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Abstract – Reading is a fundamental ability that most 
students must acquire in academic settings; however, 
many have significant challenges in comprehending the 
entire book.  Students frequently employed notetaking 
and the use of highlighters to enhance their reading 
proficiency. The learners' capabilities have been 
substantially impacted by the COVID-19 pandemic, 
which has hindered educational institutions from 
conducting in-person lessons. One method to tackle this 
issue is to proficiently provide suitable educational 
resources for online learning environments. This study 
seeks to examine the correlation between specific eye 
movement metrics and identify the variables that could 
enhance the reading ability of students enrolled in an 
online course. Twenty university students were enlisted 
as participants; a pre-test and post-test were 
administered to evaluate their reading proficiency 
objectively. The combination of pictures and colored 
text significantly affects reading performance. 
Surprisingly, the learning materials with pictures, text 
with colour, and audio support have less effect on 
reading performance since the text contains audio 
support. Therefore, combining colored keywords and 
photographs might be a consideration for producing 
proper online learning material. 
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1. Introduction

Reading is a fundamental skill that most students, 
particularly university students, must master in class. 
Currently, many students need help to read narrative 
texts. The focus was primarily on the meanings of 
individual words and the arrangement of the text, 
rather than on the overall content. There was a lack of 
interest in reading texts, especially narrative ones, due 
to difficulties in identifying the main idea or 
describing it [1]. Prior research on reading 
performance has concentrated primarily on working 
memory and display size. However, the study on the 
effect of screen size on comprehension skills is 
frequently contradictory. According to several studies, 
the electronic medium had no negative impact on 
comprehension and, in some cases, significantly 
improved comprehension outcomes [2]. Certain 
presentation elements, such as sentence splitting 
across pages due to decreased display sizes, might 
hinder comprehension because they overload working 
memory [3]. 

Academic performance and working memory have 
a lengthy association. It has been demonstrated that 
certain features of electronic texts, such as typed and 
hypertext notes, increase cognitive load. In contrast, 
some specific elements of recall were also impaired by 
electronic text [4]. According to prior research, 
several kinds of e-readers, including those that used e-
ink technology, had no significant effect on learning 
[5]. 

On December 31, 2019, in Wuhan, China, a new 
pneumonia virus was discovered and recognized as a 
coronavirus known as COVID-19 [6]. In a span of 
months, it spread rapidly worldwide. On March 11, 
2020, the World Health Organization (WHO) declared 
COVID-19 a pandemic due to the virus's rapid spread 
and severe symptoms [7].  
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Governments around the world have shut down 
schools and outlawed public gatherings. Virtually one 
billion students across the globe were impacted by the 
COVID-19 pandemic's school and university closures 
[8].  

Educational institutions employ a range of online 
learning platforms, each with distinct capabilities and 
methodologies to enhance the learning experience [9]. 
Various pedagogical approaches are employed by 
universities, including direct online lectures, recorded 
audio and video lectures, shared digital resources, and 
blended learning methodologies [10]. utilizing 
additionally online evaluation methods including 
quizzes, examinations, and assignments [11]. In 
response to the COVID-19 pandemic, institutions of 
higher learning transitioned to a model of online 
education. The pandemic had a significant effect on 
students, teachers, and overall educational outcomes 
[12]. Regrettably, a significant number of educational 
institutions, educators, and learners found themselves 
ill-equipped for this novel experience. 

For quite some time, online education was 
considered a good alternative to traditional on-campus 
education for a selected group of students who were 
older, busier, and had more job and financial 
obligations [13], [14]. Nevertheless, the educational 
landscape was swiftly and irrevocably transformed 
within weeks of the COVID-19 pandemic's start in 
December 2019. Data from the UN and UNESCO 
indicates that the epidemic has had the greatest impact 
on educational systems ever seen. 

In-person classes were promptly halted, leading to 
the adoption of emergency online learning as the most 
viable alternative. This intervention, while effective in 
controlling disease transmission, has imposed 
considerable strain on all participants in the 
educational process [15]. This was particularly 
evident for instructors and learners requiring 
additional experience with online learning, who were 
compelled to engage with minimal support. 
Additionally, many higher education systems lacked 
the necessary equipment to effectively deliver online 
learning to all students at scale [16]. 

Students regularly engage in note-taking and 
highlighting to fulfill these requirements, which 
necessitate the use of such peripherals [17]. 
Nonetheless, these critical features require further 
refinement, especially in e-readers such as e-books. 
Certain technologies do not permit the use of color for 
text and images, which is a significant limitation [18]. 

Visual stimuli utilized in eye-tracking research 
provoke human visual behavior or cognitive 
processes. Observers ought to establish an ocular 
movement parameter to assess visual performance. 
Fixations and saccades are two extensively researched 
ocular movements generated by the human visual 
system.  

In human-computer interaction and psychological 
research, fixation refers to a relatively stable condition 
of eye movement, while a saccade denotes a rapid eye 
movement between successive fixations. The period 
of fixation necessary for scene processing differs by 
task, influenced by the cognitive processes involved; 
observers need a minimum of 150 ms to encode 
sensory characteristics [19]. 

Eye-tracking technology is essential in 
computational cognitive research as it can document 
online cognitive activities [20]. This method has been 
extensively employed by neuroscientists and 
psychologists to examine essential cognitive 
processes in information processing. Moreover, in 
recent years, the eye-tracking method has been 
extensively employed to elucidate complex visual 
cognition, including scene perception, visual search, 
and natural tasks – providing a wealth of information 
about how people perceived their surroundings and 
interacted with real-world objects [21]. As a result, it  
can be accurately revealed that individuals' attitudes 
toward objects or subjects using eye-movement 
patterns obtained from an eye tracker. 

Previous research has demonstrated that adding 
pictures and illustrations in learning materials or 
multiple representations in children has an 
inconsistent effect on comprehension. It suggested 
that illustrations might diminish reading 
comprehension [22], [23]. Others demonstrated that 
illustrations improved reading comprehension at all 
reading levels [23]. Young readers may require a more 
thorough comprehension of the role of illustrations 
and, thus, may not give them adequate attention. The 
process approach facilitated by eye-tracking 
methodology allowed for direct observation of 
reading behavior. 

Previous studies have focused on measuring 
reading performance using keywords and pictorial 
representation [22], [23], [24]. However, there is a 
limited research on the effect of pictorial 
representation and colored keywords with the 
integration of audio support on reading performance 
that could help learners and educational institutions 
improve learning materials. Thus, the current study 
utilizes audio support and integrates colored keywords 
and pictorial representation to develop the proper 
learning material design to improve reading 
performance. Previous study has shown that the 
multiple representation effect could be more 
consistent [23]. It was hypothesized that young 
readers should pay extra attention to illustrations 
because they may not fully grasp their purpose [24]. 
The process approach provided by eye-tracking 
methodology provided an opportunity to test these 
assumptions through direct (eye-tracking) 
observations of reading behavior. The study seeks to 
examine the relationship among specific eye 
movement stimuli.  
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Moreover, to determine valuable information in 
designing proper online learning material. Finally, to 
predict the variable that might be used to generate an 
appropriate material design for improving reading 
performance. 

The analysis employed various metrics of eye 
movement:  

1) Total reading time, defined as the cumulative 
fixation durations within the area of interest (AOI), 
indicates the overall difficulty and cognitive effort 
required to process reading materials;  

2) Mean fixation duration, representing the average 
duration of all fixations within the AOI, reflects the 
time required by readers to process words or 
illustrations (longer mean fixation durations on a word 
typically suggest challenges with word-decoding, 
while longer durations on illustrations often indicate 
difficulties in comprehension); 

 3) The number of fixations, which quantifies the 
total fixations within an AOI, serves as a measure of 
the reader's attention and cognitive engagement with 
the text;   

4) Fixation duration, specifically the AOIs divided 
by total fixation duration during the reading episode, 
illustrates selective attention to specific target regions 
during reading [24]. 

This study investigated the impact of incorporating 
colored text, images, and audio support to find the best 
combination for increasing reading ability. All 
participants were tested, as shown in Figure 1. 

 

 
 

Figure 1.  Diagram of the correlation of each variable 
 

 
 
 
 
 

Independent Variables: 
 

A: Colored text  
B: Picture  
C: Audio support  
AB: Colored text with picture  
AC: Colored text with audio support  
BC: Picture with audio support 
ABC: Colored text, picture, and audio support  
 

Dependent Variables: 
  

SD: Saccade duration 
FD: Fixation duration 
NF: Number of fixations 
RS: Reading score 
 

2. Methodology 
 

This section outlines the methodology and 
experimental design employed in this research study, 
which aims to investigate the effects of various stimuli 
on reading performance among university students. 
The participants were carefully selected based on 
specific criteria to ensure a controlled environment for 
data collection. The procedures, reading materials, 
independent and dependent variables, and statistical 
analyses are detailed to provide a comprehensive 
understanding of the study's framework. 

 
2.1. Participants 

 
All participants underwent the Ishihara Colour 

Vision Test to assess the presence of color blindness 
among them. Twenty university students taking online 
classes were the participants of this research [25]. 
They were not paid with academic credits. The 
participant was required to be an enrolled student at 
the university. Students were selected as volunteers in 
the experiment due to their proficiency with academic 
texts. Secondly, all subjects were required to possess 
or be corrected to normal visual acuity. Third, students 
were mandated to possess a native tongue distinct 
from English. They must have English language 
certifications such as TOEFL or TOEIC tests 
reflecting their English language skills. The minimum 
score of their English test is around 450-500, which 
indicates an intermediate level) standardization score 
in understanding proficiency tests for international 
students. Prior to the study, subjects were evaluated 
for visual acuity and color vision using the Enchroma 
color vision test. These tests aimed to reduce the 
variability of the data. 
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In this research, participants are recruited as 
respondents and required to collect the data from the 
experiment. Twenty international students were 
involved in this experiment and had to pass the 
required requirements, such as the eye-blind test and 
TOEFL test, at around 450-550 before experimenting. 
The identification of participants can be seen in Table 
1. 

 
Table 1.  Page layout description 

 

Participant Gender Age TOEFL  
Score 

1 Female 21 530 
2 Male 27 500 
3 Male 60 520 
4 Male 31 500 
5 Male 25 543 
6 Male 30 500 
7 Female 25 500 
8 Male 23 520 
9 Male 25 500 

10 Male 23 512 
11 Female 26 515 
12 Female 27 515 
13 Male 28 500 
14 Male 25 527 
15 Female 27 526 
16 Male 29 530 
17 Female 25 520 
18 Male 38 510 
19 Female 25 512 
20 Female 23 508 

 
2.2. Experimental Layout 

 
The experimental layout depicted in Figure 2 

illustrates the positioning of devices and equipment, 
including their distances and angles. Eye movement 
data were collected utilizing a Tobi-Pro Nano eye 
tracker, which operates at a sampling rate of 60 Hz and 
possesses an accuracy of 0.04 degrees of visual angle 
[26]. The distance from the screen to the participant 
measures 80 cm. The Tobii eye tracker was placed 60 
cm in front of the participant. To ensure consistent 
relative distances between each device and the 
participant, each device was secured and marked with 
adhesive tape. The participant performed the task in a 
dark room measuring 2.5 x 2.0 x 2.37 m, equipped 
with cream-colored curtains to obstruct light and 
enhance the quality of the environment.  

 
 
 
 
 

The velocity threshold was established at 30 
degrees per second [27]. All devices were identified 
and secured using adhesive tape. The experiment was 
conducted in a standardized room featuring cream 
curtains and walls to establish an optimal 
environment, ensuring uniform treatment for all 
participants during online classes. 

 

 
 

Figure 2.  Experimental layout 
 

2.3. Procedures 
 
Participants with a TOEFL score between 450 and 

550 during the experiment's first phase were recruited. 
Then, their color vision was examined using Ishihara 
Color Vision utilizing the Echroma color blind test to 
ensure that they have normal color vision [28]. After 
passing this exam, the calibration is done; it is 
essential to capture the data accurately. In this step, 
each participant should follow the dot's movement 
accurately in nine points shown on the monitor. The 
result of data loss should be less than 5% to have high 
accuracy in capturing eye movement. Then, the 
participants were asked to read the stimulus with 
colored text, images, and audio. After completing each 
stimulus, they were given a five-minute break 
following the Pomodoro technique to maximize their 
productivity and reading attention. Therefore, the 
participants completed their tasks using Tobii Pro 
Nano to record their reading score (RS), fixation 
duration (FD), number of fixations (NF), and saccade 
duration, all of which influenced Reading 
Performance (Figure 3). Finally, a post-test was 
conducted for each reading material, composed of four 
questions, and each participant needed to answer the 
questions to measure their reading score and assess 
reading comprehension for each stimulus. 
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Figure 3.  Eye tracking experimental flow chart 
 

2.4. Reading Materials for Stimuli 
 
In this study, the reading task utilized a PowerPoint 

created by the PowerPoint presentation guidelines. 
The font used in this study is Tahoma 22 PT, and the 
page margins are 90 percent to ensure that the 
participant can see the screen. As a foundation, the 
text was written in black, and the keywords were 
highlighted in yellow. Using a yellow filter for three 
months, as opposed to no filter, greatly reduced 
reading difficulties, as shown by [29]. They postulated 
that the magnocellular system would get more 
information if the filters were yellow, and they 
thought colored filters would be a good intervention 
for delayed readers [30]. 

 This study employs read-aloud as one of the 
variables influencing the dependent variable. The 
decibel volume used in this study was between 70 and 
80 dB for a small room. The following is the 
developed material layout design: 

Material A: Colored text (Figure 4) 
Material B: Plain text with picture (Figure 5) 
Material C: Plain text with audio support (Figure 6) 
Material D: Colored text with picture (Figure 7) 
 
 

Material E: Colored text with audio backing 
(Figure 8) 

Material F: Picture with audio support (Figure 9) 
Material G: Colored text, picture, and audio 

support (Figure 10) 
 

 
Figure 4.  Colored text 

 

 
Figure 5.  Plain text with picture 

 

 
Figure 6.  Plain text with audio support 

 

 
Figure 7.  Colored text with picture 
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Figure 8.  Colored text with audio support 

 

 
Figure 9.  Picture with audio support 

 

 
Figure 10.  Colored text, picture, and audio support 

 
2.5. Independent Variables 

 
The present study had three independent variables: 

colored text, images, and audio support. It is believed 
that colored text is humans' most significant visual 
experience [31]. It has been discovered to be essential 
in enhancing memory performance and a robust 
information channel to the human cognitive system 
[32]. According to the research by Roslina [33], 
picture storybooks can improve students' reading 
skills and desire to read [33]. It indicates that it may 
enhance students' reading performance. 

 
 
 
 
 
 
 
 

2.6. Dependent Variables 
 
This study examined six dependent variables: 

saccade duration (SD), number of fixations (NF), 
fixation duration (FD), and reading score (RS). SD 
represented the total duration of saccadic activity 
within a designated area of interest (AOI).  

NF represents the aggregate number of fixations 
from the virtual origin to the targeted object. FD 
Fixation duration refers to the interval between the 
conclusion of one saccade and the initiation of the 
subsequent saccade, during which the eyes remain 
stationary on a specific object in the environment. 

 
2.7. Statistical Analyses and ANOVAs 

 
The Kolmogorov-Smirnov normality tests are the 

first to determine whether the standard distribution is 
well-modeled in the data set before proceeding with 
further analysis. The current study utilized one-way 
ANOVA with colored text, images, and audio support 
as independent factors; the final repeated measure was 
employed to analyze each dependent variable 
separately: saccade duration (SD), fixation duration 
(RFD), number of fixations (NF), and reading score 
(RS). The effect size for the two participant groups is 
based on the reading TOEFL score. The alpha level 
for each comparison was set to 0.05 [34], and analyses 
were conducted utilizing IBM SPSS Statistics Version 
26. 

 
3. Results 
 

This section presents the results of the post-test and 
subsequent analyses conducted to evaluate the impact 
of various reading materials and treatments on 
participants' reading abilities. The post-test results, 
statistical analyses, and heat map evaluations provide 
insights into how different stimuli influenced reading 
performance, highlighting the effectiveness of each 
method employed in the study. 
 
3.1. Post Test 

 
Table 2 shows the post-test results given to all 

participants, consisting of seven different reading 
materials treatments. The participants were given 
seven reading materials with other therapies that 
affected their reading ability. Each reading material 
has four questions to assess reading ability, and each 
participant needed to answer the questions to measure 
their reading score. The correct answer was the result 
of the reading score and would be analyzed for the 
statistical process. 
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Table 2.  Reading score of each participant 
 

Participant Number of Correct 
1 2 3 4 5 6 7 

1 3 1 2 3 2 4 2 
2 3 4 1 1 2 3 4 
3 1 2 2 1 3 4 2 
4 2 4 1 3 3 3 4 
5 2 2 1 2 3 4 2 
6 1 4 2 4 3 2 0 
7 2 4 3 2 3 3 4 
8 1 2 1 2 3 2 3 
9 1 4 2 1 2 3 2 

10 1 3 2 3 3 3 2 
11 2 4 1 2 2 4 4 
12 2 2 1 3 3 2 4 
13 3 3 2 3 2 2 3 
14 3 3 1 2 3 2 2 
15 3 4 2 2 2 3 2 
16 2 2 1 1 2 4 2 
17 3 2 1 3 2 3 4 
18 1 4 0 0 3 2 3 
19 3 4 1 1 2 3 4 
20 2 2 1 3 3 2 4 

Sum 41 60 28 42 51 58 57 
Mean 2.05 3 1.4 2.1 2.55 2.9 2.85 

 
3.2. Analysis of Variance (ANOVA) 

 
As shown in Table 3, there are seven statistical 

tests in the ANOVA table above. The statistical test 
assesses the significance of the main effect of 
treatment. Experimental variance analysis showed 
that different methods toward eye movement stimulus 
on reading score significantly affected (Picture, 
Audio, Picture, and Color, Color, and Audio) 
indicated by a p < .05. All other main effects and 
interactions were insignificant. On the other hand, the 
number of fixations significantly affected the stimulus 
with Picture, Color, Picture and Color, Picture and 
Audio, Picture, Color, and Audio) indicated from p < 
.05. However, Color, Picture and Audio, and Picture, 
Color and Audio did not have a significant effect, with 
the number of fixations (p > .05). Moreover, Saccade 
duration has substantial effects on Color, indicated by 
a p = 0.041. Although, Picture, Audio, Picture and 
Color, Picture and Audio, Color and Audio, and 
Picture, Color and Audio did not significantly affect 
the saccade duration with p-values greater than .05. 
Lastly, Fixation Duration significantly affected the 
Picture having p = .023. In contrast, the fixation 
duration did not affect substantially Color, image and 
Audio, and Color and Audio, Color and Audio, Color 
and Audio (p > .05).  

 
 
 
 

Table 3.  Analysis of variance for dependent vs. independent 
variables 

 

Source df p 
Reading 

Score 
No. of 
Fixatio

n 

Saccade 
Duratio

n 

Fixation 
Duratio

n 
Picture 

(P) 
1 .000* .023* .112 .023* 

Color 
(C) 

1 .119 .001* .041* .308 

Audio 
(A) 

1 .035* .451 .161 .711 

P*C 1 .000* .000* .865 .343 
P*A 1 .782 .257 .450 .561 
C*A 1 .014* .034* .281 .114 

P*C*A 1 .519 .804 .281 .525 
Error 15

2 
    

Total 15
9 

    

* Significant (p < 0.05) 
 
3.3. Heat Map Analysis 

 
Fixation heat maps and two-dimensional graphical 

representations of fixation time data were 
superimposed on top of the stimulus. Red, green, 
orange, and yellow are the usual hues for fixation 
heatmaps. According to the testing, red is the most 
intense color, followed by orange, yellow, and green 
in that order of warming. Variegated shades indicated 
different levels of attention and mental processing. 
Going from green to red stood for a spectrum of 
attention and cognitive processing levels, from very 
low to very high. Figure 11 shows that a higher 
proportion of gaze map and heat map analysis focused 
mainly on colored keywords. Based on the result of 
the reading score in reading performance, the average 
score was 2 of 4 questions; it was not high compared 
to other methods. 

 
 

 

Figure 11.  Text with colored keywords on heat map 
analysis 
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Figure 12 showed that a higher proportion of gaze 
and heat map analysis focused on text and pictures. 
The effect of added pictures beside the text had a 
significant effect. It has been proven from reading 
scores that the average score was 3 of 4 questions. 
This result score was higher compared to other 
methods used. 

 

 
 

Figure 12.  Text with picture on heat map analysis 
 
Figure 13 shows that the participants were only 

focused on the text while listening to the audio 
support. The average reading score in reading 
performance was 1.5 out of 4, which was lower than 
other methods. It can be concluded that participants 
tend to focus on stimuli with visual factors rather than 
text with audio effects. 

 
 

Figure 13.  Text with audio on heat map analysis 
 
Figure 14 showed that a higher proportion of gaze 

map analysis focused on colored keyword text and 
pictures. The effect of added pictures beside the text 
had a significant impact. It has been proven from the 
reading score that the average score was 2 of 4 
questions. This results score was just standard 
compared to other methods used. 

 

 
 

Figure 14.  Text with colored text and picture on heat map 
analysis 

Figure 15 shows that the participants focused only 
on the colored keyword text while listening to the 
audio support. The average reading score in reading 
performance was 2.5 out of 4, which is lower than that 
of other methods. They tend to see the visual effect 
compared to the audio effect. 

 

 

Figure 15.  Text with colored keywords and audio on heat 
map analysis 

 

Figure 16 showed that a higher proportion of gaze 
map analysis focused on text and pictures. The effect 
of added pictures beside the text had a significant 
effect. It has been proven from the reading score that 
the average score was 3 of 4 questions. This result 
score was high compared to other methods used. 

 

 
 

Figure 16.  Text with picture and audio on heat map 
analysis 

 
Figure 17 showed that a higher proportion of gaze 

map analysis focused on colored text and pictures. The 
effect of added pictures beside the text has a 
significant impact. It had been proven from the 
reading score that the average score was 3 of 4 
questions. This result score was high compared to 
other methods used. 

 

 
 

Figure 17.  Text with colored keywords, pictures, and 
audio on heat map analysis 
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4. Discussion 
 

The current research used the eye-tracking 
technology to assess which developed model was 
suitable for online learning students to improve the 
material design and reading comprehension. An 
analysis of variance (ANOVA) using one method was 
utilized in order to investigate the connection between 
the chosen eye movement characteristics and the 
significant effect of the components. The number of 
fixations, fixation duration, saccade duration, and 
reading score were eye movement parameters. Tobii 
Studio provided eye movement analysis, which 
consisted of gaze maps and heat zone maps. Twenty 
university students taking online classes were the 
participants of this research.   

The results indicated that reading score 
significantly affects Picture*Colour and 
Colour*Audio. Similarly, [35] stated that using 
colored text was advantageous for children [35]. 
These children frequently use colored text at home 
during school hours to assist with reading difficulties. 
Colored filters are thought to mitigate distortions and 
apparent text motion, rendering them beneficial as 
assistive technology for individuals with learning 
disabilities [30].  

The combination of pictures and colored text 
significantly affects reading performance. Similarly, 
combining visual and textual aids improves students' 
retention, transfer, and ability to organize and 
integrate information [36]. In addition, [37] 
mentioned that adding an audio effect to written text 
may result in redundancy [37]. However, it may 
benefit students with dyslexia, for whom it facilitates 
reading. According to the results, combining text with 
color and audio significantly affects reading score 
performance. Surprisingly, the learning materials, 
combined with pictures, text with color, and audio 
support, affect reading performance less since the text 
contains audio support that may result in redundancy 
[37]. 

Furthermore, the data provided by the eye-tracking 
equipment showed that additional cues had an effect 
on students' information processing learning results 
through the heat map analysis verification as a result 
of the researcher's incorporation of color-coded 
keywords, images, and audio support in some 
designed materials. Some designed combinations may 
significantly impact reading performance, while 
others may have no effect. It has been asserted that the 
use of colored key points enhances visual perception 
and reading proficiency, maintains focus during 
reading, and alleviates reading-related issues, 
including light sensitivity, eyestrain, headaches, 
blurred text, and difficulties in tracking, particularly 
for those experiencing reading challenges [38]. 

 Similarly, the heatmap results show that text with 
colored keywords had a higher proportion of gaze 
maps, and heat map analysis was mainly focused on 
colored keywords. In addition, low-proficiency 
participants achieved significantly higher scores on 
translation tasks when the text was accompanied by 
images and that the accompanying photos helped 
these low-level participants comprehend the more 
accessible but more complex text [39]. Similarly, the 
text with pictures scored higher on reading 
comprehension tests, as indicated by a score of 75 
percent of the mean. Additionally, the present study 
has supported previous scholars' studies, [40], 
highlighting which color did improve memory, 
especially during a test, because the information was 
more easily visualized. The color also played an 
important role, as students could recall information 
better when colorful images and text were included in 
textbooks. It significantly impacted recall, as the 
reading score for material containing images and 
colored keywords was higher than for audio support. 
Therefore, both color-coded keywords and images 
may be utilized in online content design to enhance 
reading performance. 

Finally, this study looked at the correlations 
between eye movement data and learning effects. The 
findings revealed that eye movement patterns were 
positively associated to the learning effects on reading 
performance. Further research was required, but the 
study took a tiny step toward a better understanding of 
the combination of colored keywords, visuals, and 
auditory accompaniment, which could potentially lead 
to greater learning and understanding of the functions 
and effects of colored keywords, photographs and 
audio support from a theoretical perspective. 

Besides, four limitations need to be improved for 
further research. First, the current study only recruited 
twenty university students as participants. Therefore, 
adding more participants to this research might be a 
consideration for more accurate results. Second, 
utilizing other statistical tools might also be a 
consideration in this research because the examination 
of the significant effect was limited to one-way 
ANOVA. Thus, other statistical tools can be explored 
in this research to determine the impact and 
relationship among variables. Third, the luminance of 
the text and background should have been considered 
in the current study. Future studies might include 
luminance, providing a more in-depth result. The last 
one is a defined time for each stimulus that could 
provide valuable information regarding time pressure 
and its effects on students learning. 
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5. Conclusion 
 

The findings of this study emphasize the vital part 
that learning materials play in enhancing student 
performance in online learning environments. 
Research significantly influences reading efficacy 
through the use of colored keywords, visual 
representations, and audio support. This research not 
only contributes to the understanding of how specific 
design elements can affect learning outcomes but also 
has broader implications for the development of 
educational resources in digital formats. 

One of the key implications of this research is the 
potential for improved instructional design in online 
learning platforms. By emphasizing the importance of 
visual elements and color in educational materials, 
educators and instructional designers can create more 
engaging and effective learning experiences. This is 
particularly relevant in an era where online learning is 
becoming increasingly prevalent, as it indicates that 
students require materials that cater to diverse learning 
styles and preferences. The findings suggest that 
integrating colored keywords and relevant visuals can 
enhance comprehension and retention, ultimately 
leading to better academic performance. 

However, it is essential to acknowledge the 
limitations of this study. The sample size and 
demographic diversity may affect the generalizability 
of the results. Additionally, the study primarily 
focused on specific visual elements and their 
immediate impact on reading performance, potentially 
overlooking other factors such as individual learner 
characteristics, prior knowledge, and motivation. 
Future research could explore these variables in 
greater depth, examining how different learner 
profiles interact with various design elements in 
online materials.  

Moreover, while the study indicates that audio 
support has a lesser effect when combined with 
colored text and images, it raises questions about the 
optimal balance of multimedia elements in learning 
materials. Future work could investigate the interplay 
between audio, visual, and textual components in 
more detail, perhaps through experimental designs 
that isolate each variable's impact on learning 
outcomes. Additionally, longitudinal studies could 
assess the long-term effects of these design choices on 
student engagement and knowledge retention. 

In conclusion, this research highlights the 
importance of thoughtful design in online learning 
materials, suggesting that a strategic combination of 
colored keywords and visuals can significantly 
enhance reading performance. As online education 
continues to evolve, further exploration of these 
elements will be crucial in developing effective 
instructional strategies that meet the needs of diverse 
learners. By addressing the limitations of this study 
and pursuing future research avenues, it is possible to 
continue refining the understanding of how to create 
optimal learning environments in the digital age. 
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