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Abstract: This study aims to describe students’ spatial-visual ability profiles 

across different levels of mathematics achievement, examine differences among 

high-, medium-, and low-achievement groups, and identify the spatial-ability 

dimension that most clearly distinguishes these groups. This mixed-methods 

study employed a sequential explanatory design involving 65 eleventh-grade 

students selected through purposive sampling. Quantitative data were collected 

using a spatial-visual ability test and analyzed using descriptive statistics, the 

Kruskal–Wallis test, effect size estimation, and pairwise comparisons with 

Bonferroni correction. Qualitative data were obtained through questionnaires and 

semi-structured interviews with nine students selected using maximum variation 

sampling and were analyzed thematically. The results showed that students in the 

high- and medium-achievement groups obtained nearly identical mean scores 

(76.08 and 76.19, respectively), whereas the low-achievement group obtained a 

substantially lower mean score (39.40). The Kruskal–Wallis test revealed 

significant differences among the three groups, H(2) = 13.768, p = .001, with a 

medium effect size (ε² = .190). Pairwise comparisons showed significant 

differences between the low- and high-achievement groups (p = .014) and 

between the low- and medium-achievement groups (p = .003), but not between 

the high- and medium-achievement groups (p = .913). Spatial visualization 

emerged as the most distinctive dimension, particularly in multi-step 

transformation tasks. These findings contribute to mathematics education by 

demonstrating that achievement-based grouping may mask distinct spatial-visual 

ability profiles. 
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Introduction 

Transformation is a core topic in school mathematics because it requires students to 

coordinate symbolic rules with spatial-visual reasoning. Unlike conventional plane or solid 

geometry, transformation tasks require learners to mentally track changes in position, 

direction, orientation, and scale through one or more operations. This dynamic and abstract 

character makes spatial-visual reasoning central to understanding higher-order geometric 

concepts and solving transformation problems. Geometric transformation (translation, 

reflection, rotation, dilation) is a one-to-one mapping on a plane (Nurwita et al., 2025; 

Thomas, 1976). Students often experience difficulty determining rotation direction and angle, 

locating reflected points, interpreting coordinate changes, and completing multi-step 

transformation compositions (Hafizh & Kusno, 2025). These difficulties appear in orientation 

errors, inaccurate point placement, and the use of procedures without conceptual 

understanding. 
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These difficulties are closely related to students' ability to process visual and spatial 

information. Although students with visual learning preferences need visual representations 

(Oktaviana et al., 2022), and visual, auditory, and kinesthetic learning styles are related to 

mathematics learning outcomes (Khoirunnisa & Iba, 2022), learning-style explanations alone 

are insufficient. Geometric transformation specifically requires spatial-visual ability, namely 

the ability to understand, represent, and mentally manipulate spatial information. 

Geometry, particularly geometric transformation, is highly relevant to 21st-century 

demands because it trains critical thinking, analytical skills, and complex problem solving 

(Amalia et al., 2025; Hidayah et al., 2025; Orrissa & Suwarno, 2024; Rahman, 2025). 

Problem-based geometry learning improves critical thinking (Amalia et al., 2025), while 

students with high spatial-visual intelligence tend to use systematic reasoning and mental 

imagery (Hidayah et al., 2025). Geometric transformation is more effectively taught through 

visual approaches to build mental representations (Mashingaidze, 2012). Visualization media, 

including three-dimensional media, function as cognitive scaffolds in supporting students' 

spatial-visual representations and mental transformations (Disman & Gunawan, 2026). 

Spatial-visual ability is defined as the ability to understand, represent, and manipulate 

objects in space mentally (Erfansyah et al., 2023; Hariri et al., 2025; Kus & Newcombe, 

2025; Nolte et al., 2025; Yang et al., 2025). Linn & Petersen (1985) divided this ability into 

three aspects: mental rotation, spatial visualization, and spatial perception. These three 

aspects complement each other in geometry tasks (Lochhead et al., 2022; Lowrie & Logan, 

2023; Piri & Cagiltay, 2024). Mental rotation plays a role when students imagine object 

rotation, spatial visualization when manipulating objects through several transformation 

steps, and spatial perception for understanding position, direction, and orientation of objects 

relative to a reference. This ability is not a fixed talent; it can be improved through structured 

practice and appropriate visual media (Izzati et al., 2024; Uttal et al., 2024). 

Students' abilities in a single classroom are diverse and can be reviewed from 

academic achievement. Inclusive education encompasses diversity of abilities, including 

differences in achievement (Prediger, 2024; Prediger & Neugebauer, 2023). Academic 

achievement is often used as an indicator of material mastery, learning strategies, and 

accuracy (Hasanah et al., 2022). However, in the context of geometric transformation, 

achievement does not necessarily reflect spatial-visual ability specifically (Harris et al., 2023; 

Shaghaghian et al., 2024). Some high-achieving students solve problems through memorizing 

formulas, while others may have good visual potential but lack accuracy or consistency. 

Many students memorize formulas for rotation and reflection rather than using a 
visual approach (Shaghaghian et al., 2024), whereas digital visualization can improve spatial 

reasoning (Fitriawan et al., 2026). Affective and environmental factors also influence 

success; beliefs that mathematics is difficult are influenced by family, teachers, and peers 

(Purbaningrum et al., 2023). The relationship between achievement and spatial-visual ability 

warrants more specific examination in the context of geometric transformation.  

These conditions indicate three research gaps. First, studies on students' spatial-visual 

ability are still mostly situated in general geometry, whereas the abstract and dynamic nature 

of geometric transformation requires separate analysis because students must mentally sustain 

and manipulate objects through sequential changes. Second, mathematics achievement has 

not been widely examined to determine whether high-, medium-, and low-achievement 

categories show different spatial-visual profiles. Third, studies integrating quantitative and 

qualitative evidence to identify the spatial-visual dimension that most clearly distinguishes 

achievement groups remain limited. 
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This study aims to: (1) describe students' spatial-visual ability profiles across high-, 

medium-, and low-achievement categories; (2) examine differences in spatial-visual ability 

among these categories; and (3) identify the spatial-visual aspect that most clearly 

distinguishes them. The contribution of this study lies in demonstrating that mathematics 

achievement may conceal different spatial-visual profiles, thereby distinguishing procedural 

performance from spatial intuition in geometric transformation learning. 

 

Research Method 

This study employed a mixed-methods approach with a sequential explanatory design 

(Creswell & Plano Clark, 2007). The quantitative phase described and tested differences in 

spatial-visual ability based on mathematics academic achievement, while the qualitative 

phase used questionnaires and interviews to explain students' strategies, difficulties, and 

errors. This study was also ex post facto comparative because it analyzed differences based 

on existing achievement categories without treatment manipulation (Lantu et al., 2025). 

 The participants were 65 eleventh-grade students in Cirebon who had studied 

geometric transformation. They were selected using purposive sampling based on curriculum 

suitability and the availability of mathematics grade data. Students were grouped into high 

(≥85), medium (75–84), and low (<75) categories based on the school minimum mastery 

criterion of 75. For the qualitative phase, nine students were selected using maximum 

variation sampling, representing each achievement category and contrasting spatial-visual 

scores, including typical and extreme cases. The study was conducted after school permission 

was granted, and students' identities were kept confidential. 

The instrument was validated through expert judgement by two mathematics 

education lecturers and one experienced mathematics teacher, covering indicator suitability, 

language clarity, difficulty level, and image quality. Data were collected through 

documentation of mathematics grades, a six-item spatial-visual ability essay test, 

questionnaires, and semi-structured interviews. The test measured mental rotation (items 1–

2), spatial visualization (items 3–4), and spatial perception (items 5–6) using a tiered scoring 

rubric. The instrument was validated through expert judgement by two mathematics 

education lecturers and one experienced mathematics teacher. Cronbach's Alpha was 0.87, 

indicating high internal consistency in line with reliability reporting in educational instrument 

development (Taber, 2018). Visual scores were categorized as high (≥70), medium (40–69), 

and low (<40). Quantitative data were analyzed using descriptive statistics, the Shapiro-Wilk 

normality test, the Kruskal-Wallis test, and pairwise comparisons with Bonferroni correction. 
Qualitative data were analyzed thematically through data reduction, data display, and 

conclusion drawing (Miles et al., 2014). Credibility was maintained through triangulation and 

member checking, and integration of quantitative and qualitative data was conducted in the 

discussion phase. 

 

Results and Discussion 

This study involved 65 eleventh-grade students grouped into three mathematics 

academic achievement categories: high, medium, and low. The distribution of students is 

presented in Table 1. 
Table 1. Distribution of Students Based on Mathematics Academic Achievement Categories 

Academic Achievement Category Frequency (N) Percentage (%) 

High 24 36,9% 

Medium 16 24,6% 

https://e-journal.undikma.ac.id/index.php/pedagogy/index
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Low 25 38,5% 

Total 65 100% 

Table 1 indicates that all achievement categories were represented, although the 

distribution was not balanced. The largest group was the low-achievement category, which is 

important because it allows the analysis to capture spatial-visual difficulties among students 

who are most vulnerable in geometric transformation tasks. Descriptive statistics of spatial-

visual ability based on achievement categories are presented in Table 2. 
Table 2. Spatial-Visual Scores Based on Mathematics Academic Achievement Categories 

Academic Achievement 

Category 

N Average Standard 

Deviation 

Minimum Maximum 

High 24 76.08 27.54 0 100 

Medium 16 76.19 18.66 40 100 

Low 25 39.40 29.17 0 95 

Total 65 61.18 30.92 0 100 

Table 2 highlights two important patterns. First, the high- and medium-achievement 

groups showed nearly identical mean scores, suggesting that higher academic achievement 

does not automatically indicate stronger spatial-visual ability. Second, the relatively large 

standard deviations in the high and low groups indicate substantial within-group variation, 

meaning that both groups contained students with contrasting spatial-visual profiles. 
Table 3. Cross-Tabulation of Achievement Categories and Visual-Spatial Categories 

Academic Achievement Category High Visual  Medium Visual Low Visual Total 

High 13 (54.2%) 6 (25.0%) 5 (20.8%) 24 

Medium 7 (43.8%) 5 (31.2%) 4 (25.0%) 16 

Low 2 (8.0%) 8 (32.0%) 15 (60.0%) 25 

Total 22 19 24 65 

Table 3 further confirms that the relationship between achievement and spatial-visual 

ability was not absolute. Although the low-achievement group was dominated by students 

with low visual scores, two low-achieving students still reached the high visual category, 

while several high-achieving students remained in the low visual category. This pattern 

suggests that achievement categories alone cannot fully represent students' spatial-visual 

profiles. 
Table 4. Visual-Spatial Ability Scores per Aspect Based on Mathematics Academic Achievement 

Categories 

Aspect Question 

Number 

Maximum 

Score 

High 

Mean 

Medium 

Mean 

Low 

Mean 

High–Low 

Difference 

Mental 

Rotation 

1–2 32 25.83 25.00 12.67 13.16 

Spatial 

Visualization 

3–4 34 26.08 26.50 12.89 13.19 

Spatial 

Perception 

5–6 34 24.17 24.69 13.85 10.32 

Total 1–6 100 76.08 76.19 39.40 36.68 

Table 4 shows a consistent gap between the low-achievement group and the other two 

groups across all spatial-visual aspects. The largest high–low difference appeared in spatial 

visualization (13.19), followed very closely by mental rotation (13.16). Thus, spatial 

visualization should be interpreted as an important distinguishing aspect particularly when it 

is connected with the qualitative evidence from multi-step transformation tasks. 
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Before conducting the between-group difference test, the data were tested for 

normality using Shapiro-Wilk. The normality test results revealed that the low achievement 

group (p=0.089) and medium achievement group (p=0.071) had normally distributed data (p 

> 0.05). However, the high achievement group data were not normally distributed (p=0.008 < 

0.05). Therefore, the Kruskal-Wallis non-parametric test was used to examine differences in 

spatial-visual ability among academic achievement categories. The results are presented in 

Table 5. 
Table 5. Results of Kruskal-Wallis Test 

N Test Statistic (H) df Asymp. Sig. (2-tailed) α Decision 

65 13.768 2 0.001 0.05 Reject H₀ 

Based on Table 5, H(2)=13.768 with p=0.001 (<0.05), so H₀ was rejected. The mean 

ranks showed that the low group occupied the lowest position, while the medium group 

slightly exceeded the high group. The effect size was ε²=0.190, indicating a medium effect 

and suggesting that achievement categories were meaningfully associated with differences in 

spatial-visual ability. 
Table 6. Results of Pairwise Comparisons with Bonferroni Correction 

Comparison Test 

Statistic 

Std. 

Error 

Std. Test 

Statistic 

Sig. Adjusted 

Sig. 

Conclusion 

Low – High -14.667 5.200 -2.821 0.005 0.014 Significant 

Low – Medium -21.482 6.520 -3.295 <0.001 0.003 Significant 

High – Medium 6.815 6.636 1.027 0.304 0.913 Not 

Significant 

*Significance adjusted with Bonferroni correction. Significance level α = 0.05. 

Based on Table 6, there were significant differences between low and high (p=0.014) 

and low and medium (p=0.003), but not between high and medium (p=0.913). The main 

difference occurred between the low group and the other two groups, while high and medium 

were relatively comparable. To deepen the quantitative findings, qualitative data were 

collected through questionnaires and interviews with nine selected students, considering 

variations in spatial-visual scores within each achievement category. Characteristics of 

interview subjects are presented in Table 7.  
Table 7. Characteristics of Interview Subjects 

Code Category Achievement 

Score 

Visual 

Score 

Key Characteristics 

T1 High 100 24 Relies on formula memorization; low 

visualization 

T2 High 93 99 Very high visualization; nearly perfect 

solutions 

T3 High 95 76 Good visualization; needs improved 

accuracy 

S1 Medium 84 93 High visualization; lower score due to 

inaccuracy 

S2 Medium 78 82 Fairly balanced; difficulty with reflection 

S3 Medium 83 72 Good visual score; still often forgets 

formulas 

R1 Low 29 0 No visual strategy demonstrated in the test 

R2 Low 35 52 Limited visualization; some basic ability 

R3 Low 18 0 No adequate visual strategy shown in the test 

 

https://e-journal.undikma.ac.id/index.php/pedagogy/index
mailto:paedagogy@undikma.ac.id


 

 

Jurnal Paedagogy:  
Jurnal Penelitian dan Pengembangan Pendidikan 
https://e-journal.undikma.ac.id/index.php/pedagogy/index 
Email:paedagogy@undikma.ac.id 

 

 Vol. 13 No. 4 : October 2026 

               E-ISSN: 2722-4627 

                       pp. 1612-1623 

 

                                                                                                                Copyright © 2026, The Author(s) 1617 
 

Thematic analysis of interview and questionnaire data produced four main themes. 

Theme 1: Dependence on Formulas versus Use of Visualization 

This theme revealed differences in strategy between students who relied on symbolic 

procedures and those who used visualization. Subject T1 (high achievement) showed that 

procedural mastery was not always accompanied by strong visual understanding: 

"Understand the concept... do not be like me, who only memorized formulas." (T1) In 

contrast, T2 used an integrated visual strategy: "I adjust to the problem instructions; if I am 

asked to draw, then I will imagine the result." (T2) This contrast suggests that academic 

achievement does not always reflect students' spatial-visual strategies. 

Theme 2: Difficulty Imagining Transformation Results 

This difficulty was evident among low-achieving students, especially when images 

were not available. R1 stated, "I am generally confused if there is no image." (R1) This 

statement indicates that images functioned as important visual aids for students with low 

spatial-visual ability. R3 added, "I understand somewhat, but I forgot the material because I 

had a lot on my mind that day." (R3) These responses show that students' understanding of 

transformations was not yet stable enough for independent problem solving. 

Theme 3: Errors in Transformation Composition 

Transformation composition was the most challenging part for students with low 

spatial-visual ability. R2 stated, "Determining the image was difficult." (R2) Students often 

lost track of object position after the first stage. In contrast, students with higher visual 

scores, such as S1, could imagine the transformation sequence: "For question number 3, the 

first stage is dilation by 3 from the center, so it is multiplied by 3." (S1) This evidence 

supports the role of spatial visualization in multi-step tasks. 

Theme 4: The Role of Images as Visual Aids 

High- and medium-achievement students tended to use images as supplements, 

whereas low-achievement students were highly dependent on them. R1 stated, "I am 

generally confused if there is no image." (R1) S2 emphasized the need for accuracy: 

"Drawing takes a long time, and determining points must be done carefully so that they are 

not reversed." (S2) Thus, images supported understanding but still required coordinate 

accuracy. 

Discussion 

Profile of Spatial-Visual Ability Based on Mathematics Academic Achievement 

The results demonstrate that high- and medium-achievement students had comparable 

spatial-visual means, whereas the low-achievement group scored much lower. This finding is 
consistent with Mulianah et al. (2025), who showed that spatial-visual intelligence positively 

influences geometric transformation achievement. At a theoretical level, the present study 

contributes to global mathematics education literature by showing that achievement-based 

grouping can mask distinct cognitive profiles in geometry learning. 

The findings reveal a contrast between procedural encapsulation and spatial intuition. 

Some high-achieving students, represented by T1, relied heavily on memorized formulas and 

symbolic procedures but showed weak visualization. By contrast, some medium-achieving 

students, represented by S1, demonstrated strong spatial intuition but lost marks because of 

algebraic or procedural inaccuracy. This distinction supports the argument that spatial-visual 

ability should be treated as a specific analytical dimension, not merely as a by-product of 

academic achievement. 

These findings align with Shaghaghian et al. (2024), who reported that students often 

solve rotation and reflection tasks through formula memorization rather than meaningful 
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visual approaches. Procedural strategies may be sufficient for routine items, but they are less 

adequate for tasks requiring mental representation, orientation changes, and multi-step 

compositions. 

Differences in Spatial-Visual Ability Among Achievement Groups 

The Kruskal-Wallis test revealed significant differences in spatial-visual ability 

among mathematics academic achievement categories. However, follow-up tests showed that 

these differences occurred primarily between the low achievement group and the other two 

groups, while the high and medium groups did not differ significantly. This pattern indicates 

that low-achieving students face more pronounced spatial-visual barriers than students in the 

high and medium categories. 

The significant difference between the low group and the other two groups indicates 

spatial-visual ability as an important prerequisite in geometric transformation. Students with 

low spatial-visual ability have difficulty building mental representations, maintaining object 

position, and connecting images with coordinate procedures. This corroborates Ningsih et al. 

(2021), who stated that low spatial literacy can cause difficulties in geometry problem 

solving. This finding also lends support to Hafizh & Kusno (2025), that weak abstraction and 

visualization are causes of difficulty in geometric transformation. 

The non-significant difference between the high and medium groups indicates that 

academic achievement is not the main differentiator of spatial-visual ability. Teachers 

therefore need to identify students who are procedurally strong but visually weak, as well as 

students who have strong visual potential but need support in algebraic accuracy and written 

procedures. 

Spatial-Visual Aspect That Most Distinguishes Students 

Based on per-aspect scores, spatial visualization showed the highest difference 

between high and low groups, followed very closely by mental rotation. Therefore, spatial 

visualization cannot be declared dominant based solely on quantitative differences. However, 

when linked to qualitative data, spatial visualization appears to best explain students' 

difficulties in multi-step composition problems. 

According to Linn & Petersen (1985), spatial visualization is the ability to manipulate 

spatial configurations through complex mental steps, different from mental rotation (object 

rotation) and spatial perception (recognition of relative position). Low-achieving students' 

difficulties are most evident when maintaining object position after the first stage, seen in R1, 

R2, and R3 who lost track in transformation composition. In contrast, high spatial-visual 

students like T2 and S1 were able to imagine the transformation sequence before writing 
procedures. Success in geometric transformation depends on the ability to maintain and 

manipulate mental imagery in stages (Hawes et al., 2022). Spatial visualization is the most 

prominent aspect interpretively because its role is strong in tests, interviews, and error 

patterns. 

Implications for Geometric Transformation Learning 

These findings have several practical implications. First, low-achieving students need 

gradual visualization practice from single transformations to transformation compositions. 

Teachers can ask students to predict images before calculating coordinates and then compare 

predictions with formal procedures to build connections between visual and symbolic 

representations. 

Second, instruction should adopt a dual-coding orientation by connecting visual-

spatial representations with coordinate, matrix, and algebraic notation (Paivio, 1991). 

Dynamic visual media such as GeoGebra can help students understand changes in position, 
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orientation, and shape (Rizzik et al., 2025), while three-dimensional visualization media can 

function as cognitive scaffolds for spatial representations and mental transformations 

(Disman & Gunawan, 2026). Media use should emphasize students' thinking processes rather 

than only demonstrating final results. 

Fourth, teachers need to consider technology use selectively. Fineldi et al. (2026) 

showed that ChatGPT can function as procedural and elaborative scaffolding, but does not 

automatically encourage divergent thinking. In addition to digital technology, non-digital 

media such as "Space Capsule" can also be used to train spatial visualization skills, especially 

in schools with limited access to digital technology (Alia et al., 2026). Media selection must 

align with objectives, student characteristics, and school conditions, and should not replace 

students' visual thinking processes. 

 

Conclusion 

Based on the research findings, it can be concluded that students' spatial-visual ability 

in solving geometric transformation problems differs according to academic achievement 

categories. High and medium achievement students demonstrated comparable spatial-visual 

means, while low achievement is much lower. The relationship between achievement and 

spatial-visual ability is not deterministic; some high-achieving students still have 

visualization limitations, while some medium-achieving students have strong spatial-visual 

ability.The Kruskal-Wallis test revealed significant differences among categories 

(H(2)=13.768, p=0.001, ε²=0.190). The main difference occurs between the low group and 

both high and medium groups, while high and medium do not differ significantly. Low 

spatial-visual ability is an important barrier for low-achieving students. 

Among the three aspects, spatial visualization emerged as the most prominent in 

explaining differences in student strategies and difficulties, especially in multi-step 

compositions. Students with strong visualization maintained mental imagery through multiple 

stages, while students with low visualization lost track after the first stage. These findings 

reinforce the need for gradual visualization practice, dynamic representations, and dual 

connections among images, concepts, coordinate procedures, and algebraic notation. 

 

Recommendation 

 Based on the findings, teachers should design geometric transformation learning that 

develops spatial-visual ability through dual-coding instruction. Learning can begin with 

predicting object images, drawing transformation results, comparing predictions with 
coordinate calculations, and gradually solving transformation compositions. Teachers should 

explicitly connect visual-spatial representations with matrix and algebraic notation so that 

students understand both the movement of objects and the symbolic structure of 

transformations. 

For students with low mathematics achievement, teachers need to provide simple 

visualization exercises before introducing more complex composition transformation 

problems. For medium-achieving students, learning can be directed toward improving 

accuracy, procedural consistency, and strengthening the connection between images and 

coordinates. Meanwhile, high-achieving students can be given more challenging 

transformation tasks to develop visual and procedural abilities in balance. 

Future researchers are encouraged to develop more separated spatial-visual 

instruments to measure mental rotation, spatial visualization, and spatial perception in more 

detail. Further research can also use experimental or pretest-posttest designs to test the 
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effectiveness of visualization-based learning interventions on students' spatial-visual ability 

in geometric transformation 
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