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This study investigates the influence of perceptual elements—including color 
schemes, graphic design, text readability, sound, and motion graphics—on 
the visual attention of preschool children using flat panel display systems. 
Adopting a quantitative approach, data were gathered through online 
questionnaires completed by parents and preschool educators. Structural 
equation modelling using SmartPLS 4 was employed to analyze the 
relationships among these variables. The results indicate that sound 
integration and motion graphics have the strongest positive effects on 
children’s visual attention, highlighting the importance of multisensory and 
dynamic features in maintaining engagement. Color schemes and graphic 
design also showed positive but smaller effects, while text readability had no 
significant impact. These findings underscore the value of incorporating 
auditory and animated elements in the design of educational tools for young 
children and suggest directions for future research on their application 
across various learning environments. 
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1. Introduction 

*An enormous shift has been witnessed in every 
sector, owing to the irrationality of sophisticated 
artificial intelligence (AI) technologies, particularly 
in preschool education. In this fluid environment, 
educators and researchers are also turning their 
attention to the application of AI-enabled tools to the 
education of preschool children. This is one of the 
new approaches being focused on and is on the rise 
to afford special interactions with preschool children 
through interactivity and visual stimulation—the 
flat-panel visual systems. Such systems, which 
incorporate bright colors, animations, and sound 
effects, incorporate some systems speculated to 
enhance young people’s understanding. Surveys 
have demonstrated that toddlers with autism 
spectrum disorders exhibit increased concentrations 
in class when visual imagery is presented on 
prominent surfaces (Wang et al., 2021). In addition, 
flat-panel displays used in parenting practices, such 
as book-sharing between children and caregivers, 
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have been demonstrated to enhance visual attention 
as well as nonverbal engagement between children 
and caregivers (Liu et al., 2022). Such soliciting 
technologies have also been used to improve the 
interaction skills of preschool children, as they 
enable them to actively perform interaction activities 
with their peers, particularly by simply engaging 
them in visual scene displays on systems (Laubscher 
et al., 2020). 

With the increase in the use of flat panel display 
devices in preschool classrooms, it becomes 
necessary to appreciate children’s vision as an 
important perceptual dimension. Studies thus far 
have made significant contributions to several 
factors, including color schemes (Ivančić Valenko et 
al., 2019), graphic designs (Yanchus et al., 2022), text 
readability (Ren et al., 2024), sound integration 
(Hagtvedt and Brasel, 2016), and the effects of 
motion graphics (Ivančić Valenko et al., 2019). 
Nevertheless, there is a major deficiency in research 
on the integration of these elements in graphic 
design for preschool children with respect to the 
usage of enhanced aids, especially AI tools. Current 
studies have pinpointed some isolated factors; 
however, the assessment and analysis of the 
interaction of such factors in a systematic manner 
remain unexplored. 

The present research focuses on the impact of 
five prominent visual factors—color schemes, 
graphic designs, text readability, sound integration, 
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and motion graphics—on preschool children, 
highlighting their influence on children's visual 
perception and cognitive activity. With respect to 
this analysis, the present study also tends to 
investigate the application of visual warnings within 
flat-panel displays in educational settings to improve 
both the learning process and safety using teaching 
techniques learned from these elements. By solving 
such issues, this research not only aims to add 
something valuable to the existing body of 
knowledge but also aims to establish a 
comprehensive approach for the conception, design, 
and deployment of AI-integrated educational 
applications that would be effective in engaging 
learners and considering the specific visual 
characteristics of young learners. 

The relevance and implications of this research 
study are that it can be used in both theoretical and 
practical contexts in the areas of early childhood 
education and educational technology. By 
understanding them and their interrelations, this 
research seeks to guide the design of appropriate 
educational tools driven by artificial intelligence that 
will ultimately optimize the learning experience of 
the preschool age group. It is further anticipated that 
the outcomes will recommend useful strategies to 
strengthen visual systems designed for interactive 
learning to meet young learner segments, including 
polarly contrasting kids, and provide suitable 
opportunities for their mental growth. 

To achieve these objectives, the study also 
employed a quantitative technique with the help of 
SmartPLS-4 to perform SEM analysis to study the 
factors influencing vision. This study is guided by the 
following research questions: (1) What perceptual 
factors are the most important for the visual 
engagement of preschool children in flat panel visual 
systems? (2) How do these factors combine with one 
another, and what effects do they have on the flat-
panel visual system? This study, therefore, addresses 
these research questions with the hope of shedding 
light on the perceptual factors that influence how 
young learners visually experience the environment 
and how modern technologies can be enhanced in 
the context of education. 

Consequently, this study attempts to supplement 
the existing knowledge regarding the perception-
related aspects of preschoolers’ interactions with flat 
panel displays in an artificial intelligence-based 
learning environment. The outcomes of the research 
are likely to be broad in terms of both improving 
educational technology designs and helping the 
abilities and perceptions of children in the 21st 
century. 

2. Hypothesis development 

2.1. Color schemes and children's visual 
attention 

In planning any experience for preschool 
children, the use of color schemes is paramount. This 
can be explained by the fact that visual attention is 

critical for this age group’s learning and 
participation. The deliberate incorporation of visual 
imagery is known to affect children’s attention to 
visual displays and their reactions to them. Thistle 
and Wilkinson (2009) reported that color, especially 
in the front part of preschool children’s taxis, makes 
it easier for them to find target objects within a short 
period. This implies that color, when used 
appropriately, has a way of attracting attention and 
enhancing the effectiveness of search tasks, which is 
very important for children who have not yet 
matured cognitively. 

Furthermore, the findings of Cho and Son (2016) 
concerning the incorporation of color ordinal scales 
in visual orientation were highlighted, as they 
reported that young children are more sensitive to 
color contrasts than older children or adults are. 
Thus, where children are part of the audience in a 
particular visual attention study, color contrast was 
found to strongly influence the distribution of 
children’s visual attention. Such an observation of 
sensitivity to contrast in young subjects suggests 
that color is not merely an option for decoration. 
Instead, it is a weapon that can manipulate and 
maintain the focus of the younger audience. This has 
important consequences for educational 
environments, especially as the right color contrasts 
can be used to attract children’s attention to the 
critical information required for optimal learning. 

Furthermore, separate colors have been 
demonstrated to improve search performance, as 
indicated by Maule et al. (2023). According to their 
research, preschool toddlers identify symbols more 
effectively and rapidly when presented with multiple 
colors than when presented with a single color. This 
clearly demonstrates the advantages of the cognitive 
use of color variations in educational resources. 
Lessening the cognitive processing effort required to 
discriminate between different visual features of 
information enables children to respond to 
information more readily, which in turn improves 
attention. 

Pomerleau et al. (2014) reported that certain 
colors, especially red and blue, are more efficient at 
attracting children’s attention than green and yellow 
colors are. There are several eye movements toward 
red and blue rather than toward other colors on 
average, suggesting that some colors act on us faster 
than others do. This is important in the context of 
developing educational materials, as the choice of 
some colors may greatly broaden the child’s range of 
attention and perception of visual information. A 
study by Morey et al. (2015) on the color-sharing 
effect revealed that vocalizing repeated colors in a 
visual display enhances audience attention to the 
picture. This implies that the strategically planned 
repetition of the colors in the graphic presentation 
can also help improve the recall of the information 
presented while keeping the user engaged. In the 
realm of education design, it is crucial to emphasize 
that selecting colors is not solely based on their 
initial display; it also involves considering their 
order of appearance and various combinations, 
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which serve as attention-grabbing and retention 
strategies. 

Thus, the evidence underscores the profound 
influence that color schemes have on preschool 
children's visual attention. From improving the 
speed and accuracy of visual searches to enhancing 
perceptual organization and memory retention, 
color is a powerful tool in shaping how young 
learners engage with visual information. Therefore, 
the following hypothesis is proposed: 

 
H1: Color schemes in flat-panel visual systems 
positively affect preschool children's visual 
attention. 

2.2. Graphic designs and children's visual 
attention 

Graphic design has significance in guiding visual 
attention, which is potentially equal in importance to 
any other aspect, especially in curriculum 
environments where there are visual elements that 
need to receive the attention of children. The 
effectiveness of graphic design in governing visual 
attention can be broken down into structural factors 
such as the arrangement of different visual features 
within a frame, the aesthetics of graphics and 
images, and attributes or extras. 

Chakraborty et al. (2022) developed a model that 
helps in evaluating the visual attention given to 
graphic design documents during the nonlinear 
reading of the documents, which revealed that 
graphics that were logically organized and had an 
appeal changed the direction of attention as well as 
the order of aspects of a visual layout that were fixed 
upon. The fact that this model works on webpages, 
comics, posters, and other graphic designs that cut 
across various mass media further reiterates the 
basis and constructs of good graphic design that 
transcends mass media. This means that in the spirit 
of education, particularly in preschool-aged children, 
attention-focusing ability may be improved and 
further sustained by paying attention to the graphics. 

Undeniably, this is supported by Godwin et al. 
(2022), who attempted to study children’s behaviors 
in classrooms with elaborate visual designs. They 
reported that even after a long time, Horizons is 
delighted to know that there are different strategies 
that can help children return to work, even if they 
sometimes gaze at other things. Considerable weight 
is then placed on the use of visual ads in 
instructional materials, which increases the need as 
well as for those designs that are not only elaborate 
and beautiful but also organized to eliminate excess 
visuals and help focus on the necessary visuals. 

More insights are reported by Smith et al. (2021), 
who explain how some elements of graphic 
novelization are significant for how well children 
with dyslexia commit to memory. Their study 
indicated that the use of appropriate imagery, which 
is normally artistically designed within the pages of a 
comic book, improved the visual attention and 
retention of the children. This is critical for the 

development of teaching aids that are intended to 
open children’s view of learning and consider the 
fact that children learn differently, which means that 
the introduction of designs that are simple yet 
alluring can enhance learning. 

Zheng (2022) contributed to the understanding 
of the visual influence of graphic design by building a 
neural network model for classifying and tuning 
graphic arts. In this study, cartograms made 
available to viewers through appropriate algorithms 
were established to greatly improve visual focus and 
impressions. This indicates that it is essential to do 
more than just make the content attractive; it should 
also be organized according to how people's brains 
work to attract their attention and engage. 

O’Neill et al. (2019) studied visual attention in 
complex AAC visual scenes and found that 
participants focused more on the ‘meaningful’ parts 
of the design, such as the visual scene and navigation 
bars. Their findings suggest that when visual 
elements are clearly organized and well designed, 
they can help draw attention to key information, 
making it easier for young children to notice and 
understand important messages. 

Finally, Arslan-Ari and Ari (2022) applied the 
techniques of eye tracking in the analysis of how pre-
K children use e-books, specifically with respect to 
the attention afforded to the graphics incorporated 
within their design. Therefore, it is worth having a 
proper graphical endeavor and using it wisely to 
focus children on crucial aspects such as text. 
Graphic design focuses on how best to use children’s 
vision within educational systems. This notion 
further strengthens the fact that effective graphic 
designs are useful in that the attention of preschool 
children is captured and maintained for even better 
learning. Hence, the above studies support the 
following hypothesis: 

 
H2: Graphic designs in flat-panel visual systems 
positively affect preschool children's visual 
attention. 

2.3. Text readability and children's visual 
attention 

According to Arslan-Ari and Ari (2022), 
preschool children tend to use images more than 
written facts in e-books owing to their age and image 
preferences. Their research has also shown that 
when children’s auditory stimuli are synchronized 
with visual illustrations, children’s motivation 
towards the written text improves greatly. This 
information clearly highlights the need for readable 
text and the effective placement of picture cue 
systems to assist young children in reading for 
comprehension. 

The study investigating the impact of visual 
enhancements on text readability conducted by 
Ikeshita et al. (2018) is particularly relevant here 
because these authors investigated the effect that 
text highlighting synchronized to the narration audio 
could have on children with developmental dyslexia. 
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The results revealed that using styles of highlighting 
increased text clarity, which means that such 
techniques can improve attachment to reading 
activities for children, including those with learning 
difficulties. The study exemplifies the possibility of 
increasing both the readability of text and its 
attractiveness to learners by employing visual aids. 

In the same manner, Skibbe et al. (2018) reported 
that preschoolers look at printed text when it is read 
aloud, along with highlighting, much more than 
when the text is presented without sound. This 
opening of the auditory and visual systems 
simultaneously enables children to focus on the text 
in a more increased manner, facilitating literacy 
acquisition. The study also highlights the need to 
combine such text with audio-video as much 
engaging with young learners, as written material is 
entertaining, to help capture and maintain attention. 

Valdois et al. (2019) presented evidence showing 
that visual attention span, which plays a key role in 
understanding written texts, is a strong predictor of 
reading fluency in children. Their findings suggest 
that when text readability is improved to an optimal 
level, children are more likely to visually engage with 
the text, even if they may not necessarily enjoy the 
process of acquiring reading skills. This highlights 
the link between clearer, more accessible texts and 
better reading performance in children, supporting 
the need to consider readability when designing 
educational materials. 

Fong et al. (2019) conducted a study to evaluate 
whether colored overlays could help improve the 
reading performance of preschool children with 
autism spectrum disorder (ASD). Although the 
immediate effects on visual attention were not 
statistically significant, the researchers observed 
that using these overlays might support better text 
decoding and visual attention over time, especially 
with regular use. This finding suggests that 
interventions aimed at enhancing text focus in 
children with learning difficulties may be effective in 
the long term, gradually helping these children 
engage more successfully with written material. 

Scaltritti et al. (2019) investigated how 
typographic features such as font size and spacing 
affect children’s visual processing when reading 
digital text. Their study found that these design 
elements significantly influence visual attention and 
reading performance. They emphasized that 
improving text readability is crucial for sustaining 
children's attention during reading. This suggests 
that typographic choices should be made carefully to 
enhance readability, which in turn supports better 
visual attention and reading outcomes. 

Based on this evidence, it can be concluded that 
improving text readability, whether through visual 
design, typography, sound quality, or motion, helps 
attract and hold children's visual attention. These 
findings support the following hypothesis: 

 
H3: Text readability in flat-panel visual systems 
positively affects preschool children's visual 
attention. 

2.4. Sound integration and children's visual 
attention 

Endowing sound to computer interfaces is 
especially important for enhancing and directing 
visual attention. 

Fleming et al. (2020) reported that visual 
processing and visual search times increased when 
auditory information was presented within the same 
spatial location as visual information. When auditory 
information is added to a visual stimulus, it improves 
the efficiency with which visual information is 
processed, as seen in reaction times as well as event-
related potentials. This illustrates that not only does 
sound integration aid the child’s visual focus, but it 
also enhances it. This is a very important factor to 
consider in education design for attention-sensitive 
age groups such as children. 

Ren et al. (2020) further delved into the notion of 
audio‒visual integration under different conditions 
of visual attentional load. The outcome of their study 
was that sound integration works well in terms of 
visual attention enhancement if the children have 
already engaged in tasking, implying that sound is 
beneficial in maintaining and, at times, increasing 
visual attention to a task even when the task loads 
change. For this reason, it is necessary to use sounds 
in educational areas to help children maintain 
concentration over a task that involves attention for 
long periods of time. 

Hutton et al. (2019) performed functional 
magnetic resonance imaging scans and analyzed the 
functional connectivity related to the attention, 
visual, and language networks of preschoolers when 
various story formats were engaged, including those 
that have sounds. Their studies suggested that audio-
embedded illustrated storybooks may promote 
visual attention better than simple picture books, as 
many cognitive networks are used simultaneously. 
Therefore, it is possible to realize that using sounds 
in such tasks as storytelling cannot attract only a 
child's attention; however, fully completing such 
activities would become more interesting and 
involve a greater cognitive load as well. 

Flynn et al. (2019) evaluated the specific screen-
based pedagogical support of an SBPS that uses a 
combination of visual and sound effects to focus 
children’s attention. The use of eye-tracking 
technology, in their case, allowed the investigation of 
sound effect occurrence and its influence, which 
contributed significantly to the attention preschool 
children paid to the educational media. This finding 
indicates that sound can indeed be embedded within 
educational content as an operational strategy, 
directing and maintaining children’s visual focus 
within activities that involve more than one mode of 
representation, such as multimedia. 

Finally, Li et al. (2022) addressed the issue of 
whether sounds, when present in omnidirectional 
videos, have an important influence on how 
attention is distributed visually. Their findings 
demonstrate that sound, so if one clear sound is 
presented, you can pay attention to the visual 
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components that are supported by the audio. This 
implies that sound is a very useful and effective way 
of manipulating visual attention; thus, its application 
should be emphasized in the development of 
interactive multimedia educational materials for 
preschoolers. 

To summarize, auditory and visual elements 
work hand in hand to improve the visual attention of 
preschool children. Sewing clip art to the recorded 
narrative, using stereophonic narration, or simple 
yet effective sound effects can enhance the 
attentional and perceptual aspects of visual stimuli. 
This leads to the following hypothesis: 

 
H4: Sound integration in flat-panel visual systems 
positively affects preschool children's visual 
attention. 

2.5. Motion graphics and children's visual 
attention 

Motion graphics have emerged as an essential 
way of drawing and holding the attention of the eyes, 
especially in the case of the education of 
preschoolers. Since motion graphics, by definition, 
involve moving visual graphics, they are an essential 
factor in attracting the attention of young learners 
and keeping their attention on learning activities. 

On the other hand, Aprilliani et al. (2022) 
reported that, for preschool children, learning via 
motion graphics video media is a more effective way 
to capture attention than learning via traditional 
media. This means that they emphasized, among 
other findings, that the motion graphics inertia 
features were very effective in keeping the attention 
of children during teaching classes. This finding 
indicates that when motion graphics are used, kids 
not only focus but are also more involved, both 
effectively and cognitively, in the learning activity. It 
just tells us how useful it is in early childhood 
education. 

This finding is further corroborated by Sun et al. 
(2019), who examined motion as a factor that 
enhances children’s visual attention, which was 
evaluated with animated eBooks used to teach 
preschoolers to learn language. There was high and 
low motion, which was found to lead to greater 
visual attention and word recognition of target 
words among preschoolers. This is to emphasize that 
rather than being allowed to drift, moving images of 
visuals integrated with tertiary education augment 
receptors and learning results. 

Pitt et al. (2023) conducted a study examining the 
different motion techniques in a brain‒computer 
interface for children and reported that there was a 
notable difference in the attention responses to more 
complex animations compared with simpler 
animations. This indicates that even within the 
category of motion graphics, not all are optimally 
effective, as they should be there is room for more 
enticing and functional graphics. These findings 
clearly demonstrate the need to move beyond 
creating good-looking graphics for children to the 

creation of attention-grabbing motion graphics that 
are engaging cognitively in young learners. 

Such performance can guide attention towards an 
area due to motion onset (both natural and 
animated), suggesting that Smith and Abrams (2018) 
motivated this investigation, but to move further. 
Their study supports the proposition that devices of 
attention, including children, can be harnessed by 
motion graphics using moving objects. This is 
consistent with existing knowledge in that motion is 
an attractive force, and it cannot be left out when 
developing educational materials for preschool 
children. 

To conclude, the infusion of motion graphic 
elements substantially enhances preschool 
children’s attention to educational media page 
content. The attention span that every animation and 
motion graphic has achieved entails better learning 
of the intended objectives by the end users. 
Therefore, these findings lead to the following 
hypothesis: 

 
H5: Motion graphics in flat-panel visual systems 
positively affect preschool children's visual 
attention. 

3. Methodology 

3.1. Research design 

The current study utilizes a quantitative research 
design that seeks to determine the relationship 
between how preschoolers perceive several factors, 
such as color schemes, graphic designs, text 
readability, sound integration, motion graphics and 
children's visual attention. The questionnaire survey 
approach was selected since it allows the collection 
of objective and quantifiable information that can be 
manipulated statistically while seeking relationships 
among the various components. 

For this process, the SmartPLS-4 application of 
structural equation modelling was used, as it allows 
the exploration of complex structural relationships 
between observed and latent variables in a 
convenient way that meets the research objectives. 
This is because SEM allows the examination of more 
than one dependent and independent variable at the 
same time, allowing the researcher to obtain a 
holistic understanding of how the factors interact to 
direct visual attention to the children. 

3.2. Participants 

This included preschool educators and parents of 
preschool children aged 3-5 years who acted as 
primary respondents. Owing to the preschool age of 
the respondents, those direct responses from the 
children themselves were not attainable; therefore, 
the input from parents and educators was used to 
collect data on the visual attention and interaction of 
the children with the visual system. The participants 
were recruited through an online China-wide 
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advertisement that used digital media to reach out to 
natives in their respective regions to encourage the 
wide participation of various populations. This 
guaranteed that the participants were from different 
backgrounds, which in turn facilitated the 
transferability of the results of the study. 

The inclusion criteria required that participating 
parents or educators had closely interacted with the 
children in educational or related settings. Children 
with known visual or cognitive impairments that 
were not accounted for in the study were excluded, 
as such conditions could significantly affect their 
attention. Additionally, participants needed internet 
access to view the study materials and use the data 
collection platform. Informed consent was obtained 
from all participating parents and educators. They 
were fully informed about the study’s purpose, 
procedures, and their right to participate voluntarily. 
Confidentiality of their responses and the protection 

of personal data were ensured. Measures were also 
taken throughout the study to ensure that the 
children did not experience any discomfort or 
distress during observations. 

3.3. Instruments and data collection 

In this study, a structured questionnaire was 
used as the primary instrument for data collection 
(Table 1). The questionnaire was designed to 
measure factors that are hypothesized to influence 
preschool children's visual attention. The items for 
two of these variables (color scheme and graphic 
design) were adopted directly from the literature, 
whereas the items for the other four variables (text 
readability, sound integration, motion graphics and 
children’s attention) were adapted from related 
studies. 

 
Table 1: Variable measurement items 

Variable Items in literature Items in this study Reference 

Color 
scheme 

1. Do you like the color scheme of the office? CS-1. Do you like the color scheme of flat panel visual systems? 

Öztürk (2010) 
2. Do you prefer this color scheme for your office? CS-2. Do you prefer this color scheme for the flat panel visual systems? 
3. Do you think this color scheme is appropriate 

for an office environment? 
CS-3. Do you think this color scheme is appropriate for flat panel visual 

systems? 

Graphic 
design 

1. Colors, images, and icons help to understand 
and identify the messages and concepts of each of 

the visual creations. 

GD-1. Colors, images, and icons help to understand and identify the 
educational content in the flat panel visual systems. 

Vallverdu-Gordi and 
Marine-Roig (2023) 

2. Colors, images, and icons draw attention to the 
campaign. 

GD-2. Colors, images, and icons draw attention to the educational 
content in the flat panel visual systems. 

3. The campaign design as collectable 
badges/medallions draws attention and 
encourages the reading of the messages. 

GD-3. Visual design encourages interaction and reading of the 
educational content in the flat panel visual systems. 

Text 
readability 

—— 
TR-1. The text is easy to read and understand for preschool children in 

the flat panel visual systems. 
Crossley et al. (2008) and 

Sun et al. (2020) 
—— 

TR-2. The font size and spacing are appropriate for preschool children 
in the flat panel visual systems. 

—— 
TR-3. The text layout helps in maintaining visual attention in the flat 

panel visual systems. 

Sound 
integration 

—— 
SI-1. The sound effects are synchronized well with the visual content in 

the flat panel. Peeraer and Van Petegem 
(2012), Buongiorno et al. 

(2019), and Gray and 
Kathleen (2000) 

—— 
SI-2. The sound enhances the educational value of the content in the flat 

panel visual systems. 

—— 
SI-3. The sound helps in maintaining children's attention on the visual 

content. 

Motion 
graphics 

—— 
MG-1. The motion graphics capture and hold children's attention 

effectively in the flat panel visual systems. 

Hapsari and Hanif (2019) —— 
MG-2. The animations are engaging and support educational content in 

the flat panel visual systems. 

—— 
MG-3. The movement of visual elements helps in guiding children's 

focus to key information in the flat panel visual systems. 

Children's 
visual 

attention 

—— 
CVA-1. The child can focus on the visual content for extended periods in 

the flat panel visual systems. 
Prieler et al. (2018) and 

Costescu et al. (2019) 
—— 

CVA-2. The visual content helps maintain the child's attention 
throughout the activity. 

—— 
CVA-3. The child is less distracted when visual content is engaging and 

interactive in the flat panel visual systems. 

 

Data were collected through an online 
questionnaire distributed to parents and preschool 
educators across China. The questionnaire included 
5 Likert scale items ranging from "Strongly Disagree" 
to "Strongly Agree" (Graphic Design, Text 
Readability, Sound Integration, Motion Graphics) and 
"No" to "Yes" (Color Scheme). The use of an online 
platform facilitated broad participation and allowed 
for the efficient collection of data from a 
geographically diverse sample. 

The responses were automatically recorded and 
stored in a secure database, ensuring both the 
confidentiality of the participants and the integrity of 
the data. The data collection process was conducted 
over a period of [insert time frame], during which 
reminders were sent to encourage participation and 
increase the response rate. The collected data were 

then prepared for analysis via SmartPLS 4, which 
focuses on the relationships between the identified 
perceptual factors and children's visual attention. 
The questionnaire design, combined with the use of 
reliable and validated items from literature, ensures 
that the data collected are both robust and relevant 
to the research objectives. 

3.4. Procedure 

The questionnaire was filled out by parents and 
educators, who provided their observations based 
on their regular interactions with their children. 
Given that the children were unable to complete the 
questionnaire themselves, the parents and educators 
served as proxies, offering insights into how the 
children responded to various visual stimuli. 
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The data collection was conducted entirely 
online, with participants accessing and completing 
the questionnaire through a web-based platform. 
This approach allowed for broad participation across 
different regions, ensuring a diverse and 
representative sample. Participation in the study 
was entirely voluntary, and participants were 
informed about the purpose of the study and their 
rights, including the confidentiality of their 
responses and the option to withdraw at any time. 

As the data collection was web-based, it 
facilitated the efficient gathering and secure storage 
of responses in a password-protected database. The 
process was conducted over a defined period, during 
which reminders were sent to encourage 
participation and ensure a high response rate. This 
structured and web-based approach to data 
collection ensured that the study's findings would be 
both robust and reliable, providing valuable insights 
into the impact of perceptual factors on children's 
visual attention in educational contexts. 

3.5. Data analysis 

The data collected from the online questionnaire, 
which was completed by parents and educators, was 
analyzed via SmartPLS 4, a powerful tool for 
structural equation modelling (SEM). SmartPLS 4 
was employed to conduct a comprehensive analysis 
that included assessing the volatility and reliability 
of the constructs, examining the relationships 
between the key variables (color scheme, graphic 
design, text readability, sound integration, motion 
graphics, and children's visual attention), and 
evaluating the overall model fit. The analysis began 
with the assessment of the measurement model to 
ensure that the constructs were reliably and validly 
measured, followed by structural model analysis to 
test the hypothesized relationships between the 
perceptual factors and children's visual attention. 
Model fit was evaluated via key indices such as the 
standardized root mean square residual (SRMR) to 

ensure that the SEM accurately represented the data. 
This approach allowed for a detailed examination of 
how the different perceptual factors influenced 
visual attention, providing robust empirical support 
for the study's hypotheses. 

4. Results 

The sample for this study consisted of 452 
respondents, comprising two primary groups: 
preschool educators (183 participants) and parents 
of preschool children (269 participants). The 
participants were drawn from five key regions in 
China, including Beijing, Guangdong, Hubei, Hunan, 
and Sichuan, providing a geographically diverse 
representation. This demographic diversity adds 
robustness to the study's findings, as it reflects a 
broad range of educational and cultural contexts 
across these major provinces. The inclusion of both 
educators and parents ensures that the data offers 
comprehensive insights into children's visual 
attention from the perspectives of both formal 
education settings and home environments. 

As shown in Table 2, the reliability and validity of 
the constructs were assessed via Cronbach’s alpha, 
composite reliability (rho_a and rho_c), and average 
variance extracted (AVE). Children's vision showed 
strong reliability, with a Cronbach’s alpha of 0.847 
and composite reliability values (rho_a = 0.849, 
rho_c = 0.907), whereas the AVE of 0.766 confirmed 
good convergent validity. The color scheme, 
however, had a lower Cronbach’s alpha of 0.595, 
suggesting moderate internal consistency. To 
address this, the interpretation of measurement 
items for the color scheme was revisited, 
emphasizing dimensions such as contrast and 
appropriateness to better align with its theoretical 
definition. Despite the moderate reliability, the 
composite reliability (rho_a = 0.703, rho_c = 0.752) 
and AVE of 0.511 met the minimum threshold for 
validity.  

 
Table 2: Reliability and validity 

Variables Cronbach's alpha Composite reliability (rho_a) Composite reliability (rho_c) AVE 
Children's vision attention 0.847 0.849 0.907 0.766 

Color scheme 0.595 0.703 0.752 0.511 
Graphic design 0.790 0.793 0.877 0.703 

Motion graphics 0.657 0.734 0.811 0.598 
Sound integration 0.880 0.880 0.926 0.806 

Text readability 0.868 0.870 0.919 0.791 

 

The graphic design demonstrated satisfactory 
reliability (Cronbach’s alpha = 0.790), with strong 
composite reliability (rho_a = 0.793, rho_c = 0.877) 
and an AVE of 0.703. Motion graphics had moderate 
reliability, with a Cronbach’s alpha of 0.657. The 
presentation of measurement items for this 
construction was also refined to emphasize elements 
such as animation fluidity and engagement, ensuring 
closer alignment with its theoretical framework. The 
composite reliability (rho_a = 0.734, rho_c = 0.811) 
and AVE of 0.598 remained acceptable for construct 
validity. Sound Integration showed excellent internal 
consistency (Cronbach’s alpha = 0.880) and strong 

composite reliability (rho_a = 0.880, rho_c = 0.926), 
with an AVE of 0.806, indicating high validity. Text 
readability also performed well, with a Cronbach’s 
alpha of 0.868 and strong composite reliability 
(rho_a = 0.870, rho_c = 0.919), alongside an AVE of 
0.791. Table 3 presents the path coefficients, which 
demonstrate varying levels of influence from the 
perceptual factors on children's vision. Sound 
integration has the strongest positive impact on 
children's visual attention, with a path coefficient of 
0.555, indicating that auditory elements play a 
significant role in enhancing visual engagement. 
Motion graphics also positively influence children's 
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vision, with a path coefficient of 0.184, emphasizing 
the importance of dynamic visual elements. Graphic 
design has a moderate positive effect (0.135), 
indicating that well-designed visual imagery aids in 
maintaining children's attention. The color scheme, 
with a path coefficient of 0.091, has a smaller but still 
positive impact on visual attention. Interestingly, 
text readability has a slightly negative path 
coefficient (-0.049), suggesting that text readability 
may not significantly contribute to children's visual 
attention in this context, possibly because of the 
young age of the participants and their developing 
reading skills. Overall, these results highlight the 
importance of sound integration and motion 
graphics in enhancing children's visual engagement, 
whereas the role of color, design, and text may vary 
in influence. 

 
Table 3: Path coefficients 

Path Path coefficients 
Color scheme > children's vision attention 0.091 

Graphic design > children's vision attention 0.135 
Motion graphics > children's vision attention 0.184 

Sound integration > children's vision attention 0.555 
Text readability > children's vision attention -0.049 

  

The results shown in Table 4 indicate the 
statistical significance of the relationships between 

perceptual factors and children's vision. Sound 
integration has the strongest and most significant 
effect on children's vision, with a path coefficient of 
0.555, a T-statistic of 10.676, and a P-value of 0.000, 
confirming a highly significant positive influence. 
Motion graphics also positively influence children's 
vision, with a path coefficient of 0.184, a T-statistic of 
2.307, and a P-value of 0.021, indicating a 
statistically significant effect. The graphic design has 
a moderate positive effect, with a path coefficient of 
0.135, a T-statistic of 3.306, and a P-value of 0.001, 
indicating strong statistical significance. The color 
scheme has a weaker positive effect (path coefficient 
= 0.091) but still shows statistical significance, with a 
T-statistic of 2.239 and a P-value of 0.025. On the 
other hand, text readability does not have a 
statistically significant effect on children's vision, as 
indicated by its negative path coefficient of -0.049, a 
T-statistic of 0.621, and a P-value of 0.534, 
suggesting that text readability may not significantly 
impact children's visual attention in this context. 
Overall, the analysis highlights the strong impact of 
sound integration, motion graphics, and graphic 
design on children's visual attention, while the color 
scheme plays a smaller but still significant role, and 
text readability has no significant influence. 

 
Table 4: Statistical significance of path coefficients 

 Original sample Sample means Standard deviation T-statistics P-values 
Color scheme > children's vision attention 0.091 0.093 0.040 2.239 0.025 

Graphic design > children's vision attention 0.135 0.136 0.041 3.306 0.001 
Motion graphics > children's vision attention 0.184 0.184 0.080 2.307 0.021 

Sound integration > children's vision attention 0.555 0.554 0.052 10.676 0.000 
Text readability > children's vision attention -0.049 -0.050 0.079 0.621 0.534 

 

The results of this study partially support the 
hypothesis that color schemes positively affect 
preschool children's visual attention. While color 
schemes had a positive influence, the effect was 
relatively weak compared with that of other factors, 
with a path coefficient of 0.091. This suggests that 
although color can create an engaging environment, 
it is not as significant in sustaining children's 
attention as other dynamic elements, such as sound 
and motion graphics. 

The hypothesis regarding the positive impact of 
graphic design on children's visual attention is 
supported by the results. The graphic design 
demonstrated a moderate effect, with a path 
coefficient of 0.135. These findings indicate that 
well-organized and visually appealing designs 
contribute to maintaining children's focus, 
supporting the idea that attractive and structured 
visuals help guide children's attention in educational 
content. 

However, the hypothesis that text readability 
positively affects children's visual attention was not 
supported. The data revealed a negative and 
statistically insignificant effect, with a path 
coefficient of -0.049. This finding suggests that for 
preschool-aged children, text readability is not a 
critical factor in capturing attention, possibly 
because their developing reading skills lead them to 
focus more on visual and auditory elements than 
text. The strongest support was found for the 

hypothesis that sound integration positively 
influences children's visual attention. With a path 
coefficient of 0.555, sound integration had the most 
significant effect, highlighting the importance of 
multisensory engagement in maintaining children's 
focus. When sound is effectively synchronized with 
visual content, it enhances children's ability to 
concentrate and engage with the material. 

Finally, the hypothesis regarding the positive 
impact of motion graphics was also supported. 
Motion graphics had a significant positive effect on 
children's visual attention, with a path coefficient of 
0.184. The dynamic nature of motion graphics 
effectively captures and sustains attention, making it 
a valuable tool in educational content for young 
children. Overall, the study supports most of the 
hypotheses, emphasizing the importance of sound 
and motion in engaging children's attention, whereas 
text readability plays a minimal role in preschool 
learners. These findings provide valuable insights 
into how each perceptual factor contributes to 
children’s visual attention, forming the basis for the 
subsequent discussion of their broader implications 
and alignment with existing educational theories. 

5. Discussion 

The results suggest that children’s visual 
attention is most positively affected by sound 
integration, which is reflected in the considerable 
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path coefficients and statistical significance. This 
result agrees with the findings of past studies, which 
emphasize the role of multisensory integration in 
learning. It has been proven that sound can be 
effectively combined with pictures in such a way that 
cognitive activity is improved, and children’s 
attention is limited, confirming multimedia learning 
theories based on a dual coding system of auditory 
and visual information (Fleming et al., 2020). 
Building on the significance of sound integration, it is 
equally important to explore the role of motion 
graphics as another dynamic multisensory element 
that captures and sustains children’s attention. The 
integration of multisensory elements aligns with 
dual coding theory, which suggests that combining 
visual and auditory stimuli enhances cognitive 
processing and memory retention by activating 
multiple pathways (Mir et al., 2023). Moreover, these 
elements reduce the cognitive load, making it easier 
for children to focus on critical information. In 
addition to providing immediate benefits, 
multisensory design fosters inclusivity, 
accommodating diverse learning preferences and 
supporting children with sensory or learning 
challenges. These principles also resonate with 
constructivist approaches, which advocate engaging 
in interactive environments to facilitate deeper 
learning. By adopting multisensory strategies, 
educational systems can enhance not only attention 
but also overall learning outcomes, contributing to 
the development of innovative, child-centered 
instructional tools. 

Motion graphics were also found to positively 
affect visual attention and were statistically 
significant, indicating that a strong belief is held that 
children’s attention can be captured and sustained 
by dynamic elements. Using motion graphics as 
tools, such as animations and e-books, in educational 
settings aligns with previous research indicating that 
motion enhances attention capacity, which is more 
common in younger children (Sun et al., 2019). In 
addition to motion graphics, effective graphic design 
strategies contribute to children’s visual attention by 
creating visually appealing and organized content 
that supports engagement and understanding. 

The influence of children's graphic design 
strategies was found to be moderate yet significant 
in terms of visual attention. Visual engagements are 
likely to be of better performance since the 
exposures contain appealing and organized images, 
which children normally love because they are ‘user-
friendly’. While effective graphic design is central to 
directing attention and enhancing understanding of 
the findings, particularly when such understanding 
is needed together with some images, the existence 
of this knowledge confirms the importance of 
graphical designs in educational content materials 
(Vallverdu-Gordi and Marine-Roig, 2023). Although 
graphic design and color schemes contribute to 
visual engagement, the relatively small influence of 
color schemes compared with other aspects 
necessitates a deeper exploration of their 
interactions with dynamic features such as motion 

and music. While the color scheme was favorable, it 
had comparatively weaker effects than some of the 
other variables, but was still statistically significant. 
This finding indicates that although colors contribute 
greatly to the attractiveness of visual design, they 
may not be as effective as moving images or sounds 
in holding the audience’s attention. The limited effect 
of using color schemes is an indication that color 
alone is not enough to attract attention and must be 
used in conjunction with other elements, such as 
movement or sound (Öztürk, 2010). 

Curiously, however, text readability had a strong 
negative but statistically insignificant effect on 
children’s visual attention. One might regard the 
result as being the reading proficiency of preschool 
children, who are out of the stages of comprehension 
and actively concentrating on written words. Their 
attention may be captured better with pictures and 
movement than with text. This further supports 
research that also discusses the dynamic in which 
children pay close attention to visual images rather 
than focus on the text during early education 
(Crossley et al., 2008). 

The discussion highlights the critical roles of 
sound and motion in driving children’s visual 
attention, supported by the moderate contributions 
of graphic design and color schemes. These insights 
pave the way for the conclusion, which summarizes 
the study's findings and their implications for 
educational resource development. While graphics 
and color combinations are identified as 
underpinning factors, the results indicate that the 
relevance of looking at text is minimal at this stage of 
development. These findings emphasize the 
importance of adopting multisensory strategies, as 
sound and motion have been shown to enhance not 
only attention but also learning outcomes. 
Multisensory approaches reduce cognitive load, 
engage diverse learners, and align with educational 
theories advocating for interactive and engaging 
environments. This understanding enhances 
educational resource development, helps eliminate 
the reliance on traditional teaching methods, and 
supports cognitive development in preschool 
children. Such content, which aids in cognitive 
structure and interfaces, will also aid in 
understanding how educational images function and 
why children require such representations of the 
learned material. Roughly, some of these lines may 
even work for instructional materials for older 
children and adults, at least in aspects concerning 
cognitive rather than motivational factors. 

6. Conclusion 

This study sought to evaluate the effects of five 
aspects, namely, color scheme, graphic design, text 
readability, sound integration, and motion graphics, 
on children’s visual attention to educational settings. 
The results of the study showed that children’s 
attention and involvement have improved the most 
through sound integration and motion graphics, 
which stresses the necessity of multisensory feature 
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designs of educational materials. Although graphic 
design and color schemes also positively impact 
visual attention, their influence is less pronounced, 
which indicates that these elements are more 
effective in conjunction with movement and sound. 
The infographics, however, had the least impact on 
focused attention, which can be attributed to the 
toys of preschool children, who are more responsive 
to images and sounds than to letters and words. 

These findings have salient implications for the 
construction of educational materials, particularly 
for younger children. For the optimal engagement of 
children, the design of the material must be visually 
attractive, with a focus on the combination of sound 
and motion graphics. In addition, attention must also 
be given to graphic design and color so that the 
materials are both visually attractive and 
systematically organized. Such text-level features 
may not be very important for preschool-aged 
learners; thus, the design of educational content 
should focus less on reading and more on graphics 
and sounds. 
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