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1. INTRODUCTION

The concept of flat-sided geometric shapes is a difficult puzzle in learning geometry since the students
have diverse spatial abilities (Hidayat et al., 2022; Salsabilah et al., 2023). A lot of students have difficulties
constructing a mental representation of 2D and 3D geometric objects, discerning relations between sides, and
perceiving geometric properties visually and analytically (Fiantika et al., 2018). These differences are likely to
have an impact on students’ conceptual knowledge and problem-solving in geometry (Noor Muhammad et al.,
2022). Spatial ability—the ability to understand, visualize, and manipulate spatial relations between stimuli—is
one of the highest-gifted skills students can have (Chen et al.,, 2020; Dick, 1976). Enhanced spatial ability
promotes understanding and solving of math-oriented exercises (Sorby et al., 2022). The reasonable and
effective use of interactive and experiential learning methods can promote such students' study of space and
Mathematics well (Cui & Guo, 2022). In geometry, spatial ability helps the students to solve problems involving
shapes, understand transformations, and establish other relations between the elements of geometric objects
(Palobo & Juniati, 2022; Zakelj & Klancar, 2022). Students who have good spatial skills can understand the
concepts of congruence, symmetry, and rotation, while students with low spatial ability have a hard time
interpreting visual representations and solving geometric problems (Muhammad et al., 2022; Riastuti et al.,
2017).

Proficiency in knowledge of flat-sided geometrical shapes is essential for both academic performance
and practical applications (e.g., architecture, design, and engineering) (Lutfi et al., 2023). Thus, the much-needed
focus in mathematics education curricula to develop students’ spatial ability is necessary to help them with life’s
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real-world challenges necessitating geometric and spatial reasoning (Muhammad et al., 2022). Reinforcement
in this area prepares students to achieve the highest academic records and to acquire problem-solving skills for
innovation.

Children need to effectively combine two-dimensional and three-dimensional views of a shape,
mentally transform their spatial representations, and develop the ability to solve complex problems.
Nevertheless, differences in spatial ability influence the level of understanding students have (Ma’rifatin et al.,
2019; Ngirishi & Bansilal, 2019). Evidently, there is also a need for teaching methods and strategies that
emphasize the use of visuals and interactives to help students understand abstract geometry concepts (Lutfi &
Kusumastuti, 2024; Ozcakir & Cakiroglu, 2021).

Students with low spatial ability usually face difficulties in visualizing the relationship between two-
dimensional drawings and three-dimensional objects (Suprayo et al., 2023). Problems arise when it comes to
understanding multiple viewpoints, decoding pictorial representations, and imagining changes such as rotations
and reflections (Budiarto et al., 2020; Tadeo & Yoo, 2022). Limited visuospatial skill deters problem-solving in
situations that involve computation of area and volume in response to visual cues (Andriani et al., 2022; Juliana
et al., 2022). These difficulties emphasize the importance of spatial reasoning ability in geometric proficiency.

Geometry learning is facilitated by multiple dimensions of spatial ability. Maier (1991) identified five
primary components: Mental Rotation, Spatial Orientation, Visualization, Spatial Relation, and Spatial
Perception. Mental Rotation refers to the mental rotation of an object (Koustriava & Papadopoulos, 2010), an
important aspect to perceive symmetry, projection, and orientation in cubes, cuboids, pyramids, prisms, etc.
Spatial Orientation concerns understanding an object’s orientation with respect to the self (Hazen, 1983;
Stuchlik, 2003), which is crucial in recognising relations between sides, angles, and dimensions. It requires visually
manipulating representations (Manovich, 2011) so that students can make sense of dimensions such as length,
width, and height. Spatial Relation deals with the identification of the location of a side or an angle that makes
up a geometric figure (Saad et al., 2015). Finally, Spatial Perception is the aptitude to judge spatial relations
between polyshapes despite viewpoint changes (McCarthy, 1990).

These five factors are powerful drivers of successful learning in geometry (Maier, 1991). Achievement
in geometry is influenced not only by the mastery of concepts but also by students' readiness to visualize spatial
structures (Kusnadi & Barumbun, 2023; Lutfi & Jupri, 2020). While they are all well-theorized, little is known
about the role of these dimensions in discriminating among individuals with high versus low spatial abilities,
especially within flat-sided geometric shapes. Previous studies have mostly focused on the influence of spatial
ability on general geometry learning but have not made any formal statistical determination about which
dimensions effectively distinguish among student groups (Muhammad et al., 2022; Sabil et al., 2024). It is
important to understand these differences because spatial ability differences are related to differences in how
effectively and how much individuals learn. Findings like these not only provide a yardstick of student
performance but also can inform the type of instructional responses that teachers need to make. As such, it is
necessary to conduct a more thorough examination of the influence of each dimension of space on students’
ability differentiation to develop better and more inclusive teaching methods. This article uses statistical
discriminant analysis to identify the principal variables that discriminate the high and low spatial ability groups.
The discriminant analysis provides detailed classification and emphasizes the dimensions that most contribute
to the separation. That is, this research addresses the question of how much the five space-related factors—
Mental Rotation, Spatial Orientation, Visualization, Spatial Relation, and Spatial Perception—contribute to the
division of students into high and low spatial ability groups. It also describes the role of each aspect in the
mastery of flat-sided plane geometric forms.

The purposes of this study are: (1) to determine what 3-D perceptual representations play a role in
distinguishing between high and low spatial ability students; (2) to analyze the contribution of each of these 3-D
perceptual relations to geometry performance; and (3) to provide a unified approach to three-dimensional and
planar reasoning, forming instructional interventions designed to improve spatial skills for low spatial ability
students.

In principle, this study addresses the gap in knowledge regarding the role of particular spatial skills in
relation to geometrical understanding. In a more practical sense, it provides specific advice to teachers to create
adaptive learning environments appropriate for different students. Teachers can use focused interventions (e.g.,
spatial visualization activities or technology-crafted learning environments, such as AR-based applications) (Lutfi
et al., 2023) to boost the ability of students to visualize and manipulate 3D structures. Ultimately, this research
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is expected to contribute to optimizing students' learning outcomes in geometry, ensuring that students across
different spatial ability levels are better equipped to master complex spatial concepts necessary for academic
and professional success

2. MATERIAL AND METHOD
Research Design

This study employed a quantitative analysis with the discriminant method to outline specific qualities
that distinguish low and high spatial ability students. Discriminant analysis was selected as it allows classification
of people into group memberships based on predictor variables and helps determine how well spatial ability
subtests discriminate between groups. The dimensions of our spatial ability are based on the model of Maier
(1991) and can be distinguished into five dimensions (see Figure 1): Mental Rotation, Spatial Orientation,
Visualization, Spatial Relation and Spatial Perception.

Visualization
. The capacity to imagine . .
Mental Rotation changes in object structure or Spatial Relations
position.
The skill of rotating mental Understanding and analyzing
representations to view from spatial relationships between

different angles. objects.

Spatial
Perception

Spatial
Orientation
Determining one's position in

space using visual and
environmental cues.

The ability to recognize object
orientation in space despite
distractions.

Figure 1. Spatial Ability Aspects (Maier, 1991)

Participants

The respondents of study consisted of 34 ninth-grade students of a junior high school in Tangerang
Regency. The purposive sampling was used to select the participants of which their mathematics topic on flat-
sided geometric shapes had been covered thoroughly. A high and a low spatial ability group was formed
depending on the average mathematics scores of the participants (high spatial ability: = 75 and low spatial
ability: < 75). The 75 cut-off score was set based on norms defined by the classroom teacher.

Instrumentation
The study instrument was a spatial ability test focused on five components of spatial ability according to

the framework of Maier (1991). All subjects took an examination (providing responses to five items with essay
format) on each of the five dimensions, about Mental Rotation, Spatial Orientation, Visualization, Spatial Relation
and Spatial Perception. Items were constructed in a principled way to be consistent with the cognitive stress of flat-
side geometric shape concepts. Expert validity of the instrument was confirmed by two experts, one in geometry
education and another in evaluation of learning. Changes were guided by expert input in the clarity, relevance, and
appropriateness of the items for the revised test.

Data Collection

Data collection began with the administration of the validated spatial ability test to all participating
students. Additionally, the students’ average mathematics scores were collected to facilitate grouping based on
spatial ability levels. After data collection, students were classified into the high and low spatial ability groups
according to their mathematics scores, following the predetermined cutoff score of 75. An overview of the
research stages conducted from beginning to end is summarized in Figure 2.
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Research

FTETETELER Data Collection

Data Analysis

Initial planning

and setup for Gathering data
research through various  Analyzing data
methods to find patterns Drawing
and insights conclusions
and
implications

from analysis

Figure 2. Research Stages

Data Analysis

The collected data was checked to ensure completeness and suitability. Figure 3 fully explains the stages
of data analysis using discriminant analysis. Discriminant analysis assumption tests are carried out to ensure the
validity of the model, including data normality test, covariance matrix similarity test, and multicollinearity test.
After the assumptions are met, discriminant analysis is carried out to build a discriminant function that aims to
identify differentiating factors between groups of students with low and high spatial abilities. This discriminant
function is evaluated through measuring classification accuracy and statistical significance tests using Wilks'
Lambda.

Discriminant
Analysis

Data Preparation

Assumption Test

Model Evaluation
Figure 3. Stages of Discriminant Analysis

3. RESULTS
Assumption Test

Prior to the actual analysis, which is discriminant analysis, the assumption test should be performed
first. This assumption check confirms that the data meet the required assumptions for using a statistical
procedure. There are several assumptions to be checked in discriminant analysis, such as the Normality Test,
Multicollinearity Test, and Covariance Matrix Equality Test. By verifying that these assumptions are met, spurious
inferences are avoided, and the main results will be accurate and reliable. It is therefore important to check for
assumptions before the application of discriminant analysis, to make sure that the selected technique is
consistent with the nature of the available data.

Normality Test

Normality is important in discriminant analysis because departures from this requirement can lead to
invalid predictions or improper classification. As a result, verifying the normality of the data is necessary prior to
conducting the main analysis to improve the accuracy and reliability of the discriminant analysis model, such
that the results in this study are more valid and acceptable.
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Table 1. Normality Test Using One-Sample Kolmogorov-Smirnov Test
Unstandardized

Residual
N 34
Mean 0.0000000
N P ters P
ormatrarameters Std. Deviation 0.12533289
Test Statistics 0.092
Asymp. Sig. (2-tailed) 0.200

It can be seen from Table 1 that the number of samples taken is 34 (the sample size is based on the
results of the Normality Test using the Kolmogorov-Smirnov test). The mean of the residual data distribution is
0, and the standard deviation is 0.1253. The Kolmogorov-Smirnov test statistic of 0.092 produces a p-value
(Asymp. Sig. 2-tailed) of 0.200. At a significance level of a = 0.05, a p-value larger than this level implies that
there is not enough evidence to reject the null hypothesis (Ho). Therefore, based on the normal probability plots
and the Kolmogorov-Smirnov test, it can be assumed that the residual data are normally distributed. Given the
satisfaction of the normality assumption, the residualized data can be analyzed accordingly, namely using
Discriminant Analysis.

Multicollinearity Test

Multicollinearity is detrimental to discriminant analysis, as it can render discriminant coefficients
unstable and uninterpretable. Itis noted that a multicollinearity should be detected and solved prior to the main
analysis, the discriminant coefficients derived will become more precise and meaningful.

1.0
Spatial Perception
0.8
Visualization - 0.20

-0.6

Mental Rotation - 0.31 0.10 -0.4
Spatial Relation j 0-2
0.0

Spatial Orientation

Figure 4. Multicollinearity Test for Discriminant Analysis

In statistical analysis, when the correlation between variables is over 0.7 or 0.8, it is considered to cause
multicollinearity (Kim, 2019). We have shown in Figure 4 that none of the pairs of variables have a correlation
that is close to or higher than this threshold. For instance, Spatial Perception and Visualization are correlated at
0.20. Spatial Visualization and Mental Rotation are correlated at 0.31. This shows that the variables in the
analysis do not have a perfect linear relationship, while there is little possibility of multicollinearity. "On the
average," however, relationships between many items are very feeble or near zero, examples being the
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correlations between Spatial Perception and Spatial Orientation (-0.02) or Visualization and Spatial Relation (-
0.01). This increases the separateness of the independent variables in the model.

Covariance Matrix Equality Test

The equality of covariance matrix test is important in discriminant analysis for the equal variance of
groups. When this assumption is not met, the resulting analytical results can be seriously affected, such as low
classification accuracy, unstable coefficient estimates, and biased hypothesis tests. So, this test should be
carried out in advance and other methods should be considered if the assumption can not be met.

Table 2. Covariance-covariance Equality Test

Box's M 7.211
Approx. 1,076

r dfl 6
df2 6330.831

Sig. 0.374

In Table 2, the p-value of 0.374 is greater than 0.05; therefore, the null hypothesis cannot be rejected.
This indicates that there is insufficient evidence to suggest that the population covariance matrices differ
between groups. Accordingly, the assumption of equality of covariance matrices holds, and thus, discriminant
analysis can be performed without violating this assumption.

Descriptive Analysis
Comparison of Spatial Ability Aspects
Low Spatial Ability
| I | High Spatial Ability
80
60
I
(o]
O
w
[
3
= 40
20
0 Spatial Perception Visualization Mental Rotation Spatial Relation Spatial Orientation

Figure 5. Comparison of Aspects in Spatial Ability Descriptively

Figure 5 reveals a comparison of the average scores of the spatial ability subtests between the Low
Spatial Ability and High Spatial Ability groups across five categories: Spatial Perception, Visualization, Mental
Rotation, Spatial Relation, and Spatial Orientation. Overall, the High Spatial Ability group achieved a higher
mean score in each factor compared to the Low Spatial Ability group. The clearest discrepancies were observed
in the aspects of Visualization and Spatial Relation, where the High Spatial Ability group outperformed
significantly.

Spatial Relation thinking is considered more difficult than Mental Rotation or Spatial Orientation, as it
involves imagination and, more abstractly, the appreciation of relationships between shapes that may be less
evident or less elementary. The graphical error bars represent the standard deviation of each group, indicating
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the extent of score dispersion. A lower standard deviation in the Low Spatial Ability group suggests that the
scores in this group were more clustered compared to the High Spatial Ability group. This bar graph effectively
illustrates the remarkable spatial distinction between the two groups.

Descriminant Analysis
Table 3. Test of Mean Differences of Variables in Groups
Wilks' Lambda F dfl df2 Sig.
Spatial_Perception 216 116,398 1 32 .000
Visualization .140 196,706 1 32 .000
Mental_Rotation .963 1.218 1 32 .278
Spatial_Relation .167 159,856 1 32 .000
Spatial_Orientation .909 3.202 1 32 .083

In Table 3, the Test of Equality of Group Means analysis for testing the difference between the means of
variables between groups is presented. This test—based on the Wilks’ Lambda statistic and the F-test—indicates
whether the groups are significantly different from one another. A smaller Wilks’ Lambda value suggests that the
tested variable is superior for distinguishing individual inter-group differences and, particularly, overall in-group
differences, thus improving the performance of the discriminant model classification. In this case, a low Lambda
value can mean that variables are better at discriminating between groups of students with different spatial
abilities.

For Spatial Perception, Wilks’ Lambda = 0.216, F(3, 243) = 116.398, and Sig. = 0.000, indicating a very
significant difference between the groups for this variable. For Visualization, the Wilks' Lambda value is 0.140,
the F value is 196.706, and the significance is 0.000, showing a highly significant difference between groups. In
the case of Mental Rotation, A =0.963, F=1.218, and p = 0.278. Because the p-value is greater than 0.05, there
is no significant difference for this variable between the groups. For Spatial Relation, the Wilks' Lambda value is
0.167, the F value is 159.856, and it is statistically significant at the 0.000 level, hence there is a significant
difference among the groups. Lastly, for Spatial Orientation, the Wilks' Lambda value is 0.909, the F value is
3.202, and the level of significance is 0.083, which means that no statistically significant difference exists
between groups for this variable.

Mental Rotation and Spatial Orientation were not significant in the discriminant function since they
either lack the ability to clearly distinguish groups in terms of spatial ability, have similar variance between
groups, or their effect is confounded with other more important variables such as Spatial Perception and
Visualization. In other words, these covariates or statistical methods may have been underestimated or
inappropriate for improved group discrimination.

In summary, these findings show that variables such as Spatial Perception, Visualization, and Spatial
Relation significantly differentiate groups, whereas Mental Rotation and Spatial Orientation are not significant.
These results may be useful in estimating which features contribute most to group differences in discriminant
analysis.

Table 4. Variables Entered/Removeed
Min. D Squared

Step Entered Statistic Exact F
Statistic dfl df2 Sig.
1 Visualization 23.467 196.706 1 32.000 3.241E-15
2 Spatial_Relation 43.080 174.913 2 31.000 1.303E-17
3 Spatial_Perception 53.321 139.674 3 30.000 1.023E-17

The discriminant analysis results, showing the steps of identifying significant variables to discriminate
between the Low Spatial Ability and High Spatial Ability groups, are presented in Table 4. This comparison is
conducted based on the Mahalanobis Distance, which measures how much a variable separates the two groups,
and Sig., which tests the significance of the difference.
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The Visualization variable enters the model at Step 1, with a Mahalanobis Distance of 23.467 and an F
value of 196.706 (df; = 1, df> = 32, Sig. = 3.241 x 107*). This finding indicates that Visualization is very important
in differentiating the two groups. In Step 2, the Spatial Relation variable is introduced into the model
(Mahalanobis Distance = 43.080, F = 174.913; df; = 2, df; = 31, Sig. = 1.303 x 107"), suggesting its major
contribution to group discrimination after Visualization. In Step 3, Spatial Perception as a predictor is added, with
a Mahalanobis Distance of 53.321 and F= 139.674 (df; = 3, dfz = 30, Sig. =1.023 x 107™"), helping to complete the
model and increasing the group difference.

Visualization stands as the most important of all variables in this discriminant analysis, as it is critical for
the mental rotation of three-dimensional figures and serves as a cornerstone of geometric learning, especially
with flat-sided geometric figures. Students' visualization of geometric objects and their spatial relationships is
also a key factor that acts as a sieve for distinguishing students with high and low spatial abilities.

Overall, these findings suggest a progressive and significant contribution of the three dimensions—
Visualization, Spatial Relation, and Spatial Perception—in discriminating between the two groups. Visualization
has the greatest standardized mean, followed by Spatial Relation, and then Spatial Perception. Other variables
were excluded from the model because their effects were not significant enough to improve group distinction.
This analysis is important because it offers insight into the variables that affect differences in spatial ability
between groups

Table 5. Variables in the Analysis

Step Tolerance F to Remove  Min. D Squared
1 Visualization 1.000 196.706

5 Visualization 1.000 32.519 19.071

Spatial_Relation 1.000 22.284 23.467

Visualization .961 13.186 35.875

3 Spatial_Relation .993 18.573 31.473

Spatial_Perception .955 6.551 43.080

Table 6. Variables Not in the Analysis

Step Tolerance  Min. Tolerance  F to Enter Min. D Squared
Spatial_Perception 1,000 1,000 116.398 13.886
Visualization 1.000 1.000 196.706 23.467
0 Mental_Rotation 1.000 1.000 1.218 .145
Spatial_Relation 1.000 1.000 159.856 19.071
Spatial_Orientation 1.000 1.000 3.202 .382
Spatial_Perception 961 961 9.096 31.473
1 Mental_Rotation .990 .990 .010 23.476
Spatial_Relation 1.000 1.000 22.284 43.080
Spatial_Orientation .969 .969 .067 23.526
Spatial_Perception .955 .955 6.551 53.321
2 Mental_Rotation .955 .955 .571 43.973
Spatial_Orientation .935 .935 221 43.426
3 Mental_Rotation .856 .856 2.207 57,670
Spatial_Orientation .930 927 .355 54,020

To facilitate interpretation, Table 5 presents the contents of the discriminant analysis at each step and
the contributions of High and Low Spatial Ability to the separation of the groups. In Step 1, Visualization is
included in the first term since it has the strongest discriminatory power between the groups. With a value of
196.706 and a Min. D Squared value of 19.071, this variable shows good discriminating power. At Step 2, Spatial
Relation is included in the model and makes another significant contribution, with an F to Remove value of
22.284 and a Min. D Squared value of 23.467. Both Visualization and Spatial Relation contribute to increasing
group separation. In Step 3, Spatial Perception is added last. This predictor variable has an F to Remove value of
6.551 and a Min. D Squared value of 43.080, indicating a substantial further contribution to the discriminant
model. The high values of tolerance for each independent variable (all above 0.95) suggest the absence of serious
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multicollinearity between the variables included in the model. In general, the Visualization variable was the
most important distinguishing factor between the groups, followed by Spatial Relation and Spatial Perception.
These three factors contributed cumulatively to the optimal discriminant model. The other variables were
excluded because their unadjusted associations were not sufficiently strong for inclusion. These findings point
out that Visualization, Spatial Relation, and Spatial Perception are the nearly significant factors for distinguishing
spatial abilities among groups.

For each step, Table 6 lists the variables along with the contributions that might have been made if they
had been included in the discriminant analysis. The table presents Tolerance, F to Enter, Min. D Squared, and
between-group differences for each variable. At Step 0 (before analysis), Visualization had the highest F to Enter
value (196.706) and the largest Min. D Squared value (23.467), making this variable the most contributive to the
separation of the groups. The factor Spatial Relation was also strongly significant (F to Enter = 159.856, Min. D
Squared =19.071), while Mental Rotation and Spatial Orientation presented very low scores, indicating that both
hardly contributed. At Step 1, once Visualization was entered, the variable Spatial Relation emerged as the next
appropriate variable to be entered into the model, with an F to Enter value of 22.284 and a Min. D Squared of
43.080, thus contributing significantly more to the difference between groups. At Step 2, after Spatial Relation
was inserted, the Spatial Perception variable entered as the next greatest predictor, with an F to Enter value of
6.551 corresponding to a Min. D Squared of 53.321. The other remaining variables, such as Mental Rotation and
Spatial Orientation, continued to contribute little, having low F to Enter and Min. D Squared values. At Step 3,
when Visualization, Spatial Relation, and Spatial Perception were entered, additional variables such as Mental
Rotation and Spatial Orientation continued to be non-significant for inclusion, maintaining very low F to Enter
values. Overall, these findings confirm that the constructs Visualization, Spatial Relation, and Spatial Perception
are the most discriminant between the groups, whereas Mental Rotation and Spatial Orientation do not
materially increase the discriminant ability of the model. This suggests that these three main variables must be
emphasized when conducting discriminant analysis to differentiate the Low Spatial Ability and High Spatial Ability
groups.

Table 7. Wilks’ Lambda

Number of Exact F
Step Variables lambda  dfi df2  df3 Statistic dfl df2 Sig.
1 1 .140 1 1 32 196.706 1 32.000 .000
2 2 .081 2 1 32 174.913 2 31.000 .000
3 3 .067 3 1 32 139.674 3 30.000 .000

The results of the test of how well the variables in the discriminant model distinguish between the Low
Spatial Ability and High Spatial Ability groups are presented in Table 7. The smaller the value of Wilks' Lambda,
the better the discriminant model is at separating the groups, and the Sig. value indicates whether the
performance is statistically significant. A decrease in the Wilks’ Lambda values for the three predictors
(Visualization, Spatial Relation, and Spatial Perception) indicates that these predictors add value to the capability
of the model to differentiate between groups, making group differentiation more transparent. The lower the
Lambda value, the better the model separates the groups.

At Step 1, only one predictor is introduced into the model, namely Visualization. The Wilks' Lambda for
this variable is 0.140, suggesting that this variable significantly contributes toward the differentiation of the
groups. The F statistic = 196.706, df; = 1, df> = 32, p = 0.000, thus the result is extremely significant. At Step 2,
two predictors are entered, Visualization and Spatial Relation. The value of Wilks' Lambda is gradually reduced
to 0.081, implying that the model is improved by the introduction of the Spatial Relation variable in its power to
discriminate the two groups. The F statistic value is 174.913 (df; = 2, df> = 31, Sig. = 0.000), and the statistical
significance remains constant. At Step 3, Visualization, Spatial Relation, and Spatial Perception are included in
the model. The value of Wilks' Lambda decreases further to 0.067, indicating that the model with these three
variables has the best ability to differentiate between the groups. The F value is 139.674 (df; =3, df2 =30, p =
0.000), which is still highly significant. In general conclusion, the discriminant model gains more ability to
separate the groups with the inclusion of each variable. All three input predictors — Visualization, Spatial Relation,
and Spatial Perception—are significant at p < 0.05 in the model, with Visualization providing the most original
input. The small Wilks' Lambda values and consistently very high significance at every step prove that the model
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is highly effective in differentiating between the two groups. To discriminate among students in terms of spatial
variables (Spatial Perception, Visualization, and Spatial Relation), discriminant scores are computed using the
discriminant function. These scores are generated with discriminant equations, where the coefficient of each
variable indicates how much the variable contributes to the discrimination. Discriminant scores are then
calculated, and students are classified into categories (High Spatial Ability or Low Spatial Ability) depending on
their scores.

The discriminant function coefficients for the factors in the model are provided in Table 8. A
discriminant function separating the Low and High Spatial Ability groups was formulated based on these
weights. The obtained discriminant function is a linear combination of significant variables, with corresponding
coefficients representing the contribution of each variable.

Table 8. Canonical Discriminant Function Coefficients

Function

1

Spatial_Perception 121
Visualization .170
Spatial_Relation .195
(Constant) -37,219

Unstandardized coefficients

The coefficient for the variable Spatial Perception is 0.121, which is positive, meaning that this variable
positively contributes to discrimination between the two groups, although its contribution is smaller compared
to other independent variables. The Visualization variable has a coefficient of 0.170, indicating that it
contributes more to distinguishing the groups than Spatial Perception. This conclusion is consistent with previous
findings, where Visualization was identified as an extremely significant variable. Meanwhile, the Spatial Relation
variable has the largest coefficient, 0.195, which means it makes the greatest contribution to group separation
in the discriminant analysis. The constant in the discriminant function is -37.219, indicating that the discriminant
function can correctly compute a discriminant score for each individual based on the values of the independent
variables.

Thus, the discriminant function is defined as:

D =0.121(Spatial Perception) + 0.170(Visualization) + 0.195(Spatial Relation) — 37.219

The D scores produced from this function are subsequently employed to classify each participant into
either the Low Spatial Ability or High Spatial Ability category. Larger beta coefficients on the variables suggest
that these variables contribute more significantly to separating the two groups; therefore, Spatial Relation and
Visualization are considered the primary variables in the discriminant model.

Table 9. Function at Group Centroids

Spatial_Ability Lt'o;
Low Spatial Ability -3.222
High Spatial Ability 4,081

Table 9 presents the centroid values of the discriminant function for the Low Spatial Ability and High
Spatial Ability groups. These values represent the mean discriminant scores for each group and are referred to
when classifying individuals into a specific group based on their discriminant score. The centroid value is used
as a threshold to categorize students according to their proximity to the centroid value. Students are assigned
to the group with the closest centroid value (either Low Spatial Ability or High Spatial Ability) based on their
previously obtained discriminant scores.

The centroid value of -3.222 for the Low Spatial Ability group means that the group's average
discriminant score is located on the negative side of the discriminant function. For the High Spatial Ability group,
the centroid value is 4.081, indicating that the average discriminant score for this group is located on the positive
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side of the discriminant function. The discriminant score of an individual determines the classification
procedure. If a person’s discriminant score is closer to the centroid of the Low Spatial Ability group (-3.222) than
to that of the High Spatial Ability group (4.081), the individual will be classified into the Low Spatial Ability group.
Conversely, if the discriminant score is closer to the centroid of the High Spatial Ability group (4.081), the person
will be classified into the High Spatial Ability group.

Table 10. Eigenvalues

Function Eigenvalue % of Variance Canomc.al
Correlation
1 13,967 100.0 966

Table 10 shows the strength of the discriminant function that was applied in the analysis to classify the
Low Spatial Ability and High Spatial Ability groups. A few facts about this table are as follows. The Eigenvalue is
13.967, meaning the discriminant function is extremely powerful in discriminating among the groups. A higher
eigenvalue is an indicator of a more powerful discriminant function. In terms of % of Variance and Cumulative
%, 100% of the variance in the data is explained by the first discriminant function. This suggests that the function
is already well-tuned to differentiate between groups, and there is no need to add more functions to refine the
model. The Canonical Correlation is 0.966, indicating an extremely strong relationship between the discriminant
scores derived from the function and the true group membership. A correlation value near 1 means that the
discriminating function is highly effective in separating the groups.

The larger the eigenvalue, the better the discriminant function in discriminating between groups,
reflecting a higher explanation of variance between rather than within groups. A larger distance between groups
indicates better performance of the model in the classification of students according to their spatial ability. This
is important because the better the classes are separated, the higher the classification accuracy that can be
obtained by the discriminant analysis model. Taken together, these findings show that the resulting discriminant
function is quite robust and successful in discriminating between the Low Spatial Ability and High Spatial Ability
groups. The high eigenvalue and canonical correlation indicate that the discriminant model is indeed reliable in
classifying individuals based on the variation in spatial variables. A synergistic effect in terms of both
discrimination power and face validity is achieved by combining these findings.

4. DISCUSSION

According to the discriminant analysis results, some of the variables seemed to be very important in the
differentiation between the High and Low Spatial Ability groups of students. The significance values for Spatial
Perception (p = 0.000), Visualization (p = 0.000), and Spatial Relation (p = 0.000) were very high, meaning that all
these three variables were highly significant in differentiating between the groups in terms of measured spatial
ability. This result implies that the ability to comprehend the position and direction of objects, the ability to form
an image of an object, and the ability to orient in space play an important role in understanding flat-sided
geometric shapes. The two other predictors, however, Mental Rotation (p = 0.278) and Spatial Orientation (p =
0.083), did not contribute significantly to this discriminant model.

The findings also suggest that the factors of Visualization, Spatial Relation, and Spatial Perception are
able to discriminate the Low Spatial Ability and High Spatial Ability groups effectively. Of these, the largest model
coefficient is assigned to the Spatial Relation variable, with Visualization and Spatial Perception coming next,
indicating that mastering the ability to comprehend space relationships and visualize is crucial in determining the
order of individual spatial abilities. These findings have important implications for designing effective learning
strategies and interventions aimed at enhancing students’ spatial abilities, especially in geometry learning.

Visualization as a Differentiating Aspect in Student Groups

Visualization involves the highest level of contribution to the discriminant model obtained in the
discriminant analysis, with a Wilks' Lambda value of 0.140 and an F value of 196.706. Visualization is fundamental
to geometry instruction in general, and to learning about flat-sided figures in particular. This skill empowers
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students to operate numbers in their minds, to understand spatial relations, and to perceive geometric
transformations, all of which are essential to understanding geometric concepts (Kurnia & Hidayati, 2022; Lutfi
et al., 2024). There is abundant evidence that the ability to visually image is highly correlated with success in
studying geometry. For example, studies conducted by Prayitno (2020) and Zakelj & Klancar (2022) concluded
that students performing visualization activities tend to achieve a greater level of understanding of geometrical
properties and relations. These studies also indicated that when students actively focus on mental visualization
actions, it facilitates their understanding of concepts such as congruence, similarity, and symmetry. Furthermore,
results of the present analysis highlighted the benefits of visualization, in combination with spatial relation and
spatial perception, as having the most drasticimpact in distinguishing between students with low and high spatial
ability. This suggests that developing visualization abilities may result in better outcomes in geometry instruction
(Novita et al., 2018; Zakelj & Klancar, 2022). In addition, research evidence supports the construction of teaching
strategies that enhance visualization. For instance, Anwar & Juandi (2020) and Sumarni & Prayitno (2016) argue
that students who can visualize geometrical concepts are better prepared to solve problems and associate them
with other areas of mathematics.

Spatial Relation as a Differentiating Aspect in Student Groups

Spatial Relation is a critical feature that divides student groups according to spatial abilities. Spatial
relation is important in geometry learning for the visual recognition of patterns, the relative positions of elements
in a geometric shape, and the relationships between points, lines, and planes in flat-sided geometric objects. For
example, for students working out the surface area or volume of a pyramid, it is crucial to understand where
shapes are located relative to one another. They must know how the cross-sections of a pyramid are transformed
by slicing the figure either horizontally or vertically. Without an intuitive sense of space and shape, students may
find it difficult to mentally visualize the new shapes created by these cuts. Spatial relation abilities allow students
to recognize how elements of a figure—such as edges, faces, or diagonals—are connected, which is essential for
solving a variety of geometric problems, such as computing area, volume, and structural properties of
geometrical figures. Furthermore, the ability of spatial relation helps students to imagine changes in the
orientation or position of a geometric figure when subjected to manipulations such as rotation, shift, or
projection (Benelli et al., 2001; Chen et al., 2020). Skills in this area form the basis for understanding geometric
transformations and solving three-dimensional representations from different perspectives. When studying
shapes with flat sides, such as cubes, rectangular prisms, and pyramids, spatial relation also facilitates students
in visualizing parallelism and perpendicularity between planes and edges.

Several studies emphasize the importance of spatial relation in geometry teaching. Research by Liu et
al. (2022) demonstrates that students developing an understanding of spatial relationships can benefit from
spatial manipulation using physical models or interactive geometry software. Similarly, Battista et al. (2018) and
Handayani (2023) indicated that exercises with a spatial relation theme can enhance students’ problem-solving
ability on solid figures. Gémez-Tone et al. (2021) stated that spatial relation training activities, such as
constructing three-dimensional shapes and drawing their projections, are effective interventions for improving
students' understanding of geometric concepts. To foster students' spatial relation skills, teachers can apply
several teaching approaches, including the use of physical teaching aids like three-dimensional models that allow
tangible exploration of spatial relationships. Additionally, interactive technology-based learning tools such as
dynamic geometry software (e.g., GeoGebra) have been found to be effective in helping learners visualize and
dynamically manipulate spatial relationships (Girma, 2015).

Spatial Perception as a Differentiating Aspect in Student Groups

Spatial Perception is the last dimension that separates the student groups. Spatial perception is
particularly crucial in the learning of geometry, as even when working with flat-sided shapes, students must
recognize these shapes not only for what they are, but also as three-dimensional objects with depth. This
capability enables students to mentally visualize three-dimensional objects from two-dimensional
representations, such as diagrams or illustrations typically found in textbooks. Spatial perception, in conjunction
with flat-sided geometry, allows learners to comprehend the shape, size, position, and relationships among the
components of a geometric figure. Students with well-developed spatial thinking can envision objects, imagining,
for example, how a geometric figure would appear if rotated or partially sliced, thus equipping them to better
understand concepts such as volume, surface area, and the interconnectedness of different elements of a figure.
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The results of this study confirm that strength in spatial perception has a positive influence on geometry
learning, as indicated statistically by a Wilks' Lambda value of 0.216, an F-value of 116.398, and a significance
level of 0.000. Supporting studies, such as Riastuti et al. (2017), observed that students who engaged in activities
manipulating geometric objects exhibited enhanced comprehension of three-dimensional geometric concepts.
Similarly, Owens and Clements (1998) emphasized the importance of spatial perception for solving geometric
problems involving mental operations such as cutting and fitting, for instance in determining the location of
points within prisms or calculating the surface area of complex pyramids. Spatial reasoning can be nurtured
through various methods, including the use of visualization-based technologies, direct manipulation using
physical models, and activities that involve the construction of three-dimensional structures (Ramesh, 2018).
These findings provide direct evidence that Visualization, Spatial Relation, and Spatial Perception are
fundamental cognitive components underlying the development of higher-order tasks such as mathematical
reasoning and spatial understanding (Hodgkiss, 2019; Judd & Klingberg, 2021; Yu et al., 2022). Further research
is warranted to explore and enhance these abilities through innovative instructional designs and practices, as
well as to examine their broader impact on students’ success in geometry learning. Consequently, it is important
to identify and implement strategies that not only increase student engagement but also foster a profound
understanding and mastery of geometric concepts, differentiating approaches according to the varying
capabilities of different student groups.

Through distinguishing a Low Spatial Ability and High Spatial Ability group, teachers can provide
intervention with learners as needed for the development of spatial skills. Spatial interventions for low ability
students might include drawing or manipulating geometric figures of different sizes in the plane (by hand or using
digital geometry tools, such as GeoGebra). These experiences help students to develop a deeper understanding
of the relationship between the components of an object and to visualize the object mentally. Besides,
Augmented Reality learning can also be incorporated in three-dimensional geometry learning where interactive
experience would allow students to see, feel, and interact with 3D geometrical objects directly, which improves
the spatial relation skills. Online resources and virtual manipulatives that are integrated in online curricula can
also create opportunities for students to manipulate and investigate relationships between geometric objects.
In addition, through a personalized teaching method, teachers can provide more personal instruction to students
with lower spatial skills, such as showing examples of geometry projections and arrangements through stepwise
illustrations. On the other hand, teachers may provide students with high spatial ability with more sophisticated
geometry problems or with high-level spatial analysis tasks. It is such instruction that creates a more responsive,
personalized, and predictive approach to learning that meets the needs of all students.

Even though this research investigated the relationships of the Visualization, Spatial Relation, and
Spatial Perception variables for the measure of the participants’ spatial ability, other factors that might have
affected spatial ability, such as prior knowledge, economic status, and educational background, were not
completely controlled. These contingencies could have had a major impact on the results of the study. For
example, students who have had early geometry activities are more likely to do well on spatial tasks, even if their
inherent spatial ability is relatively low. Likewise, students who are better prepared academically or who have
had more opportunities to learn may adjust more easily to geometry materials regardless of their natural spatial
ability. The socioeconomic status might influence the accessibility of educational resources (penchants towards
visual information contents, such as supplementary reading materials, computer-based learning applications
such as geometric software applications, or AR-based applications), and in this regard, promote or impede spatial
development of children.

In addition, there were limitations to the sample size and diversity. Small or non-representative samples
may limit the generalizability of findings to students with varied educational and socioeconomic backgrounds.
This restriction might lead to bias and limit the external validity of the study. To further investigate these issues
in future research, control variables including prior knowledge and SES should be entered into the model to
differentiate the vestigial influences of Visualization, Spatial Relation, and Spatial Perception on spatial ability.
Innovative statistical methods, such as ANCOVA (Analysis of Covariance), could be used to adjust for such
confounding variables. Moreover, future research should work with larger, more heterogeneous samples to
increase the representativeness of students with different education and socioeconomic backgrounds.
Longitudinal designs are also recommended to investigate the development of spatial abilities and how external
variables may mediate this development.
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5. CONCLUSION

In daily learning activities, teachers can promote students' spatial abilities through visualization
exercises, three-dimensional models, and interactive technologies, such as geometry software, which can be
easily integrated into their teaching practice. These and similar techniques strengthen students' capacity for
learning geometric ideas and prepare them to become logical, analytical, and creative thinkers, skills that are
critical for solving problems in the real world. Thus, working mathematically has a significant role in how
students come to understand flat-sided plane geometric shapes. The results of this study highlight that spatial
visualization, spatial relation, and spatial perception are the key skills that discriminate groups of students
according to differences in spatial ability. Discriminant analysis found that these variables do significantly
distinguish between students deemed as having “Low Spatial Ability” and those classified as “High Spatial
Ability.” With the largest coefficient for the spatial relation variable, the result underscores the importance of
learning spatial relations to achieve academic success, especially in learning geometry, even though it is the
preference of the thirteen students.
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