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Abstract

This study aimed to analyze visual content on Indonesian junior high school science textbooks by discovering
characteristics and patterns of STEM-related content. Textbooks could be a great vehicle to promote the
interlinked importance of science, technology, engineering, and mathematics disciplines in a compact context.
Therefore, analyzing the visual patterns and characteristics in the science textbook is paramount. The samples in
this current study consisted of science textbooks from grade IX, specifically two of the most widely used science
textbooks in Indonesia. The type, function, and pattern of the STEM-related contents were the main focuses. The
results showed significant differences in the type, function, and pattern of STEM-related content in the selected
textbook. Moreover, this current study reveals a poor, unequal representation of the type, function, and pattern
of STEM-related content in the textbook. This empirical evidence, in the form of visualizing patterns and
characteristics, is crucial, primarily to guide science teachers to utilize science textbooks in their everyday
school life. Other essential implications are also discussed in this study, primarily pertaining to publishers,
academia, and educational policymakers in Indonesia and other countries worldwide.
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INTRODUCTION

A textbook is an essential part of the science learning process at the secondary school

level in Indonesia. Textbooks can help students study science (biology) and make it easier to

understand. Textbooks also contain not only writing or text but also illustrations or

visualizations that describe a concept or things related to biology, aiming to avoid verbalism

in students or readers. Moreover, textbooks are more than just carriers of information; they

are the primary visual environment where students construct mental models of complex

phenomena. According to Mayer’s Cognitive Theory of Multimedia Learning (Mayer, 2014),

students learn more deeply from words and pictures than from words alone. However, not all

visuals are created equal. In an integrated STEM (Science, Technology, Engineering, and

Mathematics) context, visuals must act as 'epistemic tools', images that don't just show a thing,

but explain a process or a relationship. Therefore, the position of visualization of the textbook

is vital and helps students generate a better understanding (Guo et al., 2018). Additionally, a

well-presented visualization in a textbook can enhance the quality of the learning process

(Jian & Ko, 2017). However, the visualization in the textbook must represent the concept and

also need to follow the students' physical and mental development process (Cheung &

Winterbottom, 2023). In addition, the visual content in textbooks must also accommodate the
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advancement of science and technology (Kang & Kim, 2023; Parthasarathy & Premalatha,

2022).

The development of science and technology, encompassed in STEM (Science,

Technology, Engineering, and Mathematics) education, has occurred rapidly in various parts

of the world and across disciplines, particularly over the last two decades. Many countries

worldwide, including in Asia, such as Taiwan, Korea, Thailand, Vietnam, and Malaysia, have

performed STEM education in a formal part of their education system (Wahono et al., 2025).

It is undeniable that STEM education has great potential in successfully preparing human

resources in the 21st century. Whereas in Indonesia itself, STEM education is still at the

"initiation" stage (Wahono et al., 2023). Indeed, However, limited research in Indonesia has

assessed how science textbooks contain information related to STEM education, especially

visual content.

Furthermore, in developing visualizations in textbooks, a well-knowledge and

strategies are needed. Therefore, the developed textbook could increase reader understanding

(Roberts et al., 2015; Schoenherr et al., 2024). In addition, it should also be understood that

visual literacy is not a skill that is generally possessed by everyone but will significantly

depend on the clarity, format, and content of the visualization (Guo et al., 2018).

Visualization will be effective if the reader already knows about the image obtained either in

the field of science itself or the concept that is being studied (Cook, 2006). Thus, it is also

necessary to understand the types of visual features that students often encounter in their

science textbooks. Frequently, the visualization given in the textbook becomes a very

complex picture that can confuse the students. Therefore, it is crucial to understand the

existing information regarding the visual attributes, including the type, function, and even the

pattern, in the Indonesian science textbooks.

The visual complexity of problems in visualizing concepts must be overcome hence

that the students can quickly learn and understand. Furthermore, the visualization will

become an entity that becomes the basis of students' minds in thinking or imagining a

particular topic, which will later become a concept that will exist in the minds of the students.

Therefore, an appropriate visualization is needed to match expectations, and in the end, it

does not burden students in the interpretation process. The importance of visualization in

science textbooks is also something that has great potential, especially as an effort to develop

and improve the students understanding in science lessons and even better scientific literacy.

In addition, knowledge of STEM-related visual content in science textbooks at the secondary

school level will be significant information for teachers, other researchers, writers, publishers,

and the government to prepare learning resources as time goes by the world development.
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Researchquestions:

1. What are the types and functions of visuals and the visualization patterns related to STEM

content in science textbooks at junior high schools' level in Indonesia?

2. Are there differences in the types, functions, and visualization patterns related to STEM

content based on the topics in science textbooks at junior high schools' level in Indonesia?

TextbooksVisualization

Visualization originally came from things related to art, but now visualization plays a

vital role in various fields, including education, cognitive psychology, literacy, and even new

ones today in STEM (Science, Technology, Engineering, Mathematics) education (Baker,

2012). Therefore, the visualization in a textbook is no longer a complement to the book but a

tool in understanding a scientific concept. Visualization can also be helpful for increasing

memory capacity and improving the quality of learning (Norman, 2012).

The visualization function in textbooks is divided into five types (Guo et al., 2018;

Sadoski & Paivio, 2013), namely: 1) decorative, serves as an ornament but does not support

the text meaningfully. For example, a photo of a tiger in a Biology lesson; 2) representation,

addressing aspects of its literal meaning and showing something concrete in an abstract

concept; 3) organization, it is indispensable for student textbooks to help students remember

organized information; 4) interpretation, part of the elements of representation and

organization by presenting information in a way that can help the reader's understanding. For

example, a map of Indonesia accompanied by the movements of the freedom fighters; 5)

transformational, trying to change from an abstract thing into a form that can be remembered;

for example, the positive and negative poles are marked with "+" and "–" to facilitate the

explanation process.

The results of the study show that the right visualization of textbooks quantitatively

shows a positive trend towards increasing students' understanding (Guo et al., 2018). Other

studies have also shown that the inclusion of visualization in textbooks has a positive effect

on students' reading comprehension (Guo et al., 2020). Therefore, it is necessary to carry out

an in-depth analysis of visualization in biology science textbooks at the secondary school

level, both in terms of the type, function and content of STEM. It is hoped that

comprehensive information will be found on existing patterns and also on how to visualize

textbooks that should be used in the 21st century.

STEM Education and Visualization

Recently STEM (science, technology, engineering, mathematics) education has been

developing very rapidly in all parts of the world. In terms of definition, there is no fixed

consensus in the literature. However, STEM education can be formed of teaching and
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learning in a particular STEM class (Bybee, 2013; Wahono et al., 2023). Another study

argues that STEM education is a teaching approach that integrates at least two of the four

STEM domains in an integrated way (Baran et al., 2016; Bybee, 2013). Meanwhile, other

studies mention that STEM education could be a teaching and learning that emphasizes

hands-on and problem-solving activities by using some disciplines and skills (Martín-Páez et

al., 2019; Wahono et al., 2020; Wahono et al., 2025). Therefore, in this current study context,

the STEM textbook and STEM-related content refer to any textbooks as a learning resource

in a particular STEM domain (e.g., science).

Many researchers have proved the benefits of STEM education enactment in the

classroom. One of the promising benefits is its potential to hone students' opinions and

decision-making skills (Wahono et al., 2023; Wahono et al., 2025). STEM education

positively affects the development of students' thinking processes because it involves not only

one disciplinary perspective (Martín-Páez et al., 2019). Students are accustomed to

convergent and divergent thinking in learning conditions that have been set through STEM

education. Therefore, it is undeniable that STEM education plays a significant role in

attracting students' interest in learning and, in the end, improving student learning outcomes.

STEM education can also be a powerful tool in assisting the complicated decision-making

process for students. However, limited study has been found that analyzes the visual content

of biological science textbooks concerning STEM-related education content.

Visualization plays a crucial role in STEM education, as it helps students better

understand the world around them and draw conclusions from complex data (Calcetero, 2021;

Teplá et al., 2022). Incorporating visualization into science textbooks and classroom activities

potentially enhance students' ability to analyze experimental data, communicate findings, and

develop critical thinking skills (Wilkerson et al., 2025; Yoon et al., 2021). Some benefits of

visualization in STEM education include: First, visual representations can help students grasp

abstract concepts and principles more effectively than text alone (Evagorou et al., 2015).

Second, data visualization techniques can facilitate the analysis of experimental data and

reveal patterns or trends that may not be apparent from raw data. Third, effective

visualization skills are essential for students to communicate their findings and insights to

others, making it a vital component of scientific inquiry and collaboration. Fourth,

visualizations can engage students and make the learning process more enjoyable, as they

allow students to explore data and discover insights for themselves (Guo et al., 2018).

Therefore, to fully realize the potential of visualization in STEM education, it is essential to

integrate it into the curriculum and provide students with the necessary tools and resources to

create and interpret visual representations (Calcetero, 2021). By incorporating visualization
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into science textbooks and classroom activities, educators can foster a deeper understanding

of STEM concepts and promote critical thinking and problem-solving skills among students.

TheCognitiveRole ofVisuals in STEM

The fundamental premise of this study is anchored in Mayer’s Cognitive Theory of

Multimedia Learning (CTML), which posits that the human brain processes information

through two distinct channels: one for verbal input and one for pictorial representation. This

dual-channel architecture suggests that meaningful learning occurs not through the passive

absorption of facts, but through the active processing of integrating these two streams into a

coherent mental model. In the context of STEM education, where concepts are often abstract

or multi-dimensional (Adanur-Sönmez et al., 2025; Vermehren et al., 2025; Wahono et al.,

2025), visuals serve as essential scaffolding (Zhang & Jia, 2024). However, CTML warns of

the Limited Capacity of working memory. If a textbook is saturated with visuals that do not

directly support the instructional objective, it creates "extraneous cognitive load" that hinders

the student’s ability to select and organize relevant information. Therefore, analyzing whether

a visual is "decorative" or "interpretative" is not merely a matter of categorization, but an

evaluation of the textbook’s cognitive efficiency in facilitating knowledge construction.

Furthermore, the Coherence Principle within CTML provides a critical lens for

examining the "unequal distribution" of visual types found in this study. This principle

suggests that learning is significantly improved when extraneous or decorative material is

excluded rather than included (Mayer, 2024). When Indonesian science textbooks rely

heavily on representational photos that lack interpretative depth, they risk distracting the

learner from the core STEM epistemologies, such as mathematical modeling or engineering

design that require more structured, transformational visuals like schematics and flowcharts

(Ghritlahare, 2025). By moving beyond a simple count of images and examining their

pedagogical function, this study interrogates how the current visual design of science

textbooks either supports or subverts the "Integrated STEM" approach. Without a balanced

distribution of visual attributes that include the "M" (Mathematics) and "E" (Engineering)

components, the textbook fails to provide the necessary visual language for students to

transition from surface-level recognition to deep, cross-disciplinary understanding.

METHOD

Research Type

This current research used a content analysis study. Indeed, the content analysis

performed in this study was focused on counting and measuring of the visual (quantitative).

We made inferences about the producers and audience of the texts that we analyzed.
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Therefore, this study aimed to analyze the types, functions, and patterns of STEM-related

content of visuals in secondary school science textbooks in Indonesia.

This study focused on visuals in two science textbooks based on the revised K-13

curriculum (the last version of the Indonesian curriculum), particularly in grade IX, Junior

High School. In selecting textbooks, we identified those adopted by highly populated students,

and they are "Market Leaders" which cover >70% of the student population in Indonesia, so

they are functionally representative even though the numbers are small. The term 'textbook'

refers to a book that is widely used as a primary resource by students in daily science learning

at school and is readily available in the market. The textbooks can be accessed in both printed

and online forms (Yukaliana, 2018; Zubaidah et al., 2018).

Furthermore, in this method, what is meant by visual as a graphical display is not only

limited to diagrams, maps, graphs, and tables, but also a visual may contain some text, such

as a label on a regional map or other related information. Still, the primary source of

information is from visual presentations, not textual ones. The topics were selected randomly

from several topics in the two science textbooks from different publishers. In total, we have

selected six topics that comprised of the human reproduction system (HRS), plant & animal

breeding system, heredity of living things (HLT), biotechnology (Biotech), land & survival of

life (LSL), and green technology (GT).

Coding Scheme

This study adopted a comparative approach as an analytical tool (Coleman & Dantzler,

2016; Fingeret, 2012; Guo et al., 2018). Then, we also adapted Fingeret's coding scheme to

generate a detailed list of subtypes (see Table 1). For example, we identify a chart as a visual

that shows the components of an entire static relationship with labeled sections. Furthermore,

our research team independently developed a tentative definition for each visual category and

found representative examples as part of this research.

Table 1. The Framework Analysis of Visual Content
Variables Sub variables Descriptions
Type of
Visual

Photo - An image created by light falling on a photosensitive
surface, usually photographic film or an electronic image
sensor

Chart - A graphical representation for data visualization, in which
"symbols represent the data, such as bars in a bar chart,
lines in a line chart, or slices in a pie chart

Diagram - A symbolic representation of information using
visualization techniques

Visual Text - A text in which the image plays a major role in the
audiences' response
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Variables Sub variables Descriptions
Schematic - A representation of the elements of a system using abstract,

graphic symbols rather than realistic pictures
Flowchart - A type of diagram that represents a workflow or process

Function of
Visual

Decorative - Ornament but does not support text meaningfully

Representation- Addressing aspects of its literal meaning and showing
something concrete in an abstract concept

Organization - Organized/structured information
Interpretation - Part of the elements of representation and organization by

presenting information in a way that helps readers
understand

Transformation- Strive to change from an abstract thing to a memorable
form

Extensional - Represent textual information and add new information
STEM-
Related
Content

Science - The study of natural phenomena involving observation and
measurement

Technology - Innovations to modify nature to meet human needs and
desires

Engineering - Knowledge and skills to design and construct machines,
tools, systems, materials and processes that are useful to
humans

Mathematics - Knowledge of patterns and relationships, both in the form
of numbers/counts and non-numbers/counts

Others - Other things outside of science, technology, engineering,
mathematics

We also developed a coding scheme to illustrate the functionality visually. However,

we coded visuals based on the main functions of visualization, namely, decorative,

representation, organization, interpretation, and transformation. However, later, when we

found a visual with several different functions (for example, a simple diagram can be a

representation and organization), we coded the most prominent function, which would be

determined or seen from the surrounding text. In addition to the five main functions above,

Fingeret (2012) encodes visual functions that add new information as extensional, even if the

main function was a representation (for instance). We would identify a visual with an

extensional connection when it both represents textual information and adds new information.

When reading such visuals, students would be able to easily interpret and relate additional

information to what they have read in the text.
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Data Analysis

To deal with the first research question, which is what the types, functions, and

visualization patterns related to STEM content in science textbooks are, we performed a

qualitative analysis using the IBM SPSS Statistics for Windows software (Version 25). Then,

to answer the second research question, namely, are there differences in the types, functions,

and visualization patterns related to STEM content based on topics in the science textbook,

we performed a likelihood-ratio chi-square statistic (G2) with the same software, which aims

to check whether the visuals in the biology science textbooks are statistically significant.

Indeed, the G2 is based on the ratio of the observed to the expected frequencies. Moreover, an

advantage of the likelihood ratio chi-square is that G2 for a large dimensional table can be

neatly decomposed into smaller components, and this case cannot be done precisely with

Pearson’s chi-square (Howell, 2011).

RESULTSANDDISCUSSION
Efforts to develop and increase the understanding of readers/students in Biology

science lessons and even scientific literacy, in general, can be done by maximizing visual

functions and roles. On the other hand, textbooks are the primary reference for high school

students' biology knowledge in Indonesia. Thus, this study aims to investigate existing

conditions regarding types, functions, and visual patterns related to STEM content and to

reveal the basic differences in these conditions based on the topic of material in Biology

textbooks.

VisualTypes andFunctions andVisualizationPatternsAssociatedwith STEMContent

The types and functions of visuals and visualization patterns related to STEM content

in science textbooks at the junior high school level in Indonesia can be seen in Figures 1 and

2. These figures reflect the existing condition of science textbooks in Indonesia regarding the

content, especially the embedded visual that the students see during their learning. Notably,

the visual type of the science textbook is clearly categorized in Figure 1.

Figure 1 reveals much unique information from the visual types of Indonesian junior

high school science textbooks. First, the leading type of visual in the textbook is the photo.

This type of visual almost dominates all the other types, namely 69,54% of the total of 174

pictures in the selected topics in the textbook. This condition is quite similar to the study

conducted by Guo et al. (2018). They found that photographs and general images are the most

common visuals in the upper elementary grades because at these grades, science and social

studies textbooks (62.4% and 16.3%, respectively). Meanwhile, in order to leverage the
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student analysis skills and higher-order thinking skills (HOTS), we need more visualization

on the types of charts, diagrams, and flowcharts.

However, the findings of this study reveals that the visual type of chart, diagram, and

flowchart has the lowest position from the bottom. Even, we could not find any chart type

(0%) of all the visuals in the selected junior high school science textbooks. Based on the

aspects of the PISA scientific literacy assessment framework (OECD, 2017), the student

needs an ability to interpret data and evidence scientifically. Then, we argue that in terms of a

textbook as a learning resource, the visual chart and diagram are crucial. Moreover, based on

the proposed focus domain for PISA 2022 creative thinking assessment (OECD, 2021), the

visual and written will be an item belonging to the creative expression domain. Therefore, it

is urgent to consider the proportion of this visual type in each science textbook in Indonesia

or even in the rest of the world. Then, many parties such as publishers, teachers, researchers,

and educational policymakers should be aware of the visual content equalization in science

textbooks and textbooks in general.
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Figure 1.Visual Types (Left) andFunction (Right) of the Indonesian JuniorHighSchool Science
Textbooks

The Figure of the function variable (right) in Figure 1 is also slightly the same as the

previous figure, which has much important information regarding the visual function in the

Indonesian junior high school science textbooks. The decorative is in the top position, shown

in the figure. It has more than half of the total visual function found in the science textbook.

The decorative visual in this term means that the visual seems like an ornament, and it does

not support the text meaningfully. One example we provide in this function is the figure of

the orange tree. The text discusses the land and soil; however, the picture (orange’s tree) does

not clearly relate to the text, and there is not enough information regarding its relationship.

The visual functions only as an ornament that makes it more aesthetically attractive.

More important things were also revealed from this study. The unequal distribution

function of visuals from the science textbook is shown in Figure 1. Even though the
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interpretation function is essential for students, the interpretation percentage is no more than

10% in this study. Meanwhile, many well-developed textbooks should comprise the

interpretation function on the top two ranked distributions from the total function (Guo et al.,

2018). Moreover, some previous studies indicated that the most advantageous visual would

be interpretational and transformational, as they would help the reader encode content in

concrete and novel ways (Carney & Levin, 2002). The interpretation is a part of the elements

of representation and organization by presenting information in a way that helps readers

understand (Binali et al., 2024; Zerman & Pektas, 2023). The interpretation is one key

element in the PISA framework to hone students’ scientific literacy (Wu, 2025). In addition,

this current study result shows the organization’s function is also a tiny percentage. However,

Myers et al. (2002) argue that social studies textbooks were more likely to contain

organizational or interpretational visuals. These form and function outcomes are connected

because tables and maps generally add to information organization.
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Figure 2. Patterns ofVisualizationRelated to the STEMContent of Indonesian JuniorHigh School
ScienceTextbooks

Figure 2 shows that more than 60% of the STEM visual content is science. The

provided data is plausible because it is a science textbook. However, the opposite condition

shows that mathematics is the smallest portion of the visual percentage (.575%). Then, in

order from the highest to the lowest, they are science, technology, engineering, others, and

mathematics. An example of the visual science content, in this case, is DNA and RNA

molecules. Meanwhile, the visual mathematics content instance is about the picture that

shows a number of fish divided into several groups (1, ½, 1/3 portion). Furthermore, the

“others” comprise many things outside of science, technology, engineering, and mathematics.

A picture of kids playing football in the field was an instance of the “others” visual content in

this current study.
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Based on the findings in Figure 2, reveal a 'STEM silo' within the visuals. While

Science (S) is vibrantly represented, Mathematics (M) remains virtually invisible in the visual

landscape. This absence is not just a numerical deficit; it is a pedagogical one (Wahono et al.,

2025). Without 'M', the language of data visuals remains at the level of 'looking at' rather than

'thinking with.' The heavy reliance on “decorative photos” suggests that textbooks are being

designed for engagement rather than deep cognitive inquiry. This condition creates a 'glass

ceiling' for students. They see the products of science (the photos), but they cannot see the

underlying logic (the charts and schematics).

Differences in Types, Functions, and Visualization Patterns Related to STEMContent Based on
theTopics

The topic is one of the crucial things in terms of learning resources. Topics guide

teachers to prepare an appropriate teaching method that matches the topics’ characteristics.

Moreover, a learning topic should contain well-crafted content, including visualizations, and

should be distributed equally and for a purpose among them. Therefore, the second research

question aims to determine whether or not there are differences in the types, functions, and

visualization patterns related to STEM content based on the topics in science textbooks at the

junior high school level in Indonesia.

We found some interesting findings based on the current study data (Table 2). First,

there was no “chart” type of visual on all of the topics. Second, the type of visual on most

topics is “photos”. Third, the “photo & schematic” is available on all the topics. Fourth, the

“flowchart” is only available on the “HRS and biotech” in a small portion. However, even

though the result reveals some common patterns, it also shows several unique variations.

Therefore, we need an advanced statistical analysis to know whether there are significant

differences in types, functions, and visualization patterns related to STEM content based on

the topics. Table 2 shows the detailed information to understand the second research question.

Table 2. Types, Functions, and Visualization Patterns Related to STEM Content Based on the
Topics in Science Textbooks

Variabl
e PatternofTopics Count

(N=174)

Likelihoo
d-Ratio
Chi-
Square
(G2)

Asymptomat
ic

Significance
(2-sided)

Types
of

Visual

HRS*PHT_CRT_DGR_TVL_SCM_FL
C;
PABS*PHT_CRT_DGR_TVL_SCM_F
LC;
HLT*PHT_CRT_DGR_TVL_SCM_FL
C;
Biotech*PHT_CRT_DGR_TVL_SCM_
FLC;

8_0_0_0_11_1
;
37_0_0_0_11_
0;
13_0_1_3_5_0
;
23_0_0_1_4_1
;

34.892 .021
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LSL*PHT_CRT_DGR_TVL_SCM_FL
C;
GT*PHT_CRT_DGR_TVL_SCM_FLC;

19_0_1_0_4_0
;
21_0_0_0_10_
0;

Functio
n of
Visual

HRS*DCR_RPR_ORG_ITP_TRF_EXT
PABS*DCR_RPR_ORG_ITP_TRF_EX
T
HLT*DCR_RPR_ORG_ITP_TRF_EXT
Biotech*DCR_RPR_ORG_ITP_TRF_E
XT
LSL*DCR_RPR_ORG_ITP_TRF_EXT
GT*DCR_RPR_ORG_ITP_TRF_EXT

2_7_3_5_0_3;
32_5_2_7_0_2
;
11_6_1_0_4_0
;
15_9_0_3_0_2
:
11_11_2_0_0_
0;
18_8_0_2_1_2
;

67.300 <.001

STEM-
Related

HRS*S_T_E_M_O
PABS*S_T_E_M_O
HLT*S_T_E_M_O
Biotech*S_T_E_M_O
LSLS_T_E_M_O
GT*S_T_E_M_O

19_1_0_0_0;
42_5_0_1_0;
21_1_0_0_0;
12_14_3_0_0;
8_2_11_0_3;
6_16_7_0_2;

111.630 <.001

Note: HRS = Human Reproduction System; PABS = Plant & Animal Breeding System; HLT =
Heredity of Living Things; Biotech = Biotechnology; LSL = Land & Survival of Life; GT = Green
Technology; PHT = Photo; CRT = Chart; DGR = Diagram; TVL = Text Visual; SCM = Schematic;
FLC = Flowchart; DCR = Decorative; RPR = Representative; ORG = Organization; ITP =
Interpretative; TRF = Transformative; EXT = Extensional; S = Science; T = Technology; E =
Engineering;M=Mathematics;O=Others.

Table 2 reveals a significant statistical difference of the visual types in the science

textbook based on topics. The likelihood-ratio chi-square score is 34.892, with a significance

score of .021. It literally means that those topics have different patterns according to their

type of visual in the Indonesian science textbook. Moreover, even though the “photo” type

dominates the count, they have differed in terms of quantities and the pattern. Some topics,

for instance, the plant & animal breeding system, the type of photograph was most prevalent,

meanwhile, another topic (human reproduction system), the schematic type was dominant.

The visual function variable also shows a slightly similar result (Table 2). A

significant statistical difference appears in the visual function in the science textbook based

on the topics. The likelihood-ratio chi-square score is 67.300 with a significance score of

<.001. It means that those topics have different patterns according to visual function in the

Indonesian science textbook. Indeed, the decorative function appears as the typical pattern on

most topics, except in the topic of the human reproductive system, which is distributed nearly

equally across all topics.
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The data also shows a significant difference among the topics in terms of STEM-

related content. The likelihood-ratio chi-square score is 111.630 with a significance score of

<.001. It means that those topics have different patterns according to the visual STEM-related

content in the science textbook. Some interesting findings are shown in this data. First, the

science-related group dominates in terms of quantity in this variable. Second, even though

this is a science textbook, some particular topics tend to comprise a majority of, for instance,

the technology content in the biotechnology topic and the engineering on the land and

survival of life topic.

The influence of the topics is strong in determining the distribution of STEM-related

content. Guo et al. (2018) conducted a study, and they argued that the types of visuals

significantly differed between the topics and disciplines. Each topic has a unique pattern, with

dominant STEM-related content. Behnke (2021) argued that comprehensibility (image

content connects to the topic) is one of the usability qualities of visual design elements in

textbooks that may affect learning motivation and knowledge construction. However, one

should discuss the fact that the mathematical content is scarce in appearing as a visual of

STEM-related content. Meanwhile, this mathematical literacy and content are needed for

students, even in science textbooks, especially when they solve a PISA test (OECD, 2017;

OECD, 2021). Finally, the weakness of textbooks would lead to a shortcoming of the teachers

in teaching and learning preparation. Moreover, teachers’ lack of preparation or attention to

visual literacy is specific in Indonesia, but it is also documented in the United States, South

Africa, and Norway (Erstad, 2012; Moodley, 2013).

CONCLUSION
This current study reveals much unique information about the visual types and

functions of Indonesian junior high school science textbooks. Some visual types (e.g.,

photograph) and functions (e.g., decorative) are extremely dominant over others. Meanwhile,

the other visual functions (e.g., interpretation) are available in tiny portions or are not

available at all for the chart visual type. Moreover, this research also shows a significant

statistical distribution of visual types, functions, and the pattern of STEM-related content on

the Indonesian Science Textbook. Based on the result analysis and discussion from literature,

the shortcomings of the visual pattern of type, function, and STEM-related content could

potentially promote the weakness of Indonesian students’ skills and literacy on solving

science student performance metrics (e.g., PISA test). While it is tempting to link these visual

imbalances directly to student performance metrics, the more immediate concern is the

misalignment between Indonesia’s 21st-century educational goals and the instructional tools
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provided to achieve them. To truly transition into an 'Initiation' stage of STEM, Indonesian

textbooks must evolve. They need to shift from being 'picture books' of science to becoming

'manuals for inquiry' where visuals, text, and data are inextricably linked.

However, this research faced several limitations. For instance, this study only selected

two of the most prominent publishers in Indonesia. Therefore, it is necessary to compare the

results by conducting and adding more publishers. Nevertheless, we firmly believe that this

current result could represent the actual condition of visualization science textbooks in

Indonesia. This result may also be the basis for further studies, such as investigating

qualitative and quantitative approaches of the best visual content ratio in a science textbook.

Therefore, this current study has many crucial impacts for several parties, such as publishers,

academia (teachers and researchers), and educational policymakers in Indonesia or other

countries throughout the world.
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