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Visualization of procedural science material such as energy conversion 
is necessary to represent invisible energt chages, however its 
effectiveness depends on compatibility with the student's cognitive 
characteristics. This study analyze the suitability of the design of 
energy conversion media based on coherence, segmenting, signalung 
and spatial contiguity and their implications for junior high school 
students’ cognitive load. This study uses a quantitative descriptive 
approach with a content analysis method. Data is collected through 
direct observation of all visual elements of the media, including layout, 
text, color, visual markers and sequence of information. The analysis 
instrument was compiled based on a synthesis of literature on 
multimedia learning and cognitive load. Results show consistent 
application of segmenting, signaling and spatial contiguity 
consistently, however the application of coherence is still weak due to 
the use of irrelevant decorative elements. These findings show that 
the success of visualization in science learning is not only determined 
by the presence of animations, but also depends on the suitability of 
the design with the cognitive characteristics of students. This study 
recommends the elimination of irrelevant decorative elements and 
maintaining the integration of the principles of segmenting, signaling 
and spatial contiguity in the development of science learning media in 
junior high schools. 

Keywords: Visual Design; Multimedia Learning; Cognitive Load. 
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INTRODUCTION 
Fields of science such as Natural Sciences (IPA) generally contain abstract concepts 

that cannot be observed directly through the sense of sight, such as the process of 
energy change, chemical reactions or the movement of particles. This shows the need 
for help to represent these abstract concepts in the form of visualizations that can be 
seen so that students can understand the interactions between components and 
processes that occur in the concepts they are learning (Jaeger et al., 2021). Energy 
conversion media such as solar energy into electricity through solar panels, water energy 
into electrical energy through turbines or wind energy into electrical energy through 
windmills, helping students understand the stages of energy transformation (Handayani 
et al., 2021; Yudhistira et al., 2022). 

Research by Hochberg et al. (2020) shows that the use of Multiple external 
representation (MER) such as tables, graphs and diagrams are useful in reconstructing 
students' understanding of physical phenomena, especially on concepts involving 
motion and energy changes. In line with this, the study of Becker et al. (2020) proves 
that dynamic visualization of matter allows students to understand the concept of causal 
relationships between the position, speed and acceleration of an object, which is similar 
to the need to understand the flow of energy that occurs in energy conversion events. 
Therefore, it is very important in designing visualization media that can assist students 
in connecting their understanding gaps between concrete and abstract phenomena.  

Meanwhile, on the other hand, the suitability of the design with the cognitive 
characteristics of students is one of the important factors for the success of the 
application of visualization in learning. According to Piaget, students in the age range of 
12-15 years (junior high school) generally have cognitive development that is in the 
transition phase from concrete operations to formal operations, so that the capacity of 
Working Memory students are still limited. In theory Cognitive Theory Multimedia 
Learning (CTML), Students has limited memory capacity in receiving new information. 
Working memory It is only able to accommodate a few pieces of information before the 
information is lost, so that when the information exceeds its capacity, it will occur 
Strange. Cognitive Load which hinders the process of long-term knowledge formation 
and storage in students (Mayer, 2024). 

In addition to limited memory capacity, junior high school students are also easily 
distracted. When a medium displays less relevant information such as excessive 
decorative elements or unstructured presentation of material, it can divert students' 
concentration from focusing on the material to focusing on less essentials. This results 
in an increase in Extraneous cognitive load that is, a condition in which cognitive load 
does not contribute to the achievement of learning goals (Castro-Alonso et al., 2021). In 
more depth, junior high school students also have developing thinking skills where 
students are not fully able to do abstract reasoning and reconstruct the information as 
a whole. Thus, in designing the visualization of learning materials, it is not only important 
to aesthetics but also needs to consider Working Memory and The potential for 
distractions to appear in accordance with the student's cognitive development is 
intended to optimize intrinsic, extraneous and germane cognitive load (Jaeger et al., 
2017). 
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However, in practice in the educational environment, there are still learning 
visualization media that do not pay attention to the principles of multimedia learning 
properly which has the potential to cause cognitive problems, as a result of which 
learning is not achieved. Some of the problems that often arise are: (1) dense, excessive 
visualizations increase Extraneous cognitive load (Jaeger et al., 2017); (2) excessive 
decorative elements violate coherence, distracting from main information (Castro-
Alonso et al., 2021); (3) Separate text and images vailate spatial contiguity, causing split 
attention (Jaeger et al., 2017; Becker et al.,2020); (4) Complex material is presented 
simultaneously without potentially burdensome pauses Working Memory students, 
segmenting is needed (Castro-Alonso et al., 2021); (5) Unclear flow hinders 
understanding of dynamic phenomena, such as arrows, colors or highlighting is 
recommended (Jeger et al.,  2017; Castro-Alonso et al., 2021). 

Based on these five message design problems, it is important to know the main 
role of visual design in science learning. According to Jaeger et al. (2021) in their study, 
visuals play a role in representing concepts to make it easier for students to reconstruct 
phenomena that cannot be observed directly. Some of the main functions of visuals are: 
(1) simplification of complex information; (2) indicators of spatial and temporal 
relationships between elements; and (3) guide students' attention to the crucial points 
of the subject matter. In order for these functions to really work in supporting the 
achievement of learning objectives, visual design must take into account the limitations 
of students' memory by applying the principles of cognitive load theory. Cognitive Load 
Theory (CLT) presented by Sweller identified three types of cognitive load that affect 
learning effectiveness, namely intrinsic, extraneous and Germane. Intrinsic loads are 
related to the complexity of the material being studied, extraneous loads are related to 
loads that arise as a result of poor instructional design and germane loads are related to 
the loads prepared for the knowledge formation process.  Thus, visualization will help 
reduce Cognitive Load during the learning process. 

In the context of multimedia learning, the management of the three cognitive 
loads is adjusted to the characteristics of student information processing (Mayer, 2024). 
Thus, it is important to ensure that the principles of multimedia design are not only 
visually appealing, but also play a role in supporting the effectiveness of students' 
information processing (Çeken & Taşkın, 2022). Based on various multimedia learning 
principles, there are four principles of multimedia learning that are relevant in analyzing 
the suitability of the visual design of energy conversion media with the cognitive 
characteristics of junior high school students, namely Coherence Principle, segmenting 
principle, signaling principle and Spatial contiguity principle.  

Therefore, this study aims to analyze the suitability of the visual design of energy 
conversion learning media using the four principles of multimedia learning, identify 
forms of violations of the four principles, analyze the implications of incompatibility with 
the cognitive load of students and provide recommendations for improving the visual 
design of energy conversion learning media in accordance with the cognitive 
characteristics of junior high school students. 
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METHODS  
This study uses a qualitative descriptive approach with a content analysis method 

(Content Analysis). This method was chosen based on the purpose of the research, 
which is to analyze and describe visual messages applied in energy conversion learning 
media. Krippendorff (2004), that content analysis is a research technique that can be 
replicated to draw valid conclusions from the text to the context that needs to be 
researched. In the context of this study, the "text" in question is all the visual elements 
contained in the visualization media analyzed. 

The object of this research is an energy conversion visualization media that 
contains a dynamic visual representation (animation) of the change of solar, water, and 
wind energy into electrical energy. The visualization of the scientific process is a 
consideration for the selection of media to be studied because it contains various 
relevant visual elements analyzed using the principle of multimedia learning. In addition, 
accessibility to all visual elements and information presentation structures allows for an 
in-depth analysis process. The units of analysis in this study include visual scenes, 
animation sequences, relationships between text and images, visual markers, 
information layouts as well as static and dynamic visual elements that represent the 
energy conversion process. 

The data in this study are all elements contained in the energy conversion 
visualization media including Layout, text, images, colors, visual markers, sequence of 
information. The data is collected through direct observation of media displays. Each 
piece of media is observed to identify visual design characteristics related to the 
principles of multimedia learning. The analysis instrument was synthesis from literature 
studies on multimedia learning and cognitive load in science learning, identifying the 
visual characteristics that are consistently recommended visual characteristic, then 
grouped into coherence, segmenting, signaling, spatial contiguity and Cognitive Load 
(Table 1). The table is the author's guide in identifying and evaluating the suitability of 
visual elements in the observed media.  

 
Table 1. Energy Conversion Visualization Media Suitability Analysis Indicator 

Principle Indicator Literature Policy 

Consistency 1. Display only visual elements that are 
relevant to the energy conversion 
process. 

2. There are no decorative or animated 
images without a pedagogical function. 

3. The text/narrative contains only 
essential information, not 
exaggeration. 

4. There are no distracting seductive 
details. 

Jaeger et al., 2017; Castro-Alonso et 
al., 2021; Al Atiyat, 2018 
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Segmenting 1. The energy conversion process is 
broken down into 2–4 logical stages. 

2. Each stage is presented in a separate 
segment (slides/pages/sequences). 

3. There are pauses or markers of transfer 
between segments. 

4. Users can control the speed, repeat, or 
skip segments. 

Castro-Alonso et al., 2021; Becker et 
al., 2020; Hochberg et al., 2020; Al 
Atiyat, 2018 

Signaling 1. There are arrows, lines, or markers of 
the direction of the energy flow. 

2. Colors/highlights are used consistently 
to emphasize important components. 

3. Titles/markers help with onboarding at 
each stage. 

4. The animation shows a sequence of 
staged processes with temporal 
markers. 

Jaeger et al., 2017; Castro-Alonso et 
al., 2021; Dervić et al., 2019; Xie et 
al., 2017; Al Atiyat, 2018; Peeters et 
al., 2023 

Spatial 
contiguity 

1. The labels/text are placed directly next 
to the components described. 

2. The function explanatory text is close 
to the component in the diagram. 

3. Step instructions are placed close to 
the relevant diagrams/animations. 

4. Related information can be viewed 
simultaneously without  excessive 
scrolling. 

Jaeger et al., 2017; Castro-Alonso et 
al., 2021; Becker et al., 2020; Dervić 
et al., 2019; Al Atiyat, 2018; Peeters 
et al., 2023 

 
The data analysis technique through four stages of analysis consists of identifying 

visual media elements, categorization based on multimedia learning principles, 
interpreting the suitability of the cognitive characteristics of junior high school students 
and analyzing the implications for Cognitive Load. Results of the analysis guided visual 
accuracy assessment and design recommedations. 

 
RESULTS 
Overview of Energy Conversion Visualization Media 
 

 
Figure 1. Initial Display of Energy Conversion Visualization Media 
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The media presented material on the conversion of energy from three different 
sources, namely solar energy, water energy and wind energy into electrical energy. The 
media display centers on the canvas as the main area to show the simulation of energy 
conversion. The media also provides interactive features in the form of control buttons 
for users such as energy conversion buttons, refresh buttons, back buttons, cross 
buttons. Through two-dimensional animation, the media can visualize the flow of water, 
windblown leaves and turbine rotations. To clarify the flow of the energy conversion 
process, the media utilizes the E symbol with a specific color to represent the change in 
the type of energy that moves dynamically from one component to another.  

 
Coherent Principle Analysis 

The visual findings of the energy conversion media show that the entire page has 
a pastel background (green, blue, pink) as a frame, as well as decorative elements on 
the right side such as a book icon with an incandescent lamp, a magnifying glass and a 
monitor screen that frames the main energy source (sun, water, wind). While on the 
right side there is an Energy symbol (E) with various color codes. On the solar energy 
conversion animation page there is an image of the sun with a yellow light effect, solar 
panels, electric generator batteries and incandescent lamps that emit yellow light. On 
the wind energy conversion animation page, there is an image of a moving leaf depicting 
the movement of the wind and turning a windmill, a battery as an electricity generator, 
an electric tower and an electrically powered house. On the water energy conversion 
page there are pictures of water taps that run water, water turbine wheels connected 
to generators, incandescent lamps that emit yellow light.  

The results of the analysis showed that the existence of colorful backgrounds and 
less essential decorative elements such as book icons and incandescent lamps were not 
in accordance with the principle Consistency because it has the potential to distract 
students and increase Cognitive Strangers. Meanwhile, the narrative text in pop-up 
magnifying glass, sun and light emitting light, animated moving leaves, rotating 
windmills, flowing water, rotating turbine wheels are in perfect accordance with the 
principle Consistency because it displays information relevant to the energy conversion 
process. 

 
Segmenting Principle Analysis 

The findings show that the energy conversion process presented by the media is 
divided into 3-4 dynamic stages. 3-stage solar energy conversion, 3-stage wind energy 
and 4-stage water energy which then in each conversion process is followed by a pop-
up that appears from the magnifying glass icon which contains a summary of the energy 
conversion process that occurs. All media pages also provide user control buttons in the 
form of Refresh to repeat the animation and cross buttons to close the pop-up. 

The results of this analysis show that the energy conversion visualization media 
applies the principles of segmentation well, starting from dynamic stages to control 
settings by students that allow students to regulate their learning speed. 
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Signaling Principle Analysis 
 

 
Figure 2. The Use of Visual Markers in the Energy Conversion Process 

 
The findings show that the media applies the signaling principle through the use 

of the letter E symbol which is equipped with a specific color code. The symbol E with 
green means mechanical energy, pink for kinetic energy, blue for electrical energy, 
orange for light energy and red for heat energy. These symbols move dynamically 
following the flow of energy change indicating the type of energy involved in the ongoing 
energy conversion process. In addition, there is also a text title at the top of the pop-up 
to emphasize the energy conversion process, such as the Conversion of Solar Energy to 
Electrical Energy. The results of this analysis have implications for Cognitive Load where 
the movement of symbols and colors automatically directs the student's focus to 
important information that is able to lower Strange and maximize germane cognitive 
load. 
 
Analysis of the Principle of Spatial Contiguity 
 

 
Figure 3. Implementation of Spatial Contiguity 

 
The visual findings of the energy conversion media show that the E symbol appears 

and precisely moves over the relevant components, such as the blue colored electrical 
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symbol that is right on top of the wire, the green symbol of mechanical energy is on top 
of the water turbine and so on. On the other hand, the explanatory text pop-up at the 
end of each energy conversion session displays concise information that can be viewed 
directly on a single screen without the need to do much Scrolling. The results of this 
analysis show that the media has applied the principle of Spatial contiguity. This plays a 
role in lowering Extraneous cognitive load Because the students' eyes do not need to go 
back and forth to match the information in the simulation that is happening with the 
information of the energy that occurs in the process. 
 
DISCUSSION 

The results of the study show that the energy conversion visualization media 
against the four principles of multimedia learning applying segmentation, signaling and 
spatial contiguity is the most dominant and consistently applied. The application of 
segmentation is one of the most consistent principles applied in energy flow 
visualization media. The presentation of a gradual energy conversion animation 
equipped with user control is in line with the principle of segmenting which emphasizes 
on breaking complex information into simpler parts to avoid cognitive load (Castro-
Alonso et al., 2021). This is also suitable for junior high school students who have  limited 
working memory capacity  , which allows students to process information optimally at 
each stage before moving on to the next stage (Mayer, 2024). Research by Becker et al. 
(2020) is in line with this, that segmentation is very effective for materials with high 
interctivity elements such as energy conversion because it reduces working memory 
load. 

The results of the signaling analysis showed the application of the use of the 
symbol E which is consistent with color coding to indicate the flow of the energy 
conversion process. These findings are in line with a study by Dervic et al. (2019) that 
the principle of signaling acts as a visual marker such as color and movement to direct 
students' attention. This is suitable for junior high school students who tend to have 
visual attention that is easily distracted, so this marker helps to be the focus of students 
in processing information. Previous research has shown that cueing through color and 
movement can reduce extraneous cognitive load because students don't have to 
manually search visuals to find relevant information (Xie et al., 2017).  

The results of the spatial contiguity analysis  showed that all animations displayed 
on the energy visualization media placed labels, symbols and explanatory text directly 
near the relevant components. These findings are very consistent with the application 
of the principle of spatial contiguity which aims to avoid split attention effects (Jaeger 
et al., 2017). When explanations and related images are spatially separate, students 
have difficulty understanding the material because they have to go back and forth to 
divide the focus to match the information with several different sources of information. 
Research by Castro-Alonso et al. (2021) shows that the application of spatial integration 
by using relevant text and images is efficient in improving student learning outcomes. 
With a layout like this, junior high school students will focus their attention on 
understanding the relationship in the energy conversion process without being 
distracted by attempts to search for visual explanations.  
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The combined application of the principles of segmenting, signaling and spatial 
contiguity together in the media of visualizing energy conversion support students’ 
information processing. The gradual presentation of information accompanied by the 
use of visual markers and integrated text placement helps students understand the 
relationship between the stages of the energy conversion process in a more targeted 
manner. This is in line with the research of Schneider et al. (2021) that the combination 
of these three principles helps reduce the burden on working memory because students' 
attention is directed to relevant visual elements at each stage of learning. Thus, the 
integration of the principles of segmenting, signaling and spatial contiguity is suitable to 
be applied to science materials that are processual in nature such as energy conversion. 

Although visual analysis media shows consistent application of all three principles 
of multimedia learning, the application  of the principle of coherence is the weakest. The 
results of the analysis showed that the media displayed decorative elements such as 
colorful backgrounds and book icons with incandescent lights had no relevance to the 
material. In fact, according to Jaeger et al. (2017) in their study on the principle  of 
coherence, all elements that are not relevant to learning objectives should be eliminated 
to reduce visual distractions in students. In line with that, Çeken and Taşkın (2022) in 
their research emphasized that irrelevant decorative elements can inhibit the mental 
formation of student models so that they have the potential to increase extraneous 
cognitive load, especially in junior high school students whose visual attention tends to 
be easily distracted.  

The findings regarding the weak application of the principle of coherence show 
that visual appeal in learning media is not always directly proportional to cognitive 
effectiveness. Research by Désiron & Schneider (2024) emphasizes that the use of 
decorative elements can not only improve aesthetics, but can also distract students from 
key information if used excessively. Especially in junior high school students who have 
visual attention that is easily distracted, elements that are not relevant to the material 
have the potential to increase extraneous cognitive load so that the concept 
understanding process becomes less optimal (Bali et al., 2026). Thus, in developing 
science learning media, it is very important to consider the effectiveness of information 
processing in addition to considering attractive visual appearances. 

Based on the findings of the analysis of energy conversion visualization media that 
has been carried out, it shows that the success of visualization in science learning is not 
only determined by the existence of animations and illustrations, but also depends on 
how the information is processed according to the design principles and cognitive 
characteristics of students. This is in line with Mayer's (2024) research which shows that 
structured and directed visual presentation can help students process information in 
learning. 

 
CONCLUSION 

This study of energy conversion visualization media has integrated the principles 
of segmenting, signaling and spatial contiguity well through the presentation of the 
energy conversion process in stages, the use of consistent visual markers, and the 
appropriate layout of texts, images and symbols to help students understand the energy 
conversion process shown by the media. However, coherencen principle is poorly 
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applied due to irrelevant bacground and decoartive elements. This shows that the 
success of visualization in science learning depends on how the information is processed 
according to the design principles and cognitive characteristics of students. The 
incompatibility of visual presentation with learning objectives has the potential to make 
students experience extraneous cognitive load that hinders students' processing of 
information on the material. 

Based on the results of the research, there are several things that need to be 
considered in the development of science learning media. First, a balance in visual 
appeal and the effectiveness of information processing through the application of 
multimedia learning principles. Second, the use of segmenting, signaling and spatial 
contiguity in procedural science materials needs to be maintained, while the use of 
irrelevant elements is minimized to reduce distractions. On the other hand, this study 
has limitations, namely it only focuses on the visual aspect of the media and does not 
directly measure the perception of cognitive load of  junior high school students. 
Therefore, researchers are then advised to analyze various types of science learning 
media such as video and audio and conduct direct tests on junior high school students 
to see and find out the effectiveness of media in managing cognitive load. 
 
REFERENCE 
Atiyat, A. M. A. (2018). The effect of multi-media instructional design based on Sweller's 

theory on reducing cognitive load and developing scientific concepts among deaf 
primary students. Journal of Educational and Psychological Studies, 12(4), 672-
685. https://doi.org/10.53543/jeps.vol12iss4pp672-685 

Bali, C., Tasdelen, B., Bandi, S., & Zsidó, A. (2026). Understanding the cognitive cost of 
multimedia learning: effects of visual load and language proficiency. Cognitive 
Research: Principles and Implications, 11(1), 2. https://doi.org/10.1186/s41235-
025-00699-2  

Becker, S., Klein, P., Gößling, A., & Kuhn, J. (2020). Investigating dynamic visualizations 
of multiple representations using mobile video analysis in physics lessons: effects 
on emotion, cognitive load and conceptual understanding. Zeitschrift für Didaktik 
der Naturwissenschaften, 26(1), 123-142. https://doi.org/10.1007/s40573-020-
00116-9 

Castro-Alonso, J. C., De Koning, B. B., Fiorella, L., & Paas, F. (2021). Five strategies for 
optimizing instructional materials: Instructor-and learner-managed cognitive 
load. Educational Psychology Review, 33(4), 1379-1407. 
https://doi.org/10.1007/s10648-021-09606-9  

Çeken, B., & Taşkın, N. (2022). Multimedia learning principles in different learning 
environments: A systematic review. Smart Learning Environments, 9(1), 19–22. 
https://doi.org/10.1186/s40561-022-00200-2  

Dervić, D., & Mešić, V. (2019). Cognitive load in multimedia learning: An example from 
teaching about lenses. Journal of Education in Science Environment and 
Health, 5(1), 102-118. https://doi.org/10.21891/jeseh.481698 

Désiron, J. C., & Schneider, S. (2024). Exploring the interplay of information relevance 
and colorfulness in multimedia learning. Frontiers in Psychology, 15, 1393113. 
https://doi.org/10.3389/fpsyg.2024.1393113  

https://doi.org/10.53543/jeps.vol12iss4pp672-685
https://doi.org/10.1186/s41235-025-00699-2
https://doi.org/10.1186/s41235-025-00699-2
https://doi.org/10.1007/s40573-020-00116-9
https://doi.org/10.1007/s40573-020-00116-9
https://doi.org/10.1007/s10648-021-09606-9
https://doi.org/10.1186/s40561-022-00200-2
https://doi.org/10.21891/jeseh.481698
https://doi.org/10.3389/fpsyg.2024.1393113


189 | Journal of Facilitating Learning and Improving Performance Volume 1, No 1, Maret 2026, 179-189 

Handayani, N. L. P. A. E., Bayu, G. W., & Agustiana, I. G. A. T. (2021). Media Video 
Pembelajaran pada Muatan IPA Topik Perubahan Energi. Jurnal Pedagogi Dan 
Pembelajaran, 4(3), 420-426. https://doi.org/10.23887/jp2.v4i3.39732 

Hochberg, K., Becker, S., Louis, M., Klein, P., & Kuhn, J. (2020). Using smartphones as 
experimental tools—a follow-up: cognitive effects by video analysis and reduction 
of cognitive load by multiple representations. Journal of Science Education and 
Technology, 29(2), 303-317. https://doi.org/10.1007/s10956-020-09816-w 

Jaeger, A. J., Shipley, T. F., & Reynolds, S. J. (2017). The roles of working memory and 
cognitive load in geoscience learning. Journal of Geoscience Education, 65(4), 506-
518. https://doi.org/10.5408/16-209.1 

Krippendorff, K. (2004). Reliability in content analysis: Some common misconceptions 
and recommendations. Human communication research, 30(3), 411-433. 
https://doi.org/10.1111/j.1468-2958.2004.tb00738.x 

Mayer, R. E. (2024). The past, present, and future of the cognitive theory of multimedia 
learning. Educational Psychology Review, 36(1), 8. 
https://doi.org/10.1007/s10648-023-09842-1  

Peeters, H., Habig, S., & Fechner, S. (2023). Does augmented reality help to understand 
chemical phenomena during hands-on experiments?–implications for cognitive 
load and learning. Multimodal Technologies and Interaction, 7(2), 9. 
https://doi.org/10.3390/mti7020009  

Schneider, S., Krieglstein, F., Beege, M., & Rey, G. D. (2021). How organization 
highlighting through signaling, spatial contiguity and segmenting can influence 
learning with concept maps. Computers and Education Open, 2, 100040. 
https://doi.org/10.1016/j.caeo.2021.100040  

Xie, H., Wang, F., Hao, Y., Chen, J., An, J., Wang, Y., & Liu, H. (2017). The more total 
cognitive load is reduced by cues, the better retention and transfer of multimedia 
learning: A meta-analysis and two meta-regression analyses. PloS one, 12(8), 
e0183884. https://doi.org/10.1371/journal.pone.0183884  

Yudhistira, R. H., Sari, D. A. P., & Widodo, W. (2022). Learning using interactive 
multimedia oriented to energy flow materials to improve students' science 
literacy. E-Journal Thought: Science Education, 10(3). 434-442.  
https://doi.org/10.26740/pensa.v10i3.45954

 

https://doi.org/10.23887/jp2.v4i3.39732
https://doi.org/10.1007/s10956-020-09816-w
https://doi.org/10.5408/16-209.1
https://doi.org/10.1111/j.1468-2958.2004.tb00738.x
https://doi.org/10.1007/s10648-023-09842-1
https://doi.org/10.3390/mti7020009
https://doi.org/10.1016/j.caeo.2021.100040
https://doi.org/10.1371/journal.pone.0183884
https://doi.org/10.26740/pensa.v10i3.45954

