutting Test and the recently developed
supporting tools, including our automatic task generator. In Section 3, the multimodal
approach and its educational aspects are presented. Our methodology is described in
detail in Section 4. The results, including the statistical analysis of the tests performed,
are discussed in Section 5. Finally, the conclusion and the discussion of future research
challenges close this paper in Section 6.

2. Assessing Spatial Skills: The Mental Cutting Test

There are various standard tests that can be used to measure spatial abilities. Different
tests measure different aspects and factors of spatial intelligence (for a detailed discussion,
see [13,14]). The two classical tests are the Mental Rotation Test (MRT) [12] and Mental
Cutting Test (MCT) [15], but there are also other tests, such as the Urban Layout Test
(ULT), Indoor Perspective Test (IPT) and Packing Tests (see [13]). Various combinations
of these tests are also present. Among these tests, the Mental Cutting Test is one of the
most frequently applied standard tests for various tech universities, and it is also used as
an exam test. In the tasks of this test, an axonometric 2D image of a spatial model, usually
a truncated cube, and the position of an intersecting plane are presented. Students must
select the correct planar section of the model from five potential answers as planar figures
(see Figures 1 and 2).
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Figure 2. Three of the tasks from our Mental Cutting Test Task Generator and Repository. The adjust-
ment of the position of the cutting plane allows us to create multiple tasks for the same body, as well
as the change of some parameters and position of the body (the correct answer is 1 in first and second
rows, and 5 in the last row).

Several papers studied the outcome of these tests in various contexts (see, e.g., [16,17]
and references therein). Previous results revealed strong individual differences [18] as well
as gender differences in MCT and other spatial ability test outcomes [13,19–21]. It is also
interesting to observe which of the four possible wrong answers the person giving the
wrong answer has chosen. These answers are not “equally incorrect”; some differ from the
correct answer only in the small proportions of their sides or angles (compare, for example,
the correct answer 1 and the wrong answer 2 in the upper row of Figure 2), while others
are morphologically or even topologically different (see answer 4 in the same row), which
is obviously a worse, “even more incorrect” answer. Typical mistakes have been studied,
e.g., in [22].

3. Media and Technology Support of Training and Testing: The Multimodal Approach

For several decades, classic technological tools and support were used for the above-
mentioned tests and their preparation. Paper-based, 2D tasks were applied, which were
sometimes assisted by human-built, real 3D models. However, our experience has shown
that traditional, paper-based tools have limited potential to improve these skills, partly
because the number of available tasks is limited. As recently reported, one of the most
significant barriers is the lack of access to tasks; researchers revealed substantial difficulty
in gaining access to existing paper-based tests and tasks [23]. State-of-the-art technology, in-
cluding virtual and augmented reality tools, can evidently improve this situation, although
this is not necessarily effective for every test. In the case of some tests, the opportunity
to walk around provided by virtual reality makes the test practically meaningless. An
example of this is the Indoor Perspective Test. With the introduction of these new tech-
nologies, people may move too far from the classical tests that measure spatial abilities
in the traditional way, which can cause problems in the test phase, such as the university
entrance exam. In fact, one of the crucial goals is to enable students to prepare effectively
for these tests. To overcome these issues, our research group created an automatic MCT
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task generation algorithm and Mental Cutting Test Task Generator and Repository [24].
This task generation algorithm uses the same bodies as the original test, but by changing
several of their parameters (e.g., the degree of the notch) and by changing the position of
the cutting plane, it can generate practically thousands of various MCT tasks (see Figure 2).
These tasks are multiplied by keeping the only correct answer as it is, but altering and
randomizing the potential wrong answers for the same body and cutting plane, for ex-
ample, by using affine transformations, rotations, etc. Moreover, this task generator is
connected to a user interface intended for practice, called ViSkillz, where the users can
test their knowledge on these tasks [25]. The interface can display the body itself in an
axonometric 2D view (as it appears in the original test), a rotatable 3D view, and, through
an application, also in augmented reality mode. The positive effect of this framework can
further be reinforced by gamification [26], although this aspect is not studied and applied
in the current research. The multimodal approach to education is an emerging field, and
in recent years, it has received an extreme emphasis on the development of skills where
traditional tools prove to be insufficient (see, e.g., [27,28]). Multimodal education includes
teaching methods that engage multiple sensory systems simultaneously, typically applying
multiple modes or methodologies to teach a concept or to develop a skill, including various
visual modes and techniques. As we have mentioned above, for many decades, spatial
skills have been developed and measured in an unimodal manner through planar drawings
and paper-based tests, perhaps occasionally including real spatial models (made of paper,
wood, or metal). The crucial challenge of multimodal spatial skill development is how we
can transform the new technology into the development process of spatial abilities. The
primary goal is to map the optimal and effective combination of paper-based methods,
web-based tools, and VR- and AR-based techniques to create a truly multimodal approach
to skill development and measurement. The various ways of using virtual and augmented
reality tools are prominent aspects of this multimodal approach. However, as noted by [28],
“despite VR’s growing accessibility, its integration into educational settings remains in
the preliminary stages, particularly in higher education, where traditional methods still
dominate”. Virtual and augmented reality proved to be an effective support of educational
tasks in various fields of mathematics, from functions to 3D transformations [29–34]. It has
also been involved in developing spatial abilities; for a thorough review, see [35]. As noted,
while VR and AR tools can increase student interest and enhance self-learning, the lack of
AR-related teaching material can hinder this process. Moreover, Virtual Reality requires a
special set of tools, which is also relatively expensive. Moreover, previous studies referred
to VR-induced health symptoms and effects, involving nausea, dizziness, disorientation,
postural instability, and fatigue [36]. Therefore, we did not use this option in our study. Our
opinion is that the exclusive use of AR/VR tools can also yield a biased view of these tasks
and skills. Studying the methodological use of augmented reality and virtual reality, we
are often faced with the fact that researchers frequently use these tools exclusively, which
ultimately leads to the same unimodal approach as when we only provided 2D paper-based
tests and tasks to students [37–39]. Moreover, it is observed that during the exclusive use of
extended reality tools in the education process, certain cognitive overload was suggested
to arise, and finally, in some cases, the mental effort was lower for students studying
with augmented reality compared to students learning with traditional paper-based and
multimedia material [38]. Therefore, the main focus of our research was the development
of a genuinely multimodal practicing framework, including 2D (similar to paper-based),
interactive 3D (allowing rotation of the object), and augmented reality tools (see Figure 3),
that can significantly improve the test results of measuring spatial skills.
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Figure 3. Multimodal practicing tools for spatial skill development: (1) augmented reality (left),
(2) interactive 3D view where the user is allowed to rotate the body (middle), and (3) classical 2D test
tool (right) [24].

4. Methodology

Between February 2023 and September 2024, we conducted a large-scale study and
survey at the IT faculties of the University of Debrecen and Eszterházy Károly Catholic
University. A total of 557 first- and second-year students (319 Computer Science, 129 Com-
puter Science Engineering, and 109 Business Informatics students) submitted valid answers
to the tests. The test population was divided into three large groups, and the performance
of all three groups was evaluated in two separate tests (denoted by Test 1 and Test 2 in
the analysis). The first of the three groups (control group) received the tasks in a tradi-
tional way, similar to the classic paper-based test, with 2D visualization (3rd option in
Figure 3), and could only practice with tasks visualized in this way between the two tests.
We marked them with a ’2D’ label in the statistical analysis. The second group was able
to use 3D visualization (rotatable 3D view, second option of Figure 3) already during the
two tests and also during practice, with an additional augmented reality option (1st option
of Figure 3). They were marked with a ’3D’ label in the statistical analysis. Note that this
group did not face the challenge of making decisions based solely on 2D images during
the test. This is, of course, clearly visible in the results achieved on the first test (Test 1),
which were significantly better than the other two groups who had to solve the classic 2D
test. Finally, the third test group had to complete the two tests with a 2D visualization
similar to the traditional test (3rd option in Figure 3), but in the practice period between
the two tests, they could also practice on classical 2D tasks as well as on augmented reality
and web-based presentation of tasks that enabled a rotatable 3D view (all three options
of Figure 3). This group was denoted by ‘2D+3D’ in the statistical analysis. Thus, this
group could use the full spectrum of our multimodal approach, while in the test phase,
their performance measurement was completely identical to the classical method. For ease
of use, all these options have been integrated into a single application, called ViSkillz [25];
see Figure 3. All three groups, regardless of the visual representation of the test items and
the method of practice, completed the same test. To evaluate the internal reliability of the
test, we calculated Cronbach’s alpha coefficient, which yielded a value of 0.94. This high
coefficient indicates excellent reliability for the questions. This also demonstrates strong
internal consistency among the test items, confirming that the test is suitable for assessing
the targeted skills [40]. Our hypothesis was that compared to the first (2D, control) and
third (2D+3D) groups, who therefore completed the tests in a traditional way (in 2D), the
second (3D) group would perform much better on the first test because they can use 3D
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visualization. Overall, the third group (2D+3D) will experience the greatest progress in
terms of spatial abilities due to the multimodal approach. In the first week of the semester,
we visited lectures of our 1st- and 2nd-year students and asked them to complete the
recently mentioned test in the ViSkillz application. The test consisted of 10 tasks, each
worth 1 point for a correct answer and 0 points for a wrong answer. Each task had exactly
one correct answer. The three groups were randomly selected, and we used a random code
ensuring anonymity. The most important data of the test conditions were the following:

• The test starts with a short explanation of MCT.
• The test consists of 10 exercises (maximum score is 10).
• The 2D viewer is available to all the users, while the 3D viewer is available only to the

second group (3D).

During the practicing period, regular 2D tasks were available for the first (‘2D’) group,
tasks with a 3D viewer and augmented reality were available for the second (‘3D’) group,
and multimodal practicing tools were available for the third (‘2D+3D’) group. After the
practicing period, in the second part of the test phase, the test was repeated under the same
conditions as the first one.

5. Results

The results from the two assessments for the 2D, 3D, and 2D+3D groups are summa-
rized in Table 1 and visualized as a box plot in Figure 4. The first assessment provides
a baseline for each group, while the second assessment, conducted after an intervention,
shows the observed changes.
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Figure 4. Performance comparison of the three groups (‘2D’ group—green; ‘3D’ group—blue; ‘2D+3D’
group—red) in the 1st (lighter color) and 2nd (darker color) assessments.
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Table 1. Results of the 1st and 2nd tests.

Group
Test 1 Test 2

Median Mean Std. Dev. Median Mean Std. Dev.

2D 5 3.43 1.24 5 3.64 1.34
3D 7 5.00 1.96 7 6.30 1.49
2D+3D 5 3.86 2.04 7 6.00 2.12

The 2D group exhibited a minor improvement between the two assessments, with the
mean score increasing from 3.43 to 3.64, but with the same median score of 5. The standard
deviation (1.24 and 1.34, respectively) suggests a relatively consistent level of variability in
the group, with no significant shift in the range of scores. The results for the 2D group did
not show a statistically significant improvement between the first and second assessments
(p > 0.05). This indicates that the traditional 2D approach may be less effective in improving
spatial reasoning skills compared to applying the more immersive 3D and augmented
reality tools. This is consonant with the preceding results. Previous studies have similarly
found that limited visual perspectives in 2D environments do not adequately challenge or
enhance spatial cognition [41]. In contrast, the 3D group showed a substantial improvement,
with the mean score rising from 5.00 in the first assessment to 6.30 in the second assessment.
However, the median score 7 remained the same. The range expanded slightly, but more
importantly, the decrease in the standard deviation from 1.96 to 1.49 indicates that the
group’s performance became more consistent after the intervention. The improvement
in both the mean and the reduction in variability suggests that the use of 3D tools had a
positive effect on test performance. However, note that the results of the upper quartile and
the best performance of students did not increase, which can be interpreted as this method
no longer giving the best performers any further development opportunities. The 2D+3D
group demonstrated the most significant improvement among the three groups. The mean
score increased from 3.86 to 6.00, indicating that the combination of various 2D and 3D
tools led to a significant improvement in performance. The median is also significantly
increased from the level of the first (2D) group to the level of the second (3D) group.
The standard deviation, which remained relatively stable (2.04 and 2.12, respectively),
indicates that the spread of scores within this group did not significantly change. This
means that every participant in this group could significantly increase their abilities, and the
higher mean suggests that the intervention was highly influential in raising the group’s
overall performance. The sample size for each group was adequate to ensure reliable
statistical conclusions. The data exhibited a normal distribution, which was verified using
the Shapiro–Wilk test [42]. This justified the use of the paired t-test to compare the scores
between the first and second assessments. To evaluate whether these improvements were
statistically significant, a paired sample t-test was conducted for each group to compare
the results of the first and second assessments.

• 2D Group: The increase in the mean score from 3.43 to 3.64 was not statistically
significant, with a p-value > 0.05. This suggests that the observed change was likely
due to random variation and not the result of any effective intervention.

• 3D Group: The improvement in the mean score from 5.00 to 6.30 was statistically
significant (p-value < 0.05), indicating that the use of 3D tools had a meaningful
impact on the group’s performance. Additionally, the reduction in standard deviation
suggests that the intervention was particularly useful for those who underperformed
in the first test, and this method not only improved scores but also led to more
uniformity in performance across participants.

• 2D+3D Group: The increase in mean score from 3.86 to 6.00 was also statistically
significant (p-value < 0.05). The multimodal combination of 2D and 3D tools appears
to be the most effective intervention among the three groups, leading to a substantial
improvement in each participant’s overall performance, while the scores’ spread
remained similar.
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In the initial analysis, we conducted paired t-tests to assess within-group changes
between the first and second assessments. While this approach is appropriate for examin-
ing within-group improvements, it does not fully address whether there are statistically
significant differences among the groups. Based on the results of the Levene and Bartlett
tests, which indicated that the variances were homogeneous (p > 0.05), we proceeded with
the ANOVA as the most appropriate statistical method [43]. ANOVA provides a robust
framework for simultaneously comparing the means of multiple groups, determining
whether observed differences are attributable to random variation or represent true dis-
parities between groups. This method is particularly crucial when comparing more than
two groups, as conducting multiple t-tests increases the likelihood of type I errors (false
positives), potentially leading to misleading conclusions. The F-statistic generated by the
ANOVA reflects the variance ratio between group means to the variance within groups.
A high F-value indicates that the differences between group means are more significant
than what would be expected by chance. In our analysis, the F-value was significantly
high (F = 8.91, p = 0.00058), suggesting meaningful differences among the group means.
The p-value is well below the conventional significance threshold of 0.05, confirming that
the differences between the groups are statistically significant. To further clarify which
specific group pairs exhibited statistically significant differences, we also conducted a Tukey
HSD (Honest Significant Difference) post hoc test. The results demonstrated that both the
3D and 2D+3D groups differed significantly from the 2D group, and a significant difference
was also observed between the 3D and 2D+3D groups. This post hoc analysis reinforced
the findings of the ANOVA, providing additional confirmation of the differences among
the groups. A further statistical way to approve our hypothesis is the measurement of the
progressive effect of the program in each group, for which a well-proven tool is Cohen’s d
value [44]. Cohen’s d value is a measure of effect size that quantifies the difference between
two data sets in terms of standard deviations. Cohen’s d value is the appropriate effect size
measure if two groups have similar standard deviations and are of the same size, and this
holds for our data sets; therefore, it can correctly be applied here. It is used to understand
how much change has occurred due to an intervention. Cohen’s d values are generally
interpreted as follows [44]:

• Small effect: from d = 0.2;
• Medium effect: from d = 0.5;
• Large effect: d = 0.8 or greater.

The bar chart in Figure 5 illustrates each group’s mean differences and Cohen’s d effect
size (2D, 3D, and 2D+3D). Cohen’s d values were calculated to measure the effect size of
the interventions. This analysis aims to evaluate the effectiveness of different interventions
on the test scores, particularly focusing on the 2D+3D group.

For the 2D group, the mean difference is only 0.07, with a minimal Cohen’s d value of
0.04. This suggests that there is practically no difference between the two test result sets. In
contrast, the 3D group shows a more significant change. The mean difference is 1.5, and Co-
hen’s d value is 0.77, which corresponds to a medium effect size. This indicates that the use
of 3D tools had a substantial impact on improving test scores. Finally, the 2D+3D group
demonstrates the most significant improvement. The mean difference is 1.86, and Cohen’s
d value is 0.81, which corresponds to a large effect size. The 2D+3D group exhibits the
most considerable mean difference and the highest Cohen’s d value. This suggests that the
combined, multimodal intervention is highly effective in improving test scores. The large
effect size indicates that the multimodal method not only led to significant improvement
compared to the other groups but also that this improvement is meaningful and robust
across participants. Cohen’s d value in this context shows that the intervention had a
substantial effect, making it a strong candidate for further use in similar contexts where
enhancing performance is critical. In summary, the 2D+3D group showed the most remark-
able effectiveness, with both the highest mean difference and the most significant effect
size. This indicates that combining 2D and 3D visualization with various visualization
tools leads to the most substantial improvement in test scores, providing clear evidence of
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the method’s success. The 3D group showed a medium effect (d = 0.77), while the 2D+3D
group exhibited a significant effect (d = 0.81). According to Cohen’s benchmarks [44], these
values suggest that both interventions had a meaningful impact on performance, but it is
exceptionally high in the 2D+3D group, where the intervention led to substantial gains. All
of this means that our working hypothesis has been confirmed; there is a significant positive
difference in the degree of development of those students who were able to develop their
spatial abilities armed with a multimodal technological education toolkit. This positive
difference is somewhat obvious compared to traditional, two-dimensional paper-based
practice, but perhaps surprisingly, the difference is also significant compared to those who
used only 3D, augmented reality devices. This last figure once again underlines the fact
that the use of the most modern tools, be it the arsenal of AR/VR tools, can significantly
improve the understanding of spatial relationships, but cannot exclusively replace tra-
ditional methods and educational approaches. It is the combined, proportionate use of
these technologies that can lead to the highest degree of development and improvement in
spatial abilities.
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Figure 5. Effectiveness of intervention across groups.

6. Conclusions and Future Work

In our research, we investigated the multimodal technology that develops spatial
abilities. The limited possibilities of traditional tests often provide insufficient opportunities
for development, while these tests, especially the Mental Cutting Test, are crucial in students’
lives, as it is a standard measuring tool at several universities. That is why we have set
ourselves the goal of providing students with multimodal options that will ultimately help
them achieve significantly better results on the traditional test. After creating a multimodal
technological framework, as a study control, we tested two groups who could only achieve
traditional (2D) test tasks or, on the contrary, could use 3D tools (3D) already during the
test phase. As the above statistical results prove, the multimodal group (2D+3D), which
was measured on traditional 2D tests while they had the opportunity to use multimodal
development tools during practice, showed significantly greater progress than the other
two groups.
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In summary, we can observe that neither traditional 2D tools nor software-based
3D tools, including augmented reality, are sufficient in themselves to develop spatial
abilities with sufficient efficiency. For this, as we have seen, multimodal education is
the most suitable approach. Compared to previous approaches, our research is, on one
hand, a significant advance in the amount of background material (test items) and the
technical implementation of its multimodal presentation. Several previous studies have
examined the introduction and impact of extended reality in the development of spatial
skills, but it has been proven that the lack of resources of sufficient quality, especially
in the XR environment, significantly reduces the profitability of these methods. As is
noted, these problems may arise when students request more XR learning materials to
support their studies, while teachers have insufficient knowledge in programming and
computer-aided design to satisfy this request [35,45]. With our approach, hundreds of new
tasks can be generated in a simple way. On the other hand, we have applied a multimodal
approach compared to those where XR tools are applied exclusively. As mentioned above,
the exclusive use of XR tools ultimately leads to the same unimodal approach as when
we only provided 2D paper-based tests and tasks to students [37–39]. We have proved
in this research that neither of the unimodal methods could yield the same efficiency in
improving spatial skills as our multimodal approach. Of course, our approach also has its
limitations. At first, there are various other tests with different types of tasks where this
multimodal approach has to be tested, and its efficiency is not necessarily of the same level
as in the case of MCT. Mental Rotation Tests would probably work in the same manner,
but other tests may lose their significance if XR tools are incorporated into the practice
phase. This aspect must be investigated in the upcoming period. A further limitation of this
research is the relatively short period of evaluation. Future research should also consider
further longitudinal studies to assess the sustainability of these gains. Additionally, further
investigation into how different learner characteristics (e.g., prior spatial ability, learning
preferences, gender) interact with these interventions and technologies could provide
valuable insights for personalized learning approaches in the future. For this, a further
technological step will be creating an adaptive test environment, which in turn requires the
automatic classification of the degree of difficulty of the tasks, which is a real challenge in
this context.

Author Contributions: Conceptualization, T.B., M.Z. and M.H.; methodology, T.B., R.T., M.Z. and
M.H.; software, R.T.; validation, T.B., R.T. and M.H.; formal analysis, T.B., M.Z. and M.H.; data
curation, T.B. and R.T.; writing—original draft preparation, T.B., R.T., M.Z. and M.H.; writing—
review and editing, M.H.; visualization, T.B. and R.T.; supervision, M.H.; project administration, R.T.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study involved data collection from humans. The study
was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional
Scientific Review Board and Ethics Committee of Eszterházy Károly Catholic University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Student data are available on request from the corresponding author.
Task data set is available at https://viskillz.inf.unideb.hu/resources/#/supporting/mdpi-mti-2024
(accessed on 30 October 2024).

Acknowledgments: We would like to thank our students who participated in the survey. Their
contribution can help us develop the spatial skills of future generations even more effectively. We
also thank Balázs Pintér for their technical help in developing the app.

Conflicts of Interest: The authors declare no conflicts of interest.

https://viskillz.inf.unideb.hu/resources/#/supporting/mdpi-mti-2024


Multimodal Technol. Interact. 2024, 8, 99 11 of 12

Abbreviations
The following abbreviations are used in this manuscript:

MCT Mental Cutting Test
MRT Mental Rotation Test
ULT Urban Layout Test
IPT Indoor Perspective Test
2D Planar figure, and test with planar view of the task
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