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Abstract—Innovative spatial learning has not been presented
to stimulate students. Metaverse for Kids (MfK) is an
immersive, technology-based learning media innovation
developed to help elementary school students hone their spatial
skills optimally. The objectives in this study are: (1) to find out
the difference in the spatial abilities of elementary school
students before and after using MfK; (2) to compare students’
spatial abilities by gender; (3) to compare students’ spatial
abilities based on their types. This study uses a quantitative
approach with a pretest-posttest design to measure the
effectiveness of implementing the MfK on the spatial ability of
fifth-grade students in Semarang City. The participants in this
study were 102 fifth-grade students from an elementary school.
Data were analyzed using the Wilcoxon Signed Rank Test to
compare pretest and posttest scores, the Mann-Whitney U Test
for differences based on gender, and the Friedman Test to
compare types of spatial abilities. The results of the Wilcoxon
analysis revealed a significant increase in spatial abilities
following the use of MfK, with a medium effect size (r = 0.378).
The Mann-Whitney test yielded a p-value of 0.242, which is
greater than 0.05, indicating no significant difference in spatial
abilities between male and female students. This finding was
supported by a small effect size (»r = 0.116). The Friedman test
showed that relational spatial ability was the most developed
type, indicated by the highest mean rank value of 3.86. These
findings suggest that MfK is effective in enhancing the spatial
abilities of elementary school students, particularly in the
spatial relational aspect, without exhibiting gender bias. The
main finding of this study is that MfK can help elementary
school students to better understand the relationships between
the geometry objects studied. The conclusions of this study are
(1) the practice of using MfK to learn geometry is effective in
improving the spatial ability of fifth grade students; (2) in
general, there is no difference in spatial ability in the female and
male student groups; (3) the type of spatial ability that increases
the highest after the use of MfK is spatial relational ability.
Suggestions for utilizing the metaverse in elementary school
students should focus on incorporating gamification aspects.

Keywords—elementary school students, geometry, metaverse
for kids, spatial ability, quality education

I. INTRODUCTION

The advancement of information and communication
technology is one of the factors that affect all lines of life, not
except in the field of education. Education in the 21st century
has challenges and opportunities with the presence of
technology that continues to develop. Technological
developments in the field of education start from the virtual
environment, the floating of digital content into the real
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world (augmented reality), technology that creates digital
simulations (virtual reality), and, more recently, the
metaverse. These technologies are categorized as immersive
technologies, which are technologies that try to combine the
physical and digital worlds [1]. This provides an opportunity
for students to learn things that are abstract into concrete so
that it is easier to understand the concept of learning. One of
the learning that can be accommodated through these
technologies is mathematics learning in geometry materials
which aims to hone students’ spatial thinking.

Spatial thinking learning in Indonesian elementary schools
has not been running optimally. This is in line with the
findings from [2] which states that the spatial ability of
elementary school students remains relatively low due to the
abstract nature of mathematics learning, making it difficult
for students to learn geometry. The spatial abilities of grade
IV students, who are still not optimal, are specifically
analyzed on the understanding of regional location, spatial
orientation, and distance [3]. Research from [4] It also states
that the average spatial ability of elementary school students
in Indonesia falls below average in terms of spatial
visualization, spatial orientation, and mental rotation. Based
on the results of previous research, it is evident that the
spatial ability of elementary school students remains
suboptimal. This is an interesting study material that warrants
further exploration, as well as alternative efforts to address
the problem.

Several factors contribute to the low spatial ability of
elementary school students in Indonesia. One of them is
about the portion of learning that supports spatial skills that
have not been sufficiently taught in elementary school [5]. In
addition, there are also teachers’ limitations in understanding
the concept of spatiality, which has an impact on the textual
and abstract learning process [6]. Innovative and interesting
spatial learning has not been presented to stimulate students
to develop good spatial skills. The right learning media is also
one of the supporting factors that can create more engaging
spatial learning, resulting in a positive impact on the spatial
abilities of elementary school students.

The transition from conventional learning to
technology-assisted learning has an impact on the use of
learning media. Mathematics learning media in the
interactive digital era need to be able to stimulate space
exploration, manipulate three-dimensional objects, and
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develop students’ spatial imagination [7]. Based on these
needs, one of the technologies that accommodates these
activities is metaverse technology. Metaverse technology is a
technology in the form of a three-dimensional virtual space
built with virtual reality and augmented reality
technology [8]. This technology has been applied to support
the learning process, but it is still limited to be applied at the
elementary school level.

Metaverse for Kids (MfK) is an immersive
technology-based learning media innovation developed to
facilitate elementary school students to hone their spatial
skills optimally. The learning media accommodates several
activities that allow students to play while learning in an
immersive, collaborative, and space-oriented manner. These
activities are supported by virtual reality technology that can
train students to significantly improve spatial reasoning.
Additionally, the use of augmented reality technology has
also shown a positive impact on improvements in spatial
orientation and object visualization [9] for preschool and
elementary school students. Thus, metaverse technology has
a positive influence on supporting the spatial development of
students at the elementary education level.

The positive impact of metaverse technology is as a
learning medium that supports and trains elementary school
students’ spatial abilities in mathematics [10]. Although it
supports learning in elementary schools, the use of metaverse
technology is still not widely implemented. Technological
advances in education, particularly those related to the
metaverse, have not been effectively aligned with efforts to
implement them in the field, as is the case in Semarang City.

The selection of Semarang as a major city and the varying
conditions of schools and students are notable. This condition
was chosen because big cities in Indonesia have varied
conditions, both in terms of geographical conditions and
school and student conditions. The selection of four schools
for research is based on locations scattered throughout
Semarang City, in the center of the city, and on its outskirts.
The results of the study can be generalized because the
sample selection process can represent the conditions of
student variation in Semarang City.

Metaverse technology has begun to be developed to
support learning, but has not been specifically implemented
in elementary schools in Semarang City as an effort to
improve spatial abilities. This could be a subject for further
research. In addition, the limited research on the impact of
immersive technology interventions, such as the metaverse,
on elementary students’ spatial abilities presents an
interesting area of study to understand its effects based on
gender and the various types of spatial abilities that exist.

Based on the background explanation presented earlier,
this study has three objectives. (1) To determine the
differences in elementary school students’ spatial abilities
before and after using MfK; (2) To compare students’ spatial
abilities based on gender; (3) To compare students’ spatial
abilities based on their different types.

II. LITERATURE REVIEW

A. Spatial Ability

Spatial ability can be defined as the ability to generate,
maintain, retrieve, and manipulate well-structured visual

images [11]. This ability serves as a foundation in STEM
learning, enabling the solution of problems such as those in
geometry, mental modeling, and navigation. Efforts to train
spatial ability can be made by facilitating children in concrete
manipulative activities. This can be facilitated through
playing with blocks, tangrams, puzzles, origami, and 3D
construction games, in line with the opinion [12] that spatial
ability is related to experience in manipulating and rotating
3D objects. These activities can also be supported through the
use of technology and digital media, such as spatially based
games.

Spatial ability can be categorized into five types [13].
These five types of spatial abilities are: 1) spatial
visualization: the ability to show changes in parts of a 2D or
3D shape; 2) spatial relations: the ability to understand the
relationships between parts of an object; 3) spatial rotation:
the ability to rotate 2D or 3D objects; 4) spatial perception:
the ability to perceive objects in vertical or horizontal
positions, and 5) spatial orientation: the ability to recognize
objects from various angles.

Several factors influence a person’s spatial ability. These
factors include age, familiarity with the environment,
landmark  attributes, surrounding complexity, and
gender [14]. Studies have shown that gender differences can
influence performance on specific spatial tasks, particularly
mental rotation [15]. There is another opinion that states that
spatial ability is not determined by gender; in this case, men
have higher abilities, but it is based on experiences that
individuals have had related to activities that influence spatial
ability [16]. Although several studies have examined the
influence of gender on students’ spatial abilities, there has
been no research that attempts to compare the five types of
spatial skills in elementary school students based on their
gender.

B. Metaverse for Kids (MfK)

The combination of immersive Augmented Reality (AR)
and Virtual Reality (VR) into a single technology is known as
the metaverse [17]. This technology has great potential for
supporting the learning process in schools. More effective
communication, innovative and interactive learning, and thus
higher-quality learning are the benefits of utilizing metaverse
technology in learning [18]. Furthermore, the AR and VR
technologies contained in metaverse media make it easier for
students to understand abstract concepts more concretely,
making this media highly potential to support mathematics
learning in elementary schools [19]. Through metaverse
media, students can also directly engage in manipulative
activities to explore their knowledge independently.

One of the innovations in mathematics learning media at
the elementary school level is MfK. MfK is utilized by
teachers and students in geometry learning, one of which
aims to hone geometric skills. MfK learning media provides
features such as learning materials for plane shapes (2D) and
spatial shapes (3D), allowing students to study the material in
greater depth independently.

Here are the features of MfK, along with their explanations.
The primary feature of MfK is the MfK center, which serves
as an information hub and acts as a connecting point between
other spaces. The next MfK features are (1) the features of
concrete objects on spatial geometry objects (Fig. 1), (2) the
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features of the shape and characteristics of the spatial
building, and (3) the composition and decomposition features
of the spatial building (Fig. 2). The duration of using MfK for
students is 4 meetings, each lasting 35 minutes.

Fig. 1. MfK features of the shape and characteristics of the spatial building.

Fig. 2. MfK features of the composition and decomposition of the spatial
building.

These exploration activities make learning more
interesting for students. The contextual and socio-culturally
based teaching materials provided make it easier for students
to understand geometry concepts [20]. The use of learning
technology developed based on context-based materials
enhances students’ understanding of the material being
learned. A good understanding of learning in geometry
learning further improves students’ spatial abilities with the
support of AR and VR technology found in learning
media [21]. Research on the use of the metaverse as a
learning medium has shown a positive impact on students’
spatial abilities, particularly in higher education [22, 23].
However, studies on utilizing metaverse learning media to
support students’ spatial abilities in elementary schools are
still limited.

III. MATERIALS AND METHODS

A. Research Design

This study uses a quantitative approach with a
pretest—posttest design. This design is used to measure the
effectiveness of implementing Metaverse for Kids on the
spatial abilities of fifth-grade elementary school students in
Semarang City. Metaverse for Kids is a learning media
application developed by the research team in 2024 and has
undergone an initial effectiveness test. In this study, the
application, which contains flat and spatial geometric shapes,
was used by each student selected as a research sample.

B. Research Participants

The participants in this research consisted of 102
fifth-grade elementary school students from four elementary

schools in Semarang City. The selection of schools for
research was based on locations scattered throughout
Semarang City, encompassing both the central area and the
city’s outskirts. Ethical approval and participant consent
were obtained, involving elementary school students assisted
by class teachers and principals, who helped communicate
the research objectives to students’ parents regarding the
implementation of MfK for elementary school students.

The selection of schools and students was done through
simple random sampling. Each student was allowed to use
the MfK application. Through this application, students can
learn while engaging with various features that visually and
interactively support the understanding of geometric
concepts.

C. MfK Implementation

The duration of using MfK for students is 4 meetings, each
lasting 35 min. Each student utilizes MfK with guidance from
the researcher. The details of the activity protocol of the 4
meetings are as follows. The first meeting fosters good
relationships with students and introduces the tools used in
MIK, as well as its key features. The second meeting of
students using MfK focuses on the central feature of MfK,
namely, introducing various plane and solid shapes and their
characteristics through the gallery in MfK. In the third and
fourth meetings, students enter the virtual space section to
recognize various combinations of geometric shapes
provided and carry out tasks of moving, dismantling, and
rebuilding geometric shapes in the virtual space.

D. Data Collection Techniques

Research data was obtained through spatial ability tests
administered twice, namely before (pretest) and after
(posttest) the students used MfK. The spatial ability
instrument used was adapted from the Spatial Ability module
developed by an international educational organization, and
tailored to the five types of spatial abilities as stated
by Maier et al. [11, 13], namely:

1) Spatial visualization is the ability to visualize changes or
movements of parts of a shape, whether two-dimensional
or three-dimensional.

2) Spatial relational, which is the ability to understand the
arrangement and relationships between parts of an object.

3) Spatial rotation, which is the ability to rotate two- or
three-dimensional objects accurately;

4) Spatial perception, which is the ability to perceive objects
in vertical or horizontal positions;

5) Spatial orientation, which is the ability to recognize the
shape of an object when viewed from different angles.

The pretest and posttest were conducted in a controlled
classroom setting with the same amount of time allocated for
all participants. The spatial ability test was administered
twice: before and after students used Metaverse for Kids
(MfK). The spatial ability test instrument was adapted from
the Spatial Ability module developed by an international
educational organization and tailored to five types of spatial
ability: spatial visualization, spatial orientation, spatial
rotation, spatial perception, and spatial relational skills.
Before being used in the main study, the instrument was
piloted on 100 elementary school students with
characteristics similar to those of the study subjects. Item
validity was tested wusing Pearson Product-Moment
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correlation, with an r-table value of 0.1966 (o = 0.05). The
analysis showed that all items had a calculated r-value >
r-table, thus all items were deemed valid and suitable for use.

The instrument’s reliability was assessed using
Cronbach’s Alpha coefficient, yielding an o value of 0.518,
which is categorized as moderately reliable. However, this
reliability value is still acceptable for exploratory research
and the development of learning media, particularly in the
context of measuring the cognitive abilities of elementary
school students.

The spatial ability test consisted of 20 questions, each with
four multiple-choice options and a single correct answer. The
correct answer score is 1, and the incorrect answer score is 0.

E. Data Analysis Techniques

Data analysis was conducted in several stages, using
quantitative methods. First, a prerequisite test for analysis
was conducted, namely the normality test, to ensure that the
distribution of spatial ability variable data met the
assumptions of parametric analysis. However, since the
results of the prerequisite test indicated that the data were not
normally distributed, a non-parametric statistical test was
conducted to compare the pretest and posttest scores of
overall spatial abilities in order to determine the effectiveness
of using MfK.

After that, further analysis (post-hoc analysis) and
descriptive statistics were conducted to identify the types of
spatial ability that showed the most significant improvement
after using MfK. This analysis aimed to identify the five
types of spatial ability that developed the most through the
application of MfK.

To analyze the differences in students’ spatial abilities
before and after using MfK, the Wilcoxon Signed-Rank Test
was employed. In addition to testing the significance of the

differences, this study also reports effect sizes using the r
coefficient to illustrate the strength of the practical impact of
MfK implementation. Furthermore, to compare students’
spatial abilities by gender, the Mann-Whitney U Test was
used, as the data were independent and did not meet
parametric assumptions. Effect sizes were also calculated to
interpret the strength of differences between groups. To
identify the type of spatial ability that developed most after
using MfK, the Friedman Test was used, a non-parametric
test for repeated data in more than two conditions. The results
of the Friedman test were analyzed using descriptive
statistics, specifically mean ranks, to determine the
developmental level of the five types of spatial abilities. All
data analyses were conducted at a significance level of o =
0.05.

IV. RESULTS AND DISCUSSION

A. Differences in Spatial Ability before and after Using
Metaverse for Kids

Normality tests using the Kolmogorov-Smirnov and
Shapiro-Wilk tests showed that the data were not normally
distributed (p < 0.05); therefore, the analysis continued using
the Wilcoxon Signed Rank Test. The following is the
interpretation of Table 1—the Asymp. A Sig value of 0.000 <
0.05 indicates a significant difference between students’
spatial abilities before and after the implementation of
Metaverse for Kids. The positive mean rank is greater than
the negative, indicating an increase in overall spatial abilities.
Thus, the use of the MfK has a positive and significant effect
on improving the spatial abilities of fifth-grade elementary
school students.

Table 1. Wilcoxon spatial ability test results before and after using MK

Description N Mean Rank Sum of Ranks Test Statistics
Negative Ranks 17 31.53 536.00
Positive Ranks 49 34.18 1675.00
Ties 36
4 -3.819
Asymp. Sig (2-tailed) 0.000
Total 102

Data analysis using the nonparametric Wilcoxon test
yielded an effect size of » = 0.3781 in the category of the
influence of MfK use on students’ spatial ability, indicating a
moderate effect.

Descriptively, Table 2 below presents the distribution of
spatial ability data before and after the use of MfK in
fifth-grade elementary school students.

Table 2. Description of spatial ability data before and after using MfK

Description Pretest Posttest
N 102 102
Mean 6.51 6.97
Median 7.00 7.00
Standard deviation 1.91 1.84
Minimum 0 0
Maximum 9 10

The distribution of spatial abilities before and after using
M{K is shown in Fig. 3. The distribution of spatial abilities in
the pretest and posttest is relatively clustered at the middle
value. Initial spatial abilities in the pretest are more evenly
distributed in the lower part of the range, from 0 to 3,

compared to the posttest. Posttest data show a wider spread
and more clustering in the high range of values, namely 7.5
and above, compared to the pretest value. This indicates an
increase in posttest scores compared to pretest scores,
although initial and final spatial abilities tend to cluster at
high scores. In addition, the results of descriptive data
analysis showed that the spatial ability scores below the first
quartile for the pretest and posttest results were as follows:
data numbers 38, 49, 56, 133, 134, 158, and 173.

The results of this study confirm that the application of
immersive technology based on Metaverse for Kids can
significantly improve the spatial abilities of elementary
school students. This finding is in line with the results of
other studies that show that the metaverse environment
allows students to experience increased visual-spatial
abilities  through  virtual space exploration and
three-dimensional interactions [24-26]. Meta-analyses and
systematic reviews confirm that virtual technologies,
including VR and metaverse platforms, have moderate to
significant positive effects on the development of spatial
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abilities, with the most pronounced improvements in mental
rotation and spatial visualization tasks [27-29]. Further
experimental research has demonstrated that VR-based
training yields significant improvements in spatial skills,
with immersive VR outperforming desktop or 2D
environments in terms of usability, engagement, and learning
outcomes [30-32]. Meanwhile, research in the field of
neuroimaging and cognitive load reveals that VR
environments can reduce cognitive load and increase neural
efficiency during spatial tasks, making them particularly

beneficial for learners with lower initial spatial
abilities [33-35].
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Fig. 3. Distribution of spatial ability pretest (a) and posttest (b).

Many studies and research on metaverses suggest that
utilizing them offers several benefits. Learning in a VR or
metaverse environment can increase mental imagery and
spatial manipulation activities, namely, students are actively
involved in  exploring  three-dimensional  virtual
worlds [36-38], observing objects from various points of
view [39-42], improving spatial and conceptual
abilities [39, 41, 42], increasing student active involvement
and student learning motivation [40, 41, 43, 44], and
developing higher-order thinking skills such as analysis,
evaluation, creativity and problem solving [39, 42].

Metavers for kids (MfK) directly presents an immersive
three-dimensional learning environment in the form of
geometric shapes that actually exist in life, for example,
geometric shapes of blocks presented in the form of wooden
blocks that can be seen, rotated, enlarged, and moved by
students who interact virtually with the object in MfK. In the
context of spatial abilities, this process can stimulate
visual-spatial cognitive processes, including mental rotation,
spatial perception, and understanding of position relations.
Dual Coding Theory (DCT) [45] explains that processing
visual and verbal information simultaneously can improve
conceptual understanding. These individual differences in
imagination abilities and habits have important consequences
for education. Students who struggle with imagination may
have difficulty understanding other spatial concepts
concretely and may be less successful in visualizing the steps
in geometric proofs. Dual Coding Theory (DCT) provides an
analytical framework for understanding nonverbal tests and
their relationship to imaginative abilities. Nonverbal tasks
involve specific traits in the imaginary system, namely the
capacity to integrate and rearrange information. In this study,
it is associated with the capacity of imagery in the form of
spatial transformation. MfK not only provides geometric
object shapes but also includes brief explanatory texts about

the geometric objects in MfK. So, MfK allows both visual
and verbal information channels to work in synergy.

For fifth-grade elementary school students, MfK can
provide an engaging learning environment that encourages
students to be actively involved, as it helps them focus and
retain the visual information they obtain. Based on Moreno’s
Cognitive-Affective Theory of Learning, updated by
Park [46] The use of multimedia can improve cognitive
perspectives if the process also considers motivational and
affective aspects. The cognitive process that occurs when
students learn to use MfK can begin with students obtaining
appropriate information through visual channels and
directing it as needed. The information is organized into
coherent mental representations to gain meaningful
knowledge and understanding. In addition, affective
processes play a role in increasing learning motivation and
cognitive effort, acting as a driver of cognitive processes. So
MfK not only functions as a digital learning medium but also
as a cognitive learning environment that can hone spatial
abilities through interactive, contextual, and multisensory
learning experiences.

B. Comparison of Spatial Ability by Gender

Because the data were homogeneous (P > 0.05) but not
normally distributed (P < 0.05), the Mann-Whitney test was
used to compare spatial abilities between male and female
students.

Table 3. Mann—Whitney test results based on gender

Gender N  Mean Rank %lamnl?sf iliﬁlt:?;
Male 51 54.85 2797.50
Female 51 48.15 2455.50
Asymp. Sig (2-tailed) 0.242

The following is the interpretation of Table 3. The Sig
value (0.242)> 0.05 indicates that there is no significant
difference between the spatial abilities of male and female
students after using Metaverse for Kids. However, the
average spatial ability of male students was slightly higher
than that of female students, although the difference was not
statistically significant. A more detailed comparison of the
pretest and posttest results for spatial ability is provided in the
following image, with a focus on the gender of grade 5
students.

Fig. 4(a) shows that the distribution of spatial ability
before using MfK from the male and female student groups
appears relatively similar. However, there are slight
differences in the distribution and the median value. The
spatial ability of female students has a higher median value
than that of male students, as indicated by the boxplot.
However, the variation in data, as indicated by the range of
female students’ scores, appears broader than that of the male
students, as shown by the wider violin plot. This means that
the initial spatial ability of female students is more diverse,
ranging from low scores to high scores. The distribution of
scores for both groups shows that most students have initial
spatial ability scores in the range of 5 to 8, indicating a
medium level of spatial ability, before the learning
intervention with MfK.

Fig. 4(b) shows an increase in students’ spatial abilities
after using MfK, with a relatively even distribution of scores;
however, there are differences in the distribution patterns
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between the male and female student groups. In the female
group, the distribution of posttest scores tends to be
homogeneous, with the majority of scores concentrated in the
range of 6 to 9. The median value is around 7; this indicates
that most female students achieved posttest scores above
average. Meanwhile, in the male student group, the
distribution of scores appears more varied than in the female
student group. The median score for the male group is also
around 7, but the distribution of scores is wider, with some
students getting low scores of around 2 to 3. This shows that
although the average score of the male group’s spatial
abilities after using MfK is quite good, the variation in
individual scores is quite significant in the male student
group. The data distribution pattern, presented in the form of
a violin plot, tends to be normal, indicating that more than
half of the students have developed increased spatial abilities
after practicing MfK.

75
3 50
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+— 5.0 4
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25 1
0.0 A
Female Male

gender
Fig. 4. Distribution of Spatial ability among male and female students; (a).
distribution of spatial ability pretest of male and female students; (b).
distribution of spatial ability posttest (b) of male and female students.

In both Figs. 4(a) and 4(b), the female and male student
groups have opposite data distributions. At the beginning
(pre-test), the distribution of female students has a wider
distribution than the final data (post-test). However, in
contrast, the distribution of male students tends to be

centralized, symmetrical, and stable initially, but eventually
tends to spread out. The results of the descriptive analysis
revealed outlier data on the spatial ability of both pretest and
posttest for both male and female students. The outlying data
are in data numbers 38, 56, 71, 31, 32, 56, and 82. All of the
outlier data are below the first quartile.

Furthermore, the study’s results also showed that the
application of MfK in fifth-grade elementary school students
did not reveal significant differences between male and
female students. These results are consistent with the finding
that digital spatial experience-based training can reduce the
gender gap in children’s spatial abilities. Digital games and
3D modeling have been shown to improve spatial abilities for
all children. Several studies have reported that this form of
intervention can reduce gender differences, especially in
mental rotation and in children who initially have low spatial
abilities [47, 48]. This means that MfK has the potential to
become an inclusive and gender-equal learning medium.

C. Comparison of Spatial Ability Based on Type of Spatial

Ability

Spatial ability consists of the main abilities, namely (1)
spatial visualization, (2) spatial rotation, (3) spatial
orientation, (4) spatial relational, and (5) spatial perception.
Because the data is not normally distributed, the Friedman
Test is used to determine the differences between the five
types of spatial ability. Table 4 presents the results of the
Friedman test, which indicate significant differences among
the five types of spatial ability.

Table 4. Friedman test results for spatial ability types

Description Value Explanation

N 102 —
Chi-Square 173.604 —

Df 4 —
Asymp. Sig 0,000 < 0.05 (significant)

Table 5 below describes the posttest data for the five types
of spatial abilities studied. Table 5 presents descriptive
results of the spatial abilities of fifth-grade students after
using MfK, which encompasses five aspects of spatial ability:
spatial visualization, spatial relational, spatial rotation,
spatial perception, and spatial orientation. The analysis was
conducted on two groups based on gender: male and female
students, each comprising 51 fifth-grade students.

In general, the average scores indicate that both male and
female students experienced improvements in spatial abilities
after participating in Metaverse-based learning. However,
there were variations in the average differences between
genders in each spatial aspect. This is explained below.

Table 5. Description of spatial ability type data after using MfK reviewed by gender

Description gender Visﬁgzgaatlion Spatial relational Spatial rotation Spatial perception orisfnatz;lon

N Female 51 51 51 51
Male 51 51 51 51
Missing Female 0 0 0 0
Male 0 0 0 0

Mean Female 0.765 1.86 1.39 1.22 1.63

Male 0.706 1.78 1.53 1.39 1.67
Mean Female 1 1 1 2
Male 1 2 2 2

Standard Female 0.473 0.348 0.666 0.642 0.631

deviation Male 0.576 0.541 0.644 0.695 0.589
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1) Spatial visualization

The average spatial visualization ability of the female
student group (M = 0.765; SD = 0.473) was slightly higher
than that of the male group (M = 0.706; SD = 0.576). This
indicates that female students have a slightly better
visual-spatial ability in recognizing the shape and position of
objects visually after practicing with MfK.
2) Spatial relational

In spatial relational ability, the female student group also
showed a higher average (M = 1.86; SD = 0.348) compared to
the male group (M = 1.78; SD = 0.541). This means that the
female student group was better able to understand the
relationship between objects in space after practicing using
MfK.

3) Spatial rotation

The male student group has the ability to rotate and
visualize various objects in three-dimensional space. This is
supported by data in the form of an average score of spatial
rotation ability for the male student group (M=1.53;
SD=0.644), which is higher than the female student group
(M=1.39; SD=0.666). Conversely, in terms of spatial
rotational ability, students

o

&°
F

Spatial Ability Score

4) Spatial perception

It is indicated that the male student group has a different
perspective on object perception. The female student group
has a lower average score (M = 1.22; SD = 0.642) than the
male student group (M = 1.39; SD = 0.695) in spatial
perception ability.
5) Spatial orientation

In terms of spatial orientation ability, the female and male
student groups were relatively similar, as indicated by the
minor average differences. The overall data analysis
demonstrates that MfK effectively improves the spatial
abilities of fifth-grade male and female elementary school
students. However, the types of spatial abilities possessed by
the male and female students varied. Some types of spatial
abilities are higher in male students (rotational and perceptual
spatial abilities), while others are higher in female students
(visual and relational spatial abilities).

The distribution of data across the five types of spatial
abilities varies greatly, as shown in Fig. 5. Spatial relational
ability tends to cluster at high scores above 2, whereas spatial
visualization ability tends to cluster at low scores below 1.
Meanwhile, the distribution of spatial rotational and spatial
perceptual abilities is relatively similar.

T
visual spatial

relational spatial  rotational spatial perceptual spatial orientation spatial

spatial ability

Fig. 5. The distribution of posttest scores is reviewed based on the type of spatial ability.

Next, a post hoc test was conducted to determine whether
significant differences existed among the five types of spatial
abilities studied, and it was found that such differences did
exist. The ranking, from highest to lowest, is as follows:
spatial relational, spatial orientation, spatial rotation, spatial
perception, and spatial visualization.

An interesting point to discuss further is spatial relation
ability, a type of spatial ability that achieved the highest score
after students used MfK to learn geometry. Students
practiced MfK through a simulation game that combined
various geometric shapes by dismantling and reassembling
them. Through this practice of using MfK, students became
more familiar with various geometric objects in the form of
solid or flat shapes and saw the relationships between these
geometric shapes.

Additionally, the development of MfK was tailored to the
learning needs of grade 5 students during the needs analysis
stage. In 2024, students and teachers in grade 5 from the city
of Semarang, who were selected as respondents, completed a
needs analysis questionnaire. The results of the needs

analysis showed that their needs related to students’ ability to
analyze the relationship between geometric structures, so
MfK was developed. This feature was introduced to students
at the first meeting, and they were directed to identify the
similarities and differences between the geometry objects
studied. From this task, students’ experiences were formed to
see the proximity between the geometry objects studied.

The results of the study [49] show that they align with the
characteristics of MfK, indicating that a relationship between
objects and building representations can be established
through interactive 3D simulations in geometry learning,
thereby reducing misconceptions and increasing the accuracy
of spatial representations. In this regard, MfK can encourage
students to solve space-based problems and understand the
concepts of position and the relationships between various
elements in cyberspace.

However, MfK, which is a combination of AR and VR, has
not incorporated gamification elements into its practical use,
so students are still playing freely and have not been directed
to important parts that can be repeated according to their
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individual needs. According [50] Gamification is a key
element in implementing the metaverse as a learning tool.
Gamification can take the form of game mechanics, such as
the use of game levels and game dynamics, with rewards or
challenges provided to metaverse users.

This study has several limitations that should be
considered when interpreting the findings. The first
important limitation concerns differences in students’ levels
of technological familiarity. Differences in prior experience
with digital devices and 3D media can increase cognitive load
during VR navigation and thereby impair spatial learning,
mainly by making interface operation itself a demanding
extra task [51-53]. Although the Metaverse for Kids learning
environment was designed to be child-friendly, not all
students had the same prior experience in using digital
devices or interactive 3D learning media. As a result, some
students may have experienced difficulties in navigating the
virtual environment, which could have increased their
cognitive load and reduced their focus on the spatial learning
tasks. Consequently, students who were more familiar with
digital technologies may have benefited more from the
metaverse-based learning environment [54, 55], while those
with lower technological familiarity may not have fully
utilized the features provided. Future research is
recommended to more rigorously control students’
technological familiarity, for example, by providing longer
training sessions, using pre-tests of digital literacy, or
ensuring a more homogeneous level of technological
experience among participants before implementing
metaverse-based instruction.

The second limitation is the location. Research on the
implementation of metaverse learning in urban and rural
elementary schools threatens generalizability. This is because
school location is closely linked to inequalities in resources,
socioeconomic context, and learning environments.
Urban-rural/suburban disparities in infrastructure, teacher
quality, and poverty profiles are well-documented and may
translate into different learning opportunities and outcomes,
regardless of the metaverse intervention itself [52, 56-58].
However, the use of technology or applications in geometry
learning in elementary schools that already exist in Semarang
City varies greatly from simple ones, namely learning video
media, AR, and VR applications, so that researchers find it
difficult to determine a uniform technology in the control
classroom for students. This certainly has an influence on
students’ initial experience with using technology in learning
geometry from different angles, especially for students in
suburban schools and those in the middle of Semarang.

Continuous follow-up in this study requires substantial
funding, as the use of MfK necessitates expensive tools
costing up to 4-5 million rupiah. So that schools have
difficulty providing support tools for the independent
implementation of MfK. However, it is possible if it is
supported by the increased costs of school operations.

Overall, this study demonstrates that MfK is efficacious in
improving elementary school students’ spatial abilities,
particularly in relational aspects. Furthermore, the results
highlight the importance of integrating immersive
technology into the elementary school curriculum in
Indonesia, particularly in Semarang City, as it can support the
development of 2 1st-century skills, including spatial thinking,

creativity, and technological literacy.

V. CONCLUSION

The research results indicate that the practice of using MfK
for learning geometry is efficacious in improving the spatial
abilities of 5th-grade elementary school students. This is
demonstrated by an increase in students’ abilities before and
after practicing MfK. In general, there is no significant
difference in spatial abilities between male and female
student groups; however, descriptively, female students tend
to excel in spatial visualization and relational abilities, while
male students show an advantage in spatial rotation and
spatial perception abilities. Among the five types of spatial
abilities, the one that increased the most after using MfK is
relational spatial ability.

The recommendation from this study is that the use of the
metaverse for elementary school students should consider
gamification aspects, so that users can be more directed, and
it can provide a positive impact according to the needs and
development of elementary school students.
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