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Abstract: This study aims to analyze the spatial ability of Field Independent (FI) and Field Dependent
(FD) students in two-dimensional geometric transformation tasks across three aspects: spatial
visualization, mental rotation, and spatial orientation. It also examines students’ cognitive development
through APOS stages and identifies thinking patterns across these aspects. This qualitative case
study involved six ninth-grade students from a public junior high school in Bandung, Indonesia.
Participants were purposively selected based on their Group Embedded Figures Test (GEFT) scores,
comprising three FI and three FD students. Data were collected through a spatial ability test and
semi-structured interviews. Written responses and interview transcripts were analyzed using APOS-
based coding criteria, supported by triangulation between written and verbal data. Students’ spatial
ability varied across cognitive styles, spatial aspects, and APOS stages. FI students generally showed
higher and more varied achievement than FD students, particularly in spatial visualization. However,
this pattern was not entirely consistent, as one FI student did not demonstrate sufficient evidence to
be classified at the Action stage, which is the most basic stage in the APOS framework, across all
aspects. Mental rotation and spatial orientation were more difficult than spatial visualization; only one
FI student met the criteria for each indicator. FD students achieved mainly in spatial visualization,
with two students reaching the Schema stage when visual and coordinate-based support was available.
However, all FD students failed to achieve the indicators for mental rotation and spatial orientation,
and mostly remained at the Action stage. This study indicates that spatial ability in geometric
transformations is influenced not only by cognitive style but also by task demands, visual support, and
prerequisite understanding. Geometry instruction should provide structured visual support and gradual
transitions toward independent mental manipulation, particularly in rotation and orientation tasks.

Keywords: spatial ability, cognitive style, field independent, field dependent, geometry transformation,
APOS theory.
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B INTRODUCTION including mathematics, engineering, physics, and

Spatial ability is an essential cognitive skill
that plays a crucial role in mathematics learning,
particularly in geometry, as it enables students to
imagine, manipulate, and understand relationships
among objects in space, both visually and mentally
(Bruce etal., 2017; Gilligan-Lee & Hawes, 2022;
Newcombe, 2016; Newcombe & Frick, 2010).
This ability is also required in everyday activities
such as reading maps, giving directions, and
manipulating three-dimensional objects, making
ita fundamental skill across various disciplines,

science (Yyldyzhan & Ertekin, 2024).
Furthermore, spatial ability has been identified as
astrong predictor of academic achievement and
career success in STEM fields, independent of
mathematical and verbal abilities (Wai et al.,
2009), highlighting its strategic role in learning and
cognitive development.

Spatial ability consists of several interrelated
yet distinct aspects, each with different cognitive
demands. Recent spatial reasoning frameworks
emphasize that spatial ability should not be treated
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as a single, general construct, as spatial
visualization, mental rotation, and spatial
orientation may support different forms of
mathematical activity (Adams et al., 2023; Harris,
2023; Ramful et al., 2017). This view is
consistent with earlier classifications of spatial
ability. Maier (1998) categorized spatial ability
into multiple components, while Maresch (2013)
simplified these into three main aspects: spatial
visualization, mental rotation, and spatial
orientation, which are considered relevant for
mathematics learning and assessment contexts
(Lusiyana & Juandi, 2024; Ramful et al., 2017).

Spatial visualization refers to the ability to
imagine internal relationships within a shape (Mix
& Cheng, 2012; Xu et al., 2025), mental rotation
involves the ability to rotate objects mentally
(Dufty etal., 2024; Kurt et al., 2023), and spatial
orientation reflects the ability to understand the
position and direction of objects from a particular
perspective (Harris, 2021; Nori et al., 2023).
One mathematical topic that strongly requires
these abilities is geometric transformation,
including translation, reflection, rotation, and
dilation, which demand both visualization and
mental manipulation of shapes (Harris, 2023;
Hawes et al., 2017; Yuliardi & Rosjanuardi,
2021). Students with high spatial ability are
generally better at performing such
transformations, whereas those with low spatial
ability often have difficulty understanding changes
in position and orientation (Astuti et al., 2025;
Febrianti etal., 2024).

Although spatial ability has been widely
examined in mathematics education, several gaps
remain. Previous studies have often focused on
general measures of spatial ability, which may
provide limited insight into how students use
spatial ability in specific geometry tasks (Harris,
2023). In addition, existing research has not
sufficiently connected specific aspects of spatial
ability, such as spatial visualization, mental rotation,
and spatial orientation, with students’ cognitive

processes during problem solving (Bruce et al.,
2017). This issue is important because different
aspects of spatial ability may support different
mathematical activities and involve different
cognitive demands (Adams et al., 2023; Gilligan-
Lee & Hawes, 2022). Therefore, examining
students’ spatial ability within geometric
transformation tasks and analyzing their thinking
processes through APOS theory may provide a
more contextualized understanding of how spatial
ability develops.

In addition to spatial ability, individual
differences in information processing also
influence how students solve geometric tasks.
Cognitive style refers to relatively stable
preferences or habitual strategies that influence
how individuals perceive, learn, and solve
problems (Lacko et al., 2023). Two important
cognitive styles in geometry learning are Field
Independent (FI) and Field Dependent (FD),
which describe individual differences in the degree
of dependence on surrounding visual contexts
when processing information (Giancola et al.,
2023; Witkin et al., 1977). FI students tend to
rely more on internal frames of reference. They
are better able to separate relevant information
from surrounding contexts, whereas FD students
tend to rely more on external frames of reference
and contextual cues (Nori et al., 2023). In
geometry learning, these differences may influence
how students organize visual information, identify
relevant geometric elements, and engage with
transformation tasks (Ubuz & Aydynyer, 2019).
Several studies have reported that FI students
generally demonstrate stronger spatial
performance than FD students because they are
better able to process information analytically,
filter relevant visual information, and mentally
manipulate objects (Li et al., 2023; Nori et al.,
2023; Syahbudin et al., 2024). However, most
of these studies focus primarily on final
performance outcomes and provide limited insight
into how students’ spatial abilities develop, even
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though understanding these processes is essential
for identifying strategies, difficulties, and cognitive
dynamics in learning.

To systematically examine students’
thinking processes, this study employs APOS
theory (Action, Process, Object, and Schema)
as a conceptual framework. APOS theory views
mathematical understanding as the construction
of mental structures that progress from externally
guided actions to internalized processes,
encapsulated objects, and coherent schemas
(Borji et al., 2018; Dubinsky & McDonald,
2001). This framework is appropriate for
analyzing geometric transformation tasks because
such tasks require students to coordinate an initial
object, the transformation process, and the
resulting representation, which can be traced
through APOS mental constructions (Koyunkaya
& Boz-Yaman, 2023). APOS theory is also
relevant for comparing FI and FD students
because these cognitive styles reflect different
ways of selecting visual information, relying on
internal or external frames of reference, and
coordinating information during problem solving
(Giancolaetal.,2023; Nori etal., 2023). Thus,
APOS analysis can reveal whether FI and FD
students remain at procedural Action, develop
internalized Process, encapsulate spatial
transformation as Object, or coordinate their
spatial understanding into Schema. Previous
APOS-based studies have also found that FI and
FD students may demonstrate different levels of
spatial-thinking construction in geometry
problems (Bintoro etal., 2021,2022). Therefore,
APOS theory provides a useful lens for identifying
not only whether students produce correct spatial
responses, but also how they construct,
internalize, and coordinate spatial ideas across
different stages of thinking.

Based on the above discussion, further
investigation is needed to understand differences
in the spatial abilities of students with Field
Independent (FI) and Field Dependent (FD)
cognitive styles across each aspect of spatial

ability, particularly in the context of two-
dimensional geometric transformations. Most
previous studies have focused on final spatial
ability outcomes, which have not provided
detailed insights into the dynamics of students’
thinking stages for each spatial aspect. Therefore,
this study adopts a qualitative approach based
on APOS theory to explore students’ spatial
ability in two-dimensional geometric
transformation tasks. Specifically, this study aims
to: (1) analyze differences in spatial ability
between FI and FD students across spatial
visualization, mental rotation, and spatial
orientation; (2) examine students’ cognitive
development based on APOS stages; and (3)
identify patterns of thinking across these spatial
aspects. By integrating cognitive style, specific
aspects of spatial ability, and APOS theory into
asingle analytical framework, this study offers a
process-based analysis of spatial ability. It
provides a more detailed understanding of how
spatial thinking develops in students with different
cognitive styles.

| METHOD
Participants

The participants in this study were six ninth-
grade students from a public junior high school in
Bandung, Indonesia. They were selected
purposively based on their cognitive style, as
determined by the Group Embedded Figures Test
(GEFT). The GEFT scores range from 0 to 18,
with higher scores indicating stronger field
independence.

The selection of a small number of
participants is consistent with a qualitative case
study approach, which emphasizes depth of
analysis rather than generalization. Each
participant was examined in detail to explore their
spatial thinking processes across different tasks
and APOS stages.

Students were classified into two cognitive-
style groups based on their GEFT scores. The
three students with the highest scores were
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categorized as Field Independent (FI), while
those with the lowest scores were considered
potential Field Dependent (FD) participants. To
ensure the availability of analyzable qualitative
data, FD participants were selected from students
who attempted most of the test items and provided
sufficient written responses for further interview
analysis. This criterion was used to allow the
researchers to examine students’ thinking
processes through APOS stages, rather than to
select students based on higher mathematical
performance. The distribution of GEFT scores
and cognitive-style classifications is presented in
Table 1.

Table 1. Participants’ GEFT scores and cognitive
style classification

Subject GEFT Category

code score

FI-1 16 Field Independent
FI-2 17 Field Independent
FI-3 16 Field Independent
FD-1 4 Field Dependent
FD-2 4 Field Dependent
FD-3 0 Field Dependent

Research Design and Procedure

This study employed a qualitative case study
approach to explore students’ spatial thinking
processes in solving geometry transformation
tasks. The analysis was guided by the APOS
(Action—Process—Object—Schema) theoretical
framework (Dubinsky & McDonald, 2001),
which was used to identify students’ cognitive
constructions during task completion. This design
was chosen to obtain a detailed understanding of
how students with different cognitive styles
process spatial information across tasks involving
spatial visualization, mental rotation, and spatial
orientation.

The study was conducted in three main
phases over approximately three months. First,
the GEFT was administered to identify students’
cognitive styles and to select participants

representing the Fland FD groups. Second, the
selected students completed the spatial ability
test, which consisted of geometry-transformation
tasks designed to assess spatial visualization,
mental rotation, and spatial orientation. Third,
individual semi-structured interviews were
conducted after the written test to clarify students’
reasoning and mental processes, focusing on how
they visualized, transformed, and oriented figures
during problem solving.

All interviews were audio-recorded and
transcribed verbatim. The interview transcripts
were then checked through participant
verification to ensure the accuracy of students’
statements. The written responses and interview
data were subsequently analyzed as individual
cases and then compared across FI and FD
groups to identify similarities and differences in
students’ spatial thinking processes.

Instruments

Three instruments were employed in this
study: (1) the Group Embedded Figures Test
(GEFT), (2) a spatial ability test, and (3) semi-
structured interviews.

The GEFT was used to classify students
into Field Independent (FI) and Field Dependent
(FD) cognitive styles based on the field
dependence—independence framework (Witkin
etal., 1977). The test measures students’ ability
to identify simple figures embedded in complex
visual patterns. It consists of 18 scored items,
with scores ranging from 0 to 18. Higher scores
indicate stronger field independence, whereas
lower scores indicate stronger field
dependence.

The spatial ability test was developed based
on three aspects of spatial ability: spatial
visualization, mental rotation, and spatial
orientation. These aspects were connected to
topics in geometric transformations at the junior
high school level, including translation, rotation,
and reflection. Each item was designed to
represent one spatial aspect.
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The test was reviewed by two mathematics
education lecturers and one junior high school
mathematics teacher to ensure content validity.
The review focused on the relevance of each item
to the intended spatial ability aspect, the alignment
between items and indicators, the clarity of task
instructions, and the suitability of the tasks for
ninth-grade students. Based on the reviewers’
suggestions, several revisions were made to

improve the clarity of task instructions,
coordinate representations, and interview
prompts. Construct validity was supported by
mapping each item to the intended spatial aspect
and by using interview data to verify students’
written responses.

Semi-structured interviews were conducted
after the written test to explore students’ reasoning
processes and verify their APOS stages during

Table 2. Spatial ability aspects and indicators

Aspect

Indicator

Spatial Visualization

Determining and drawing the final position of shapes after translation

based on coordinate representations

Mental Rotation

Determining the final position of an object after rotation around a

given center and direction

Spatial Orientation

Determining object position and facing direction after reflection

relative to a reference line or viewpoint

problem solving. The interview questions focused
on how students visualized shapes, performed
transformations, explained their procedures, and
interpreted spatial relationships. The interview
data were used to clarify students’ written
responses and support the identification of their
APOS stages.

Data Analysis
Data analysis was conducted using the
APOS theoretical framework to identify students’

cognitive constructions across the Action,
Process, Object, and Schema stages (Dubinsky
& McDonald, 2001).

Students’ written responses and interview
transcripts were analyzed to determine their
dominant APOS stage for each spatial-ability
aspect: spatial visualization, mental rotation, and
spatial orientation. The classification of APOS
stages was based on criteria adapted from APOS
theory as described by Arnon et al. (2014), as
presented in Table 3.

Table 3. APOS coding criteria

APOS Stage Coding Criteria
Action Students perform procedures without a clear conceptual understanding.
Process Students are able to describe the thinking processes and mental
manipulations used.
Object Students are able to explain the result as a coherent whole concept.
Schema Students are able to generalize concepts or predict outcomes in modified

situations.

In this study, APOS stages were treated as
hierarchical cognitive constructions; therefore,
evidence of Action was required before a student
could be considered for the higher stages of

Process, Object, and Schema. To support coding
consistency, each APOS stage was identified
through both written responses and interview
explanations. At the Action stage, students
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performed explicit transformation procedures,
such as drawing the initial figure or applying a
transformation step, although their explanations
remained procedural. At the Process stage,
students were able to describe or mentally simulate
the transformation process, such as imagining
point displacement or object movement. At the
Object stage, students explained the
transformation result as a coherent whole, for
example, by relating the initial object,
transformation process, and final image. At the
Schema stage, students were able to coordinate
several relationships and generalize or predict the
effects of modified transformations.

The coding process was conducted by the
researcher and reviewed by the research
supervisors to ensure consistency in data
interpretation. Each student’s response was
assigned to the highest APOS stage consistently
evidenced in both the written response and the
interview transcript. Students’ performance in
each spatial aspect was determined by whether
they met the corresponding indicators, based on
consistency between written and verbal data.

Triangulation was conducted by comparing
students’ written responses with their interview
explanations for each spatial ability task. When

both data sources showed consistent evidence,
the corresponding spatial indicator and APOS
stage were assigned. When differences arose, the
researcher re-examined the written solution, the
interview transcript, and the task requirements
before assigning the stage. In such cases, the final
classification was based on the evidence most
consistently supported by the data, rather than
on a single response.

B RESULTAND DISCUSSION

The research data were obtained from the
spatial ability test and follow-up interviews, which
were analyzed using APOS theory. The analysis
focused on differences in spatial ability between
students with Field-Independent (FI) and Field-
Dependent (FD) cognitive styles while solving
geometric transformation tasks.

Overall, the results indicate that FI students
exhibited more varied spatial ability performance
and achieved higher levels of thinking than FD
students. FI students tended to coordinate
procedural actions with reflective mental
processes. In contrast, FD students relied more
heavily on visual stimuli and had difficulty mentally
manipulating images of the shapes and positions
of geometric objects.

Table 4. Spatial ability of Fl and FD students

Student Spatial Mental Spatial
Code Visualization Rotation Orientation
FI-1 Achieved Achieved Not Achieved
FI-2 Not Achieved  Not Achieved  Not Achieved
FI-3 Achieved Not Achieved  Achieved
FD-1 Achieved Not Achieved  Not Achieved
FD-2 Achieved Not Achieved  Not Achieved
FD-3 Not Achieved  Not Achieved  Not Achieved

Note: Achieved indicates that the student achieved the indicator for the
corresponding spatial ability aspect; Not Achieved indicates that the

student did not achieve the indicator

Table 4 summarizes students’ achievement
across the three aspects of spatial ability, based
on the indicators presented in Table 2. The table
provides an overview of the distribution of

students’ achievement, while the qualitative
characteristics of each response are discussed in
detail in the following subsections. Overall, spatial
visualization was the most frequently achieved
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aspect, as two FI students and two FD students
achieved the indicator. In contrast, mental rotation
and spatial orientation were more difficult. Only
one FI student achieved the mental rotation

APOS Stage Level
[\S)

indicator, and only one FI student achieved the
spatial orientation indicator. In contrast, none of
the FD students achieved the indicators for these
two aspects.

FI-1

4
3
14
0 T
FI-2 FI-3

m Spatial Visualization

FD-1 FD-2 FD-

3

Students
H Mental Rotation

Spatial Orientation

Note: APOS levels are represented as follows: 1 = Action, 2 = Process, 3 = Object, and 4 = Schema.
Figure 1. APOS stages across spatial ability aspects

Figure 1 illustrates the variation in the highest
APOS stage achieved by FI and FD students
across the three aspects of spatial ability. In
general, FI students reached higher levels of
thinking, with several attaining the Schema stage
in one or more aspects. However, this pattern
was not entirely consistent, as FI-2 did not
demonstrate sufficient evidence to enter the
Action stage across all three aspects. Meanwhile,

FD students mostly remained at the Action stage,
except for two students who reached the Schema
stage in the spatial visualization aspect.

Spatial Visualization

Figure 2 shows the first task used to assess
students’ spatial visualization skills, in which they
were asked to arrange four triangles based on
given coordinates to form a single closed shape.

Question 1

closed shape).

used to construct the shape.

Given four isosceles triangles on the coordinate plane as follows:
- Triangle A: (6, —2), (3, —4), (6, —6)
- Triangle B: (-7, =5), (-1, =5), (-4, ~7)
- Triangle C: (-5, 5), (-2, 3), (-5, 1)
- Triangle D: (1, 5), (3, 2), (1,—1)
a. Draw the four triangles on the coordinate plane.
b. Determine the plane figure formed if triangles B, C, and D are moved to attach to triangle

A so that they form a single closed shape (e.g., a square, rectangle, trapezoid, or another

¢. Draw the final closed shape that is formed.

d. Explain the transformation steps (translation, rotation, or a combination of both) that you

Figure 2. Spatial visualization task
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This task aimed to measure students’ ability to
visualize spatial relationships and organize shapes
coherently based on given spatial information.
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Figure 3 presents examples of FI students’
responses in completing the spatial visualization
task. Two FI students (FI-1 and FI-3)
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Figure 3. Example of FI student’s response (FI-3)

successfully arranged the four triangles into a
rectangle as required by the task, demonstrating
their ability to visualize relationships among
components and organize shapes into a coherent
whole. These students progressed to the Schema
stage, as they were able to generalize the
relationships among the triangles and understand
that changes in one part affected the overall
shape’s balance.

However, FI-2 did not demonstrate
sufficient evidence to be classified at the Action

476 5 a4 3 2 A o

Bi P)omu\é dotar gernsed panjangy

stage in the spatial visualization task because he
was unable to correctly identify the coordinates
and construct the basic shapes required in the
task. This difficulty was also reflected in his
interview response: “I did not understand, Sir.
was also confused by the problem.” As aresult,
the subsequent stages: Process, Object, and
Schema, could not be analyzed.

Figure 4 shows examples of FD students’
responses to the same spatial visualization task.
Two FD students (FD-1 and FD-2) were able

C.

d. Mengurotkannu®  dori QW perwde JRgrHi9a

Figure 4. Example of FD student’s response (FD-1)

to construct the rectangular shape correctly and

reached the Schema stage in this specific task.
They organized the given triangles into a coherent

arrangement using the visual and coordinate-
based information provided in the task. One FD
student (FD-3), however, reached only the
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Action stage because he did not adequately
consider the triangles’ size and orientation,
resulting in a final shape that did not match the
task instructions.

In the spatial visualization aspect, FI
students generally demonstrated stronger
performance than in the other spatial aspects
examined in this study. This may be because the
task allowed students to use visual information
directly to organize relationships among shape
components, without requiring complex mental
manipulation or a change in perspective. This
interpretation is consistent with the view that
spatial visualization supports students in
generating, maintaining, and organizing visual-
spatial information in geometry tasks (Hawes et
al., 2017; Nadzeri et al., 2024). FI-1 and FI-3
were able to identify relevant visual elements,
imagine the configuration of the four triangles, and
arrange them into a coherent whole. This finding
is also supported by Duffy et al. (2024), who
emphasized the role of spatial ability in the
formation of structural mental representations,
and by Li et al. (2023), who noted that FI students
tend to filter relevant information more effectively.

However, the case of FI-2 shows that FI
cognitive style alone does not guarantee
successful spatial visualization. From the
perspective of APOS theory, FI-2’s difficulty
occurred before the Action stage because he had
not established the initial external actions needed
to begin the problem-solving process. Although
FI students are generally expected to process
information analytically and independently, FI-2
showed difficulty in identifying coordinates,
constructing initial figures, and applying
transformation procedures. Thus, his failure
appears to be related to weak prerequisite
conceptual and procedural knowledge,
particularly in coordinate interpretation and basic
figure construction, rather than to cognitive style
alone. This case highlights that prerequisite
understanding may mediate the relationship

between cognitive style and spatial ability (Borji
& Martinez-Planell, 2020).

In contrast, some FD students were also
able to achieve the spatial visualization indicator
by correctly drawing the initial shapes and
arranging the components based on clear visual
cues. This finding is consistent with the concept
of spatial visualization, which emphasizes the
ability to organize internal relationships within a
shape (Xu et al., 2025; Yuliardi & Rosjanuardi,
2021). The Schema-level achievement of FD-1
and FD-2 can be understood in relation to the
characteristics of the task, which provided explicit
visual and coordinate-based cues that supported
their organization of the given shapes. This
interpretation is consistent with Ubuz & Aydynyer
(2019), who noted that FD students tend to rely
on salient contextual cues and may benefit from
visual and concrete representations in geometry
learning. However, their success should still be
interpreted with caution because it emerged on a
task that provided visible components and a
structured arrangement process, rather than on a
task requiring fully independent mental
manipulation.

From the perspective of APOS theory, FI
students generally showed more complex thinking
development than FD students. Two FI students
reached the Schema stage by recognizing
relational patterns among shape components and
generalizing them to other contexts, which reflects
the coordination of actions, processes, and
objects into a coherent cognitive structure (Borji
et al., 2018). However, this pattern was not
absolute, as one FI student did not demonstrate
sufficient evidence to be classified at the Action
stage due to difficulty in establishing the initial
mathematical actions required in the task.
Meanwhile, among FD students, the Schema
stage appeared in a few cases, particularly when
the task provided clear visual and coordinate-
based support. This finding suggests that although
FD students were sometimes able to produce
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correct visualization results, their conceptual
construction was still strongly supported by
concrete visual cues. Overall, FI students were
more likely to develop coherent APOS
constructions in spatial tasks, although the
development of APOS stages was also influenced
by task structure, visual support, and students’

prerequisite understanding (Bintoro et al., 2022;
Waulandari et al., 2019).

Mental Rotation

Figure 5 shows the second task that
assessed students’ mental rotation ability. In this
task, students were asked to rotate a given figure

Question 2

coordinates of the image.

of the resulting image.

Given an L-shaped figure with vertices at (1, 1), (3, 1), (3, 2), (2, 2), (2, 4), and (1, 4).

a. Draw the L-shaped figure on the coordinate plane.

b. Rotate the figure 90° counterclockwise about the center point (1, —1), then write the

c. Rotate the image from (b) 180° about the center point (—2, 2), then write the coordinates

d. Draw the final figure obtained after performing the rotations.

Figure 5. Mental rotation task

by the specified direction and degree, and then
determine the new coordinates of the resulting
image. This task required students to mentally
manipulate the figure’s position to achieve the
correct orientation.

a.

bl AGD B3O c32) p(an) p(2w) fQLM)
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Figure 6 presents examples of F1 students’
responses to the mental rotation task. One FI
student (FI-1) successfully drew the L-shaped
figure and performed both rotations as instructed:
a 90° counterclockwise rotation followed by a

An) pl~32) cl-22) B(-23) F(03) FoM)

nnnnnnnnnnn

Figure 6. Example of FI student’s response (FI-1)

180° rotation about a given center. The direction
of rotation and the final position of the shape were
presented correctly and were consistent with the
resulting coordinates. This indicates that the
indicators of mental rotation ability were fulfilled.

Based on the interview, FI-1 appeared to
visualize the sequence of rotations without solely

redrawing the shape, as he recognized that
changing the order of rotations would yield a
different final position. This was reflected in his
statement: “/¢ should be different. If the 180°
rotation is done first and then the 90°
counterclockwise rotation, the position will be
different from the first result.” This response
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indicates that FI-1 did not merely apply a
procedural rule but also coordinated the sequence
of rotations and recognized that the order of
transformations affects the final position.
Therefore, FI-1 was classified at the Schema
stage because he was able to coordinate the
rotation sequence, reference points, and final
position as an integrated transformation process.

In contrast, FI-2 could not be categorized
at the Action stage because he did not draw the
rotated shape or write the coordinates after the

F9 &

rotation. He only marked the initial points,
indicating that the Action stage had not been
achieved; therefore, the subsequent stages
(Process, Object, and Schema) could not be
analyzed. FI-3 was able to draw the results of
two rotations but incorrectly identified the center
of'the first rotation, resulting in an inaccurate final
position. This error indicates that FI-3 reached
only the Action stage, as he had not yet
conceptually understood the relationship between
the rotation center and the direction of rotation.

Figure 7 shows the FD students’ responses
to the mental rotation task. All FD students
(Figures 6a, 6b, and 6¢) drew only the initial shape
without performing the required rotations.
Although they correctly determined the initial
coordinates, they did not show any positional
changes due to rotation. This indicates that they
were unable to mentally rotate the object and
therefore did not achieve the indicators of mental
rotation ability. The interview results further
showed that none of the FD students could explain
the direction of rotation, the distance from the
center, or the shape’s final position. Consequently,
all FD students remained at the Action stage and
did not progress to the Process or Schema stages.

In the mental rotation aspect, the
performance gap between FI and FD students
became more evident than in spatial visualization.
Only FI-1 fulfilled the mental rotation indicator,
whereas FI-2 and FI-3 did not. FI-2 was unable
to initiate the rotation procedure, while FI-3

Figure 7. Examples of FD students’ responses (FD-1, FD-2, and FD-3)

attempted the rotation but incorrectly identified
the rotation center, resulting in an inaccurate final
position. This finding suggests that FI cognitive
style alone does not guarantee successful mental
rotation when students have not developed
sufficient conceptual understanding of geometric
transformation. Although FI students tend to
demonstrate systematic and analytical information
processing (Li et al., 2023), mental rotation
requires more than analytical attention to visual
elements. It involves the continuous, dynamic
manipulation of mental images, including
coordinating the direction, angle, center of
rotation, and resulting position, thereby making it
cognitively more demanding than spatial
visualization (Harris, 2023; Rutherford et al.,
2018; Schenck & Nathan, 2024).

AIlIFD students failed to achieve the mental
rotation indicator. Although they were able to draw
the initial shape correctly, they did not continue
the rotation, making it impossible to determine
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the shape’s final position. This suggests that the
visual information available in the task supported
FD students only at the initial representation stage
but was insufficient to perform the internal mental
manipulation required for rotation. Mental
rotation requires students to mentally transform
object images by coordinating the direction, angle,
center of rotation, and resulting position, making
it one of the more demanding spatial processes
(Kurt et al., 2023; Rutherford et al., 2018).
Therefore, FD students’ difficulty in this task may
be related to their reliance on visible cues and
limited internal spatial coordination when the task
required them to manipulate an object that was
no longer directly observable. From the APOS
perspective, this reliance on external visual cues
may limit the internalization required to progress
from Action to Process, as students rely on
directly observable representations rather than
mentally coordinating transformation relationships.
These difficulties were also influenced by a limited
understanding of transformation concepts and the
task’s high cognitive demands (Hidayati et al.,
2025; Lowrie & Logan, 2023; Sabil et al., 2024).

From the perspective of APOS theory, the
differences in thinking stages between Fland FD
students were clearly visible. Among the FI
students, FI-1 reached the Schema stage because
he was able to coordinate the sequence of
rotations and explain that changing the order of

rotation would produce a different final position.
His interview response also indicated awareness
that changes in the reference points could affect
the resulting position, reflecting reflective thinking
in integrating multiple spatial processes (Hasdi et
al., 2024). FI-2 showed no evidence of the initial
action required in the task because he did not
initiate the required rotation procedure. At the
same time, FI-3 remained at the Action stage
because he performed part of the procedure but
incorrectly identified the rotation center. In
contrast, all FD students remained at the Action
stage because they were able to construct the
initial figure but did not demonstrate the mental
image manipulation required to complete the
rotational transformation. This finding suggests that
progression beyond the Action stage in mental
rotation requires students to coordinate the
direction, angle, rotation center, and final position
as an integrated transformation process (Botji et
al., 2018; Harris, 2023). Such coordination is
particularly demanding for FD students because
spatial transformation tasks require high-level
mental coordination and are more difficult when
students rely strongly on external visual cues (Nori
etal., 2023; Xuetal., 2025).

Spatial Orientation
Figure 8 shows the third task, which
assessed spatial orientation by asking students

Question 3

Also shown on the coordinate plane are:

Tree :(4,-4)

A student is located at point (4, 2) and is facing a house on the coordinate plane with the

following vertices: (3, 3), (5, 3), (5, 4), (6, 4), (4, 5), (2, 4), and (3, 4).

Triangle: (-1, 1), (-3, 1), (-2, 2)

a. Draw the house, the triangle, the student (S), and the tree (P) on the coordinate plane,
then reflect the house and the student across the line y = —x.

b. After reflecting across the line y = —x, determine the position of the tree relative to the
student (choose one: left, right, in front of, or behind).

c. After reflecting across the line y = —x, determine the position of the triangle relative to

the student (choose one: left, right, in front of, or behind).

Figure 8. Spatial orientation task
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to determine the position and facing direction of
objects after areflection across a line. This task
required students to interpret how each object’s
position and orientation change when reflected
over an oblique mirror line.
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Figure 9. Example of FI student’s response (FI-
3)

Figure 9 presents examples of FI students’
responses in completing the spatial-orientation
task. One FI student (FI-3) correctly presented
the reflection of the house-shaped figure across
the line y = - x. He was able to determine the
position of the house, the facing direction of
character S, and the positional changes of tree P
and the triangle after the transformation, indicating
that the spatial orientation indicator was achieved.
Based on the interview, FI-3 used a paper-folding
analogy to visualize the reflection process, as
shown in his statement: “/ folded the paper, Sir,
so the direction of the house goes here
[pointing to the correct position], and then |
just matched the points when it was folded.”
This response indicates that FI-3 had reached
the Process stage because he could mentally
simulate the reflection process through the paper-
folding analogy. He was then classified at the
Schema stage because his subsequent
explanation showed that he could generalize the
relationship between the mirror line, point

displacement, and changes in object orientation.
The use of the paper-folding analogy also suggests
that FIstudents’ spatial reasoning should not be
understood as purely abstract, because concrete
representation may function as a bridge for
mentally restructuring spatial relations in a
demanding orientation task.

FI-1 was also able to determine the reflected
position of the figure; however, he was not
accurate in identifying the final orientation or facing
direction of character S relative to other objects.
He reached the Process stage because he was
able to mentally imagine point displacement, but
did not progress to the Object or Schema stages
due to inconsistency in the final orientation.
Meanwhile, FI-2 failed to present the reflected
image and the facing direction of the objects; he
incorrectly drew the initial figure and did not
perform the transformation, indicating that even
the Action stage was not achieved.

a.

b hon berada Ai oisi belakang dari cicwa

¢ Seiian beroda di sichy kanan dari Sigwa

Figure 10. Example of FD student’s response
(FD-2)

Figure 10 shows an example of FD
students’ responses to the spatial-orientation task.
All FD students (FD-1, FD-2, and FD-3) failed
to present reflections across the line y=-x. They
drew only the initial figure, without showing the
reflected image or any changes in object
orientation. Interview data revealed that they
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experienced confusion when dealing with a
slanted mirror line and did not understand the
reflection procedure. This indicates that the
indicators of spatial orientation ability were not
achieved. Although all FD students were able to
draw the initial figure according to the given
coordinates, they remained at the Action stage
because they did not demonstrate any mental
processes or conceptual understanding of
changes in object orientation.

FI students also demonstrated limited
achievement, as only one student achieved the
established indicator. Theoretically, FI students
are expected to perform better in this aspect
because field independence supports spatial
updating and the internal adjustment of viewing
direction and object position (Harris, 2021; Nori
et al., 2023). However, difficulties appeared
when the task required students to determine
changes in facing direction after reflection across
aslanted line. The use of a paper-folding analogy
by FI-3 suggests that even FI students may rely
on concrete representations to support abstract
spatial reasoning when the task becomes
cognitively demanding. This indicates that spatial
orientation does not depend solely on visual
observation, but also requires conceptual
understanding of positional and perspectival
changes at a mental level. Such difficulty is
consistent with the view that perspective-taking
requires learners to move beyond their own
viewpoint and imagine spatial relations from
another position (Bruce et al., 2017; Harris,
2023). As aresult, spatial orientation imposes a
considerable cognitive on students, particularly
when the task requires them to coordinate object
position, mirror-line direction, and orientation
changes simultaneously (Xu etal., 2025).

Al FD students failed to achieve the spatial
orientation indicator. They only drew the initial
figure without presenting the reflected image
across the line y = —x or indicating the change
in the character’s facing direction after the

transformation. This suggests that the available
visual information supported FD students only at
the initial representation stage but was insufficient
to determine relative positions and orientation
from a new perspective. Their difficulty was
further reflected in their confusion about reflection
procedures involving a slanted mirror line,
indicating that both conceptual understanding of
reflection and the ability to mentally shift
perspective had not yet developed. This result is
consistent with the view that spatial orientation
and perspective-taking require learners to move
beyond immediate visual information and imagine
spatial relations from a different viewpoint (Bruce
etal.,2017; Harris, 2023).

From the perspective of APOS theory, clear
differences in thinking stages between Fland FD
students were observed in the spatial orientation
task. Among the FI students, FI-2 showed no
evidence of the initial action required in the task
because he was unable to correctly construct the
initial figure and did not perform the reflection
process. FI-1 reached the Process stage because
he was able to imagine point displacement, but
his understanding was not yet stable enough to
consistently determine the final orientation or
facing direction. Meanwhile, FI-3 reached the
Schema stage because he was able to connect
the position of the mirror line, point displacement,
and changes in object orientation into a coherent
reflection structure. This ability reflects reflective
thinking in coordinating multiple spatial processes
(Hasdi et al., 2024). It is consistent with the
APOS view that higher understanding develops
through the coordination of actions, processes,
and objects into a coherent schema (Borji et al.,
2018). In contrast, all FD students remained at
the Action stage because they were able to draw
the initial figure but did not demonstrate the mental
image manipulation required to update direction
and spatial position after reflection. This suggests
that their dependence on directly observable
representations may have limited the
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internalization of perspective changes and the
mental coordination of object orientation after
reflection (Harris, 2021; Nori etal., 2023; Xu
etal., 2025).

To synthesize the cross-case findings, Table
5 summarizes the APOS-based cognitive profiles
of Fl and FD students across the three aspects
of spatial ability.

Table 5. APOS-Based cognitive profile

Student

APOS-Based Cognitive Profile

FI-1 constructed Schema-level thinking in spatial visualization and mental
FI-1 rotation, but his spatial orientation remained at the Process stage because object
position and facing direction were not fully coordinated.

FI-2 did not establish the initial Action construction needed to interpret

FI-2 coordinates and initiate transformations across the three spatial aspects.
FI-3 constructed a schema when visual relations and reflection structures could

FI-3 be coordinated, but his mental rotation was constrained by a misconception
about the rotation center.

FD-1 FD-I reached Schema only ip cue-suppf)rted visualization, while tasks requiring
internal transformation remained at Action.

FD-2 FD-; organizec} Visil?le components into a cpherc.ent. visualization Schema, but
rotation and orientation processes were not interiorized.

FD3 FD-3 remained at Action because his responses showed initial representation

without mental transformation.

This synthesis shows that FI students
generally demonstrated more advanced APOS
constructions, particularly when tasks required
coordinating multiple spatial relationships.
However, this pattern was not entirely consistent
because prerequisite understanding also
influenced students’ progression across APOS
stages. In contrast, FD students tended to rely
more heavily on visible representations and
external cues, which supported visualization tasks
but limited the internalization processes required
for mental rotation and spatial orientation.

Cross-Aspect Analysis of FI-2

Although FI students generally
demonstrated higher spatial achievement, FI-2
showed a contrasting pattern, as he did not
provide sufficient evidence to reach the Action
stage across all three spatial ability aspects. In
the spatial visualization task, FI-2 was unable to
correctly identify the coordinates and construct
the basic shapes. This difficulty was reflected in
his interview response: “I did not understand, Sir.

I was also confused by the problem.” Similar
difficulties appeared in the mental rotation task,
where he marked only the initial points, without
drawing the rotated figure or determining the
resulting coordinates. In the spatial orientation
task, FI-2 also failed to reconstruct the initial
figure accurately and did not proceed to the
reflection process.

This cross-aspect pattern suggests that FI-
2’s difficulty was not simply related to cognitive
style, but was more strongly associated with weak
prerequisite conceptual and procedural
understanding, particularly in interpreting
coordinates and initiating transformation
procedures. From the APOS perspective, FI-2
did not demonstrate the initial external actions
required to begin the problem-solving process;
therefore, the higher stages of Process, Object,
and Schema could not be analyzed. This case
indicates that a field-independent cognitive style
may support spatial reasoning only when students
have sufficient foundational knowledge to meet
the task demands.
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However, these findings should be
interpreted with caution due to several limitations
of the study. This research involved only six ninth-
grade students from one junior high school.
Hence, the findings mainly reflect the
characteristics of the selected participants and
cannot be generalized to a wider student
population. The small number of participants may
also limit the transferability of the findings, because
students’ spatial ability and APOS thinking stages
may vary across different school contexts,
learning experiences, and levels of prior
knowledge. In terms of credibility, this study
sought to strengthen the trustworthiness of the
findings by triangulating written responses and
interview data. Nevertheless, the limited number
of cases means that the identified patterns should
be viewed as context-specific rather than as
stable patterns representing all FI and FD
students. Future studies could involve more
participants from different schools and examine
spatial ability in other mathematical topics
to obtain broader and more transferable
insights.

B CONCLUSION

The findings of this study show that students’
spatial ability in geometric transformation tasks
varied across cognitive styles, spatial aspects, and
APOS thinking stages. FI students generally
demonstrated higher and more diverse
achievement, particularly in spatial visualization,
although their performance in mental rotation and
spatial orientation remained limited and
inconsistent. In contrast, FD students showed
achievement mainly in spatial visualization and
experienced substantial difficulties in mental
rotation and spatial orientation. The APOS
analysis further revealed that FI students tended
to reach higher levels of thinking, including the
Schema stage. In contrast, most FD students
remained at the Action stage, except in spatial
visualization tasks, where clear visual and

coordinate-based support enabled some FD
students to reach the Schema stage. These
findings are important for mathematics education
because they show that spatial ability in geometry
learning is determined not only by cognitive style
but also by task demands, visual support, and
students’ prerequisite understanding. In addition,
APOS theory provides a useful framework for
identifying how cognitive style, visual support, and
prerequisite understanding interact in the
development of students’ spatial reasoning.

The results imply that geometry instruction
should explicitly support students in developing
mental image manipulation skills, understanding
transformation procedures, and coordinating
changes in spatial perspective. Teachers need to
provide structured visual support, concrete
representations, and gradual transitions toward
more independent mental manipulation, especially
for tasks involving rotation and spatial orientation.
At the same time, the findings should be
interpreted cautiously because this study involved
only six ninth-grade students from one junior high
school and focused specifically on geometric
transformation tasks within the APOS
framework. Therefore, the results are context-
specific and cannot be generalized broadly. Future
studies should involve more participants from
diverse school contexts and examine students’
spatial ability across other geometry topics to
yield broader, more transferable insights.

HE DECLARATION OF GENERATIVE
Al USAGE IN THE WRITING
PROCESS
During the drafting and revision of this

manuscript, the authors used ChatGPT to refine
sentence structure, improve academic language,
and assist with translating several sections of the
text. Following the use of this tool, the authors
reviewed and revised the content as necessary
and accept full responsibility for the final content
of'the article.
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