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Abstract

Colors play a complex role in education and teaching, such as directing attention,
regulating cognitive load and eliciting emotional responses. This study examined how colors affect
middle school students' perception of geometric area. Participants were asked to compare the
sizes of rectangles by looking at pairs of figures containing rectangles of different colors and
backgrounds. These pairs were created using combinations of colors warm, cold and neutral. Eye-
tracking data, including fixation count and gaze duration, were collected, and analyzed according
to students' Van Hiele Geometric Thinking levels and their school grade level. The results showed
that colored stimuli were processed more slowly than black-and-white designs. This suggests that
color complicates the cognitive process rather than simplifying it. It was also observed that low
figure-ground contrast can increase cognitive load and that warm-colored shapes tend to reduce
success due to perceptual illusions. Conversely, cold-colored backgrounds have the potential to
enhance performance. It was therefore concluded that color usage is a powerful tool that must be
carefully managed according to context. The results of this study can inform educational activities

related to attention, instructional material design, and learning psychology.
Keywords: color perception; geometric area perception; eye movement recording; eye tracking.

Resumen

Los colores desempefian un papel complejo en la educacién y la ensefianza, ya que
dirigen la atencidn, regulan la carga cognitiva y provocan respuestas emocionales. Este estudio
examind cémo los colores afectan la percepcion del drea geométrica por parte de estudiantes
de secundaria. Se pidié a las y los participantes que compararan los tamafios de los rectangulos
observando pares de pares de figuras con rectangulos de diferentes colores y fondos. Estos pares
se crearon utilizando combinaciones de colores calidos, frios y neutros. Se recogieron datos de
seguimiento ocular, incluyendo el recuento de fijaciones y la duracién de la mirada, que se
analizaron segun los niveles de pensamiento geométrico de Van Hiele del alumnado y su curso
escolar. Los resultados mostraron que los estimulos de color se procesaban mas lentamente que
los disefios en blanco y negro. Esto sugiere que el color complica el proceso cognitivo en lugar de
simplificarlo. También se observd que un bajo contraste entre la figura y el fondo puede aumentar
la carga cognitiva y que las formas de colores calidos tienden a reducir el éxito debido a las
ilusiones perceptivas. Por el contrario, los fondos de colores frios tienen el potencial de mejorar el
rendimiento. Por lo tanto, se concluyé que el uso del color es una herramienta poderosa que debe
gestionarse cuidadosamente segln el contexto. Los resultados de este estudio pueden servir de
base para actividades educativas relacionadas con la atencidn, el disefio de material didactico y la
psicologia del aprendizaje.

Palabras clave: percepcidn del color; percepcién del drea geométrica; registro de movimientos oculares;
seguimiento ocular.
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Introduction

The design of visual stimuli and materials has shifted in today’s information age from
being a matter of aesthetic preference to serving as a fundamental element in the effective
processing and transfer of information. In this context, color assumes a multifaceted role
by directing attention, regulating cognitive load, and evoking emotional responses through
its cognitive and psychological effects. Accordingly, how color shapes visual perception
and manages attention mechanisms in visual learning environments has become a central
research focus in educational design. In line with this perspective, the present study
examines the effects of color on visual learning and perception using an eye-tracking

approach.
Eye tracking in mathematics and geometry education

Eye tracking is a valuable method for determining where individuals focus their
attention, providing insights into the effectiveness of learning materials. This technology
allows researchers to analyze eye movements that are difficult to observe directly, such
as the sequence and duration of a user's focus on specific areas (Carter & Luke, 2020;
Duchowski, 2017). Due to its effectiveness, it is widely used in mathematics education
research (Strohmaier et al., 2020), with applications in various areas including numbers
and operations (Gomez et al., 2017; Miller Singley & Bunge, 2018; Obersteiner & Tumpek,
2016), mathematical representations (Andra et al., 2015; Atagi et al., 2016; Bolden et al.,
2015; Karaca et al., 2025), learning disabilities (Abreu-Mendoza & Arias-Trejo, 2015; Van Der
Weijden et al., 2018), problem solving (Dewolf et al., 2015; Tiurkoglu & Yalcinalp, 2024; Van
Marlen et al., 2018), and mathematical proof (Panse et al., 2018).

Eye tracking is frequently used in geometry research, where visuals play a significant
role (Chvatal et al.,, 2024; Schindler & Lilienthal, 2019; Solstad et al., 2025; Uygun et al.,
2024). This is attributed to the strong link between geometric thinking and visual perception
(Chvatal et al., 2024), as geometry integrates both visual and abstract logical thinking
(Schindler & Lilienthal, 2019). The eye-tracking approach is therefore highly valuable for
geometry studies (Algassab et al., 2018; Uygun et al., 2024). Research by Shvarts et al. (2019)
shows that non-prototypical shapes lead to more eye movements, suggesting individuals first
quickly recognize a shape before deciding on further analysis. Eye tracking is also effective
in identifying student difficulties and misconceptions regarding geometric concepts (Uygun
et al., 2024). Furthermore, eye movements reflect not only visual information focus but also
how sensory-motor feedback relates to cultural contexts (Chumachenko et al., 2025), which
can inform the design of more effective mathematics and geometry education materials
(Strohmaier et al., 2020).
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Color and visual perception in the learning process

While color is a perceptual characteristic based on visible wavelengths (Gilbert
& Schleuder, 1990). Its effects extend to individuals’ psychological states and cognitive
processes. Kwallek et al. (2007) mention that colors are directly linked to emotions,
significantly influencing mood and well-being. For instance, warm colors like red are
associated with increased arousal and attention, whereas cool colors like blue are often
linked to relaxation and satisfaction (Bellizzi et al., 1983; Birren, 1983). Furthermore, studies
suggest that color perception can differ based on gender (Gonzalez & Sueiro, 2017; Shibasaki
& Masataka, 2014).

The influence of color on perceptual processes is significant, often dominating other
visual elements like shape (Wang et al., 2020). Cognitively, processing colored images
requires less effort and time than black-and-white images (Gilbert & Schleuder, 1990), with
some findings even suggesting that dark colors can facilitate perception (Cukur & Giiller-
Delice, 2011). The perception of an object is also influenced by environmental factors, such
as background color and the harmony of color combinations (Mauderer et al., 2016; Wang et
al., 2020). These findings highlight the fundamental role of color in visual perception.

Written and visual stimuli are used intensively in education, making colors an
important part of the learning process (Ozcelik et al., 2009). Colors are powerful visual
elements that significantly enrich learning by influencing cognitive processes like perception,
memory, and the recall of visual stimuli (Dzulkifli & Mustafar, 2013). They guide emotional
responses and affect cognitive activities such as information processing, recall, and
association. Therefore, appropriate use of color can attract more attention and improve
recall (Skulmowski & Rey, 2018).

Research indicates that colors have a significant effect on learning, as their intensive
use in educational materials can positively impact cognitive processes. According to Ozcelik
et al. (2009), associating text and visuals with colors enhances learning by facilitating
information retention and the transfer of knowledge to long-term memory. Highlighting
specific words with color can also improve reading and comprehension by providing visual
cues (Song et al., 2021). Similarly, Skulmowski (2022) concluded that color coding and cues
in learning content can significantly improve retention and transferability, thereby boosting
learning performance. However, while colors can positively direct attention, they can also
have a negative impact by distracting learners toward irrelevant elements (Huang & Li, 2023).
Also, research indicates that red may have different effects on psychology and perception
(Shibasaki & Masataka, 2014), be more distracting than other colors (loan et al., 2007),
and negatively impact learning performance depending on individual differences (Gnambs

et al., 2015). However, colors can also positively influence learning motivation. Boyatzis
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and Varghese (1994) found that colors can evoke positive emotions like happiness and
excitement. Mazlum and Mazlum (2019) suggest that using colors such as blue, pink, and
white —which create positive emotions and do not impose spatial constraints— can increase
motivation for exploration and imagination, thereby improving learning efficiency. These
findings emphasize the importance of careful color planning in educational materials to
positively contribute to learning motivation.

Based on Mayer's (2009) Multimedia Learning Theory, the effective use of color is
essential for integrating visual and verbal information to optimize learning. Given that color
can positively influence learning outcomes and offer new insights into cognitive psychology
(She et al., 2024), its deliberate and functional use in educational materials is a vital tool for
improving learning quality and advancing the field.

In eye-tracking studies, color is a key feature that attracts attention and directs eye
movements (Lima & Ventura, 2023; Wang et al., 2020). Research using this technology shows
that colored cues reduce cognitive load by shortening learners' gaze duration, helping them
select and organize information, and ultimately improving academic performance (Li et al.,
2024; Mauderer et al., 2016; Ozcelik et al., 2009; Wang et al., 2020). Specifically, color
coding that links text and visuals in learning materials has been found to reduce distractions
and increase information access speed, which positively affects learning performance and
fixation time (Ozcelik et al., 2009).

Purpose and importance of research

This study investigated whether student success, number of fixations, and gaze
durations differ by color combination when perceptually comparing the areas of rectangle
pairs. This analysis was conducted across students at different Van Hiele Geometric Thinking
levels (VHGTL) groups and grade levels, as VHGTL is directly related to geometry knowledge,
and curriculum outcomes increase in higher grades. This approach is based on the strong link
between geometric thinking and visual perception (Chvatal et al., 2024), and the fact that
geometry combines visual perception with abstract logical thinking (Schindler & Lilienthal,
2019). Furthermore, colors are salient elements known to influence and direct perceptual
processes (Liu et al., 2021). While these connections are established, no previous study has
examined their effects on the perception and evaluation of geometric shape areas presented
with a colored background. The study's sample size is considered sufficient given its purpose,
as similar eye-tracking studies with high-resolution process data and carefully controlled task
conditions have employed comparable or smaller samples (e.g. Lai et al., 2013, Mason et al.,
2013).
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Consequently, this study aims to shed light on students' visual perception processes
and provide a novel example for research in geometry education. The research questions of

the study are determined as:

* Does success in perceptually comparing rectangle areas differ across item groups
among students at different VHGTL groups and grade levels?

* Do the number of fixations during area comparison differ across item groups
among students at different VHGTL groups and grade levels?

* Do gaze durations during area comparison differ across item groups among

students at different VHGTL groups and grade levels?

In this study, success (accuracy of chosen rectangle) was chosen as a measure,
consistent with previous research that identifies it as a key indicator of cognitive processing
efficiency in visual comparison tasks (Holmqvist et al.,, 2011). Eye-tracking metrics were
included to reflect attentional mechanisms: fixation count was used to show the distribution
of visual attention, while gaze duration indicated processing time and cognitive engagement
(Duchowski, 2017; Rayner, 2009). These variables are widely used in research to explore the
relationship between visual attention and task performance (Lai et al., 2013).

This study has significant theoretical and practical implications for the design of
educational materials. The findings will provide data-driven insights for various stakeholders,
including authorities who develop standardized tests. An analysis of student performance
on questions with different color combinations can provide empirical guidance for creating
more visually accessible and equitable assessments. The research's examination of eye-
tracking metrics like fixations and gaze duration can also inform the creators of print and
digital instructional content. By identifying how these metrics vary with different color
schemes, designers can select combinations that optimize focus and enhance learning. At
grade level, these results can empower educators to make research-backed decisions when
selecting and designing teaching aids, ensuring that color facilitates rather than hinders

student comprehension.

Method

Research design

The variables used in this study included: (1) success in perceptually comparing the
areas of rectangle pairs, defined as the accuracy of participants’ verbal responses; (2) the
number of fixations recorded by the eye-tracker for each item; and (3) the gaze duration,
representing the total time participants visually attended to each stimulus group. The

experimental design employed a within-subjects approach, where each participant was
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exposed to all nine item groups. The Visual Stimuli Form (VSF) was systematically constructed
from nine predetermined item groups that varied in background-figure color combinations

and rectangle area characteristics.
Participants

This study was conducted in two public middle schools located in a medium-sized
province in Central Anatolia, Turkiye. A total of 50 students in the 5th, 6th, and 7th grades of
middle school participated voluntarily, 28 females and 22 males, with ages ranging from 10
to 13 (M =11.65; SD = .51). Of these students, 27 were in the high VHGTL group and 23 were
in the low VHGTL group.

To select these participants, the VHGTL Test was previously administered to 196
students. Based on their scores, the 30 highest- and 30 lowest-scoring students were invited
to participate in the second phase, which involved an eye-tracking procedure. This approach
was used to maximize the variability in geometric thinking abilities between the high and
low VHGTL groups, which allowed for significant differences in eye-tracking behaviors to be
more effectively detected. Following this, students who failed the eye-tracking calibration or
chose not to participate were excluded from the sample, resulting in the final group of 50

participants.
Instruments
Van Hiele geometric thinking levels test

In line with the purpose of the study, the VHGTL Test was used to select participants
for data collection. This 25-item multiple-choice test, originally developed by Usiskin (1982)
and adapted into Turkish by Duatepe (2000), assesses five levels of geometric thinking, with
five items per level. Usiskin reported reliability coefficients of .39, .55, .56, .56, .30, and .26
for the test, while Duatepe calculated reliability values of .82, .51, .51, .70, .72, and .59,
respectively.

Visual stimuli form

The Visual Stimuli Form (VSF) developed by researchers was used during the eye-
tracking procedure. Each item in the form contained a pair of rectangles, either with equal or
different areas, presented against a background from a specific color group. The colors used
for the backgrounds and rectangle pairs were classified into three types: warm, cold, and
neutral. Red and yellow represented warm colors; blue and green represented cold colors;
and white represented neutral. Some example items of the rectangle pairs used in VSF are

given in Figure 1.
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Figure 1

Example items from VSF

ltem Color group of Color group of
group backgrounds rectangles Sample item
cc Cold Cold
cw Cold Warm
CN Cold Neutral
wWC Warm Cold
WwWw Warm Warm
WN Warm Neutral
NN Neutral Neutral
NC Neutral Cold
NW Neutral Warm
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VSF included four items per group: two with equal rectangle areas and two with
unequal areas. To prevent easy visual comparison and ensure participants had to process
the background and rectangle colors, the difference in area for the unequal pairs was kept
between 20% and 25%.

To ensure consistency in color tones, RGB codes were used: 255-255-255 for white,
255-0-0 for red, 255-255-0 for yellow, 0-0-255 for blue, and 0-255-0 for green. The items
were coded based on the color types of the background and rectangle pairs. Specifically, "C"
was used for cold colors, "W" for warm colors, and "N" for neutral. For example, an item with
a cold-colored background and warm-colored rectangles was coded as "CW." In this way,

nine distinct item groups were formed.
GazePoint GP3 eye tracker

GazePoint GP3 eye tracker was used to record participants' eye movements. This
display-based system operates at a 60 Hz sampling rate with a visual angle accuracy of 0.50
to 1.0 degrees. The device allows for head movement flexibility of up to 25 cm horizontally
and 11 cm vertically. The GazePoint Analysis Professional Edition software handled stimulus
presentation, calibration, and data collection. A five-point calibration was performed for each
participant. The eye tracker was paired with a 19-inch monitor set to a 1440 x 900 pixel

resolution.
Procedure

The eye-tracking procedure was conducted individually in a quiet, dimly lit school
library to minimize distractions. Before the test, each student was briefed on the procedure,
and a five-point calibration was performed. A pilot study with three non-participating
students determined an eight-second time limit per item. To prevent carryover effects from
previous images, a plus sign on a black background was displayed for one second between
each item. Participants advanced to the next item by pressing the "space" key at their own

pace.
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Figure 2

Process Diagram

[ Determining the schools where the study will be conducted ]

¥

Informing students at the school about the study and obtaining the
necessary legal permissions

A4

N
[ Administration of the VHGTL test to students who volunteered to

participate in the study

¥

Determining the 30 students with the highest scores and the 30

N

students with the lowest scores among those participating in VGHTL

J

A4

4 )
Conducting a pilot eye-tracking application with three students who

did not participate in the main study for VSF

¥

Performing eye tracking on participants identified by VHGTL

¥

Analysis and interpretation of data

For the main study, items were presented to participants in a fixed but random order.
Students were instructed to compare the areas of rectangle pairs perceptually, without
performing any calculations, and to state their answers aloud. The average session duration
was 164 seconds, with a range of 103 to 264 seconds.

The Visual Stimuli Form (VSF) was created with standardized digital properties,
ensuring uniform color and size for all visual elements. Stimuli were organized into nine
distinct item groups based on varied background-figure color combinations. Each group had
four items, with an equal number of identical and subtly different areas to prevent bias.
The magnitude of the area differences was controlled to maintain a consistent level of visual
difficulty across all stimuli.
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Moreover, the eye-tracking task was conducted individually in a quiet, dimly lit school
library to minimize distractions and optimize data quality. Before the task, each participant
underwent a five-point calibration to ensure tracking accuracy. Stimuli were presented on
a 19-inch monitor (1440 x 900 resolution) using a GazePoint GP3 eye tracker with a 60 Hz
sampling rate. Items were shown in a fixed, randomized order to control for potential order
effects. A pilot study established an eight-second upper time limit per item. Participants

responded verbally at their own pace, and their answers were recorded.
Data analysis

At the conclusion of data collection, three independent variables were extracted for
each participant: success, number of fixations, and gaze duration per item group. For the
success variable, verbal responses were coded as 1 (correct) or O (incorrect), with total
success scores calculated for each of the nine item groups. Each item group was analyzed
separately for these three variables. Since none of the variables were normally distributed,
Friedman's test, the non-parametric equivalent of repeated-measures ANOVA, was used to
determine significant differences among the nine item groups. When significant differences
were found, Dunn's post-hoc test was applied to identify the specific groups where these

differences occurred.
Ethical considerations

This study fully complied with ethical guidelines for human participant research.
Official approvals were secured from all relevant institutions, and written informed consent
was obtained from the parents of all student participants, who were under 18. Students
were fully informed about the research's purpose and how their data would be used. To
ensure participant anonymity and confidentiality, no personal identifying information was
requested or recorded. Participation was entirely voluntary, and students could withdraw at

any time without consequence.

Results

Does success in perceptually comparing rectangle areas differ across item groups
among students at different VHGTL groups and grade levels?

Students’ success scores on the Visual Stimuli Form (VSF) were analyzed based on the

item groups. The mean rank values obtained from the analysis are presented in Table 1.
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Table 1

Mean ranks of the success scores on the VSF according to item groups

[tem group
Participant group cc cw CN wC ww WN NN NC NW
Low VHGTL 472 524 624 409 446 539 548 487 452
High VHGTL 567 444 529 473 456 529 550 519 433
5t grade 533 503 547 443 500 530 573 523 347
6t grade 466 453 584 466 461 563 495 495 518
7t grade 585 504 596 4.04 381 496 6.00 492 442

Note CC = cold-cold, CW = cold-warm, CN = cold-neutral, WC = warm-cold, WW = warm-warm, WN = warm-

neutral, NN = neutral-neutral, NC = neutral-cold, NW = neutral-warm.

According to Table 1, the item group with the lowest success score was WC for
students in the low VHGTL group, and NW for both students in the high VHGTL group and
5th-grade students. In contrast, 6th-grade students demonstrated the lowest score in the
CW item group, whereas 7th-grade students showed the lowest performance in the WW
item group. On the other hand, when the item groups with the highest success scores
were examined, it was found that students in the low VHGTL group and 6th-grade students
performed best in the CN item group, while students in the high VHGTL group achieved the
highest scores in the CC item group. Additionally, both 5th- and 7th-grade students exhibited
the highest scores in the NN item group.

According to the results of the Friedman test, only the students in the Low VHGTL
group showed a statistically significant difference between the item group scores ()((28)=18.22,
p=.02). However, the post-hoc analysis using the Bonferroni correction revealed that none
of the pairwise comparisons reached statistical significance (p > .05). Therefore, it was
concluded that there was no statistically significant difference between the success scores

across item groups for students in the low VHGTL group.

Do the number of fixations during area comparison differ across item groups
among students at different VHGTL groups and grade levels?

The number of fixations of the students based on item groups was analyzed, and the

mean rank values of the results were provided in Table 2.
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Table 2

The mean ranks for the number of fixations according to item groups

[tem group
Participant group cC cw CN wC ww WN NN NC NW
Low VHGTL 6.39 367 463 522 502 554 463 500 5.00
High VHGTL 515 441 494 469 535 483 631 454 478
5t grade 6.19 403 397 539 542 511 572 472 444
6t grade 6.5 413 500 482 497 561 468 458 471
7t grade 392 404 565 427 523 458 654 504 573

Note CC = cold-cold, CW = cold-warm, CN = cold-neutral, WC = warm-cold, WW = warm-warm, WN = warm-

neutral, NN = neutral-neutral, NC = neutral-cold, NW = neutral-warm.

According to Table 2, the lowest number of fixations was observed in the CW item
group for both the low and high VHGTL groups. Additionally, the low VHGTL group exhibited
the highest number of fixations in the CC item group, while the high VHGTL group showed
the highest number of fixations in the NN item group. Regarding grade levels, 5th- and
6th-grade students had the highest number of fixations in the CC item group, whereas
7th-grade students exhibited the highest number of fixations in the NN item group. The
lowest number of fixations across grade levels was found in different item groups featuring a
cold background. However, no statistically significant difference was observed in the number
of fixations according to VHGTL and grade levels (p>.05). To clarify, for all student groups, the
number of fixations did not demonstrate a significant difference between the item groups.

Do gaze durations during area comparison differ across item groups among
students at different VHGTL groups and grade levels?

The gaze durations of different student groups were analyzed based on item groups,

and the results were presented in Table 3.
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Table 3

Mean ranks for the gaze duration according to item groups

[tem group
Participant group cc cw CN wcC ww WN NN NC NW
Low VHGTL 6.30 441 565 6.24 526 6.13 100 491 5.09
High VHGTL 6.04 493 533 541 526 6.11 1.00 544 548
5t grade 6.78 500 433 633 544 594 100 544 472
6t grade 6.37 463 568 574 553 642 100 442 521
7t grade 5 435 677 512 462 592 100 6.00 6.23

Note CC = cold-cold, CW = cold-warm, CN = cold-neutral, WC = warm-cold, WW = warm-warm, WN = warm-

neutral, NN = neutral-neutral, NC = neutral-cold, NW = neutral-warm.

At first glance at Table 3, it is observed that the lowest gaze duration for all student
groups was recorded in the NN item group. It was found that students with low VHGTL
exhibited the highest values in the CC item group, while students with high VHGTL exhibited
the highest values in both the WN and CC item groups, with the WN item group slightly
ahead.

When the data were analyzed according to grade levels, a similar pattern was
observed: 5th-grade students exhibited the highest values in the CC item group, while
6th-grade students exhibited the highest values in both the WN and CC item groups, with
the WN item group again slightly ahead. For 7th-grade students, the highest gaze duration
was exhibited in the CN item group, differing from 5th and 6th-grade students, as was the
case with the number of fixations. The Friedman test showed that there could be statistically
significant differences in the gaze durations of certain groups of items across all groups
(p<.001). Dunn's post-hoc test was performed to determine between which item groups
these differences occurred, and the results are presented in Table 4. The table shows the test
statistics for pairwise comparisons between the reference group NN and other substance

groups in each participant group.
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Table 4

Post-Hoc test statistics for the gaze duration

Item group
Participant group NN-CC NN-CW NN-CN NN-WC NN-WW NN-WN NN-NC NN-NW
5t grade -6.33"  -438" 365 584" -487°  -5.42° -487 -4.08"
6t grade -6.04" -4.09° -527° -533° 509" -6.10° -3.85 -4.74"
7th grade -3.72° 312 5377 383" 337" -458 -466  -4.87"
Low VHGTL -6.57° -423° 576" -6.49° 528" 635" -485  -5.06"
High VHGTL -6.76° -5.27° -581° -591° 571" -6.86 -5.96  -6.01"

Note CC = cold-cold, CW = cold-warm, CN = cold-neutral, WC = warm-cold, WW = warm-warm, WN = warm-
neutral, NN = neutral-neutral, NC = neutral-cold, NW = neutral-warm.
* p<.001.

According to Table 4, statistically significant differences were observed between the
gaze duration of the NN item group and those of all other item groups across all student
groups, and it was concluded that all these differences favored the NN item group, which
had the lowest gaze duration. However, based on the adjusted significance values obtained
through the Bonferroni correction, it was concluded that the only difference between the
gaze durations of the NN and CW item groups was not statistically significant only in the

7th-grade student group (adjst. p > .05).

Discussion

Given that colors strongly influence attention and perception (Liu et al., 2021), this
study investigated whether the success, number of fixations, and gaze durations of students
—at different VHGTL gropus and grade levels— differed when they perceptually compared
the areas of rectangle pairs in various item groups based on color combinations.

Success on the VSF did not vary by grade level or VHGTL group, as no statistical
difference was found in the number of correctly answered item groups. This suggests that
the different color combinations of backgrounds and shapes did not significantly influence
students' accuracy in perceiving and discriminating between the areas of rectangles. This
finding contradicts Liu et al.'s (2021) assertion that colors can influence perceptual processes.
However, despite the lack of statistical significance, some differences were observed. These
variations, though not significant, were examined in the context of the background colors
and the rectangle pair colors.

The highest success for both VHGTL groups was observed in cold background item

groups (CC for the high-level group and CN for the low-level group). Conversely, the lowest
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success was in the NW item group for the high VHGTL group and the WC group for the
low VHGTL group. This suggests that the areas of rectangles were perceived more accurately
when presented on a cold background, an observation that aligns with Kamaruzzaman and
Zawawi's (2010) finding that neutral colors with cold tones can enhance perception. The
higher success on cold-colored backgrounds may be due to the relaxing effect associated
with these colors (Birren, 1983; Tellioglu & Satici, 2022), or their functionality in tasks
requiring creativity and association (Mehta & Zhu, 2009).

The finding that students were more successful, though not statistically significant, in
comparing rectangle areas with a cold background led to several suggestions for educational
and instructional design. An analysis of the rectangle colors revealed that success was also
higher, though not statistically significant, for items with neutral-colored rectangles across
all groups except the high VHGTL group. Conversely, success was lowest for items with
warm-colored rectangles in all groups except the low VHGTL group. Findings suggest that
neutral colors may enable more accurate perception of area, aligning with Kamaruzzaman
and Zawawi's (2010) assertion that neutral colors mixed with cold tones can stimulate
perception. In contrast, warm colors appeared to make area perception more difficult. This
could be due to a perceptual bias where warm colors, particularly red, are perceived as being
closer and larger than they are, which may have reduced the number of correct answers for
those items (Guibal & Dresp, 2004).

Within the second research problem, a non-statistically significant change in the
number of fixations to item groups was observed across different grade levels and VHGTLs.
This finding suggests that various color combinations of shapes and backgrounds could affect
eye movements (Mauderer et al., 2016; Wang et al., 2024). These findings are interpreted
in light of existing literature. Poursafar et al. (2016) found that people prefer situations with
different color combinations over those with the same colors, suggesting that the difficulty
of distinguishing shapes from backgrounds might be a factor. Li et al. (2024) and Wang et al.
(2024) emphasized that color harmony and contrast affect visual appeal. In this study, color
combinations from the same group (e.g., cold-warm or neutral) attracted more attention
and a higher number of fixations. However, the lowest number of fixations were observed
on cold-colored backgrounds across all student groups. Additionally, fewer fixations were
recorded for most students when looking at item groups with warm-colored rectangles.
These results are supported by Hurlbert and Ling's (2012) finding that the effects of red differ
based on whether it is in the background or foreground.

The highest number of fixations occurred in item groups where the rectangle pairs and
background belonged to the same color group, suggesting that it may have been difficult
for participants to distinguish the shape from its background. This finding is consistent

with research suggesting that distraction increases unnecessary visual searches, leading to a
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higher number of fixations (Navalpakkam & Itti, 2005); Lima & Ventura, 2023). Conversely,
when gaze durations were examined, the lowest gaze duration was observed in the NN item
group across all student groups, a difference that was found to be statistically significant. This
result contradicts the conclusion by Gilbert and Schleuder (1990), who claimed that colored
visuals require less cognitive effort and longer processing time than black-and-white ones.

This study found that gaze duration increased on colored images, with objects on cold-
colored backgrounds being viewed for longer periods. This indicates that both object and
background colors can affect gaze duration (Mauderer et al., 2016; Wang et al., 2024). These
results align with the finding that gaze is directed towards salient and distinctive features
of stimuli (Lima & Ventura, 2023), and color is a crucial element for the identification and
discrimination of objects (Gilbert & Schleuder, 1990; Wang et al., 2020).

Conclusions and implications

The results of this study show that manipulating visual design elements, especially
shape-ground color combinations, can significantly affect perceptual judgment and visual
attention during area comparison tasks. This is consistent with prior research indicating that
colors can direct attention and enhance cognitive processing in multimedia environments
(Ozcelik et al., 2009). From a cognitive load theory perspective, these findings underscore
the importance of well-designed visual stimuli. Using appropriate contrast and signaling can
reduce unnecessary processing, which is particularly beneficial for young students who are
still developing their perceptual strategies (Mayer, 2009).

The findings offer direct, actionable insights into instructional design. While not all
differences in fixation values were statistically significant, key numerical variations were
identified. An important observation was that the number of fixations increased when the
geometric shape and its background were from the same color group. This implies that low
color contrast makes perceptual discrimination more difficult and increases cognitive effort.
Student success was also noticeably affected by specific color palettes. A trend showed that
students were more successful when comparing shapes against cold-colored backgrounds,
suggesting these colors may support performance without causing distraction. Conversely,
success decreased when the shapes themselves were displayed in warm colors. This could be
due to a perceptual illusion where warm colors are perceived as closer and therefore larger
(Guibal & Dresp, 2004), which can lead to errors in tasks requiring area comparison. Based
on these findings, it may be beneficial to use cold colors for backgrounds in instructional
materials to potentially support student performance. However, caution should be exercised
when using warm colors for shapes, as they can cause perceptual illusions and increase

error rates. Lastly, it is important to remember that color isn't always a necessary element;
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for certain tasks, simple and clear black-and-white designs can also be highly effective and
processed quickly.

The association of warm colors with lower success, though not statistically significant,
suggests their potential to create perceptual illusions. In mathematics education, this
could pose a problem, as tasks assessing geometric understanding, such as comparing
areas, should be independent of color-induced biases. Therefore, it is recommended that
instructional designers and teachers avoid using warm colors for objects in assessment
tasks that require area comparisons. Additionally, the results emphasize the importance
of shape-ground contrast. The increase in fixations caused by low-contrast combinations
may indicate visual attention distraction and an increased cognitive load for the student
(Duchowski, 2017; Rayner, 2009).

Contrary to the common assumption that color always simplifies tasks, the finding that
it increases gaze durations offers an important perspective for educators and instructional
designers. This suggests that color is not merely an attention-grabbing tool but an element
that requires deeper cognitive processing. Therefore, the use of color should be purposeful
and aligned with pedagogical goals. While simple black-and-white worksheets may be more
efficient for quick computational tasks, carefully designed colors can be used to direct
attention and increase engagement.

The results of the study showed that NN items were processed quickly and that colored
items prolonged processing time. Future studies may focus on distinguishing whether this
increased viewing time represents deeper cognitive processing or distraction. Additionally,
the potential of cold backgrounds to enhance success and the risk of warm-colored figures
creating perceptual illusions, as observed in this study, can be statistically compared in
studies with larger and more diverse samples.

In conclusion, this study showed that color combinations alone do not have a
statistically significant overall effect on student achievement, but that the effect of color
is highly contextual. At the practical level, the findings reveal that shape-ground contrast is
a fundamental requirement for ensuring perceptual clarity and minimizing cognitive load. A
notable theoretical finding is that color does not always reduce cognitive effort. Indeed,
a significant finding of the study is that the fastest processing time was measured in
NN images, and the presence of color increased processing time. This suggests that color
may encourage deeper interaction rather than simplifying the cognitive process. Ultimately,
this study emphasizes that color is not a universal solution in educational materials but
rather a powerful tool whose effect must be carefully managed depending on the context

(background, shape, contrast).
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Limitations and suggestions

This study has several limitations that should be considered. First, due to the small
sample size and the non-normal distribution of the data, non-parametric statistical tests
were used. While these tests were appropriate, they may lack the statistical power of
parametric tests, which could have yielded more robust and generalizable results had a
larger sample been available.

Second, the study's design used a fixed set of visual stimuli with prototype rectangles
and controlled color combinations. This approach, while ensuring internal consistency,
limits the ecological validity of the findings. In real-world educational materials, students
encounter a wider variety of shapes and more complex visual contexts. Future studies should
include a broader range of shapes and intermediate or blended colors to better simulate
authentic learning environments.

Thirdly, only a limited set of eye-tracking metrics (fixation counts and gaze durations)
were used. While these provide valuable information about attention, they offer only a
partial view of cognitive processes. Future research should incorporate additional indicators
such as time to first fixation, fixation duration, revisits, and saccade lengths to gain more
comprehensive insights.

Moreover, study includes its homogeneous sample of similarly aged middle school
students, which may have contributed to the lack of significant differences between
subgroups. Future research with a wider age range —from primary to high school— could
reveal more pronounced developmental and perceptual differences.

Additionally, the study did not collect biometric data (e.g., facial expressions, heart
rate) to assess participants' emotional or affective engagement. As affective factors can
influence academic outcomes, with positive environments enhancing self-efficacy (Simdes &
Silva, 2022), and affective comfort improving spatial skills (Nunes & Mamede, 2021), future
studies should incorporate such data to understand how emotional states might influence
the estimation of geometric shape areas.

Finally, the research used a purely quantitative approach, which limited the depth of
contextual understanding. Future studies could adopt a mixed-methods approach, including
qualitative data like students’ verbal reports or gaze path analyses, to gain richer insights into

how learners process visual stimuli.
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