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Abstract 

This paper examines the pedagogical possibilities of using illustrative material to activate students' practice-oriented activities 

when studying complex relationships in nature. Theoretical analysis has shown that visual illustrative means, including 

graphs, diagrams, infographics, and interactive models, significantly reduce cognitive load, increase the level of material 

assimilation, and contribute to a deeper understanding of the processes being studied. For the first time, in this work, a model 

of receptive illustrative aesthetics (RIE) is postulated. This represents an innovative approach to the use of illustrative 

material. Within the framework of this model, illustrations cease to be static objects of information transfer and become 

dynamic means of meaning formation, in which the student acts as an active constructor of knowledge. The main mechanisms 

of the RIE model include semantic construction, modification of illustrations, and practical interpretation. The theoretical 

results of the study confirm that the use of RIE in the educational process contributes to the development of critical thinking, 

analytical skills, and cognitive flexibility of students. Particular attention is given to the prospects for introducing the model 

into natural science education, as well as to the issues of creating interactive educational platforms and digital tools that 

support visual modeling of complex processes. This work is a theoretical study based on the analysis of modern pedagogical, 

cognitive, and multimedia literature. In the future, empirically testing the RIE model and developing methodological 

recommendations for its implementation in the educational process are proposed. 
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1. Introduction 

Cause-and-effect relationships are obligatory attributes of scientific research and practical applications of science in 

general. The cause, effect, and connection between them are, in fact, what all sciences address, including natural sciences. 

This is the dominant and key goal of science. Depending on how a student perceives the importance, content, and meaning 

of cause-and-effect relationships, he can become a full-fledged natural scientist, an excellent teacher, or a very professional 

and qualified applied specialist. Therefore, cause-and-effect relationships are the most important and dominant element of 

natural science education, especially in the applied and practical sense. 

This is why the dominant role in the universal educational course "Natural Science" is played by the actualization of 

cause-and-effect relationships. Understanding the correlations between cause and effect allows students to master complex 

concepts in natural phenomena more effectively and efficiently and apply them in real-world conditions. For example, in 

practical studies of biosystems or physical processes. 

However, classical and traditional teaching methods based solely on the verbal presentation of information are often 

insufficiently effective. They do not consider the peculiarities of the cognitive processing of information and the multichannel 

perception of students. 

In this context, we propose paying attention to the potential of illustrative content for visualizing cause‒and‒effect 

relationships with prospects for the utilitarian (practical) skills and competencies of students. 

The use of illustrations in the educational process is based on the theory of dual coding, according to which information 

processing occurs through two information channels verbal and visual. Research in the field of cognitive psychology directly 

shows that combining text and graphic information improves understanding, reduces cognitive load, and promotes better 

assimilation of complex concepts [1, 2]. 

In particular, in the context of science education, illustrations such as diagrams, graphs, infographics, and interactive 

models allow students to visualize cause-and-effect relationships and predict outcomes and model processes [3, 4]. 

It is a priori obvious that the use of illustrative material contributes to the development of practice-oriented activities, 

including [5, 6]: 

• And interactive modeling of processes (scientific simulations, animations); 

• Creation of conceptual maps that display the relationships between phenomena; 

• Working with infographics and graphical data analysis; 

• Development of spatial, critical, creative and heuristic thinking through the analysis of visual representations. 

Thus, in the context of developing research competencies, illustrative materials serve as certain mediators between 

purely theoretical knowledge and real scientific processes. Thus, students are encouraged to ask questions, test hypotheses 

and analyze experimental data. 

Classical models of the perception of illustrations often view students as passive consumers of visual information, which 

limits their cognitive activity. 

To overcome the passivity of the perception of illustrations, we consider and postulate the concept of receptive 

illustrative aesthetics (RIE), which is based on the development of ideas of active meaning-making, constructivism and 

cognitive flexibility. 

Receptive illustrative aesthetics assume that the learner (student), who interacts with illustrations, does not simply 

perceive them but rather gives them a “real existence”, filling the voids between the image object and its interpretation. This 

is not a passive perception of visual content but an active construction of meaning through practical interpretation and 

comprehension of cause-and-effect relationships that are depicted or implied in illustrative materials. 

Within the framework of our theoretical concept, we can emphasize several of its components: 

• An illustration is not a static object but becomes a space for the student’s semantic activity; 

• The student does not simply perceive but rather constructs the meaning of the illustration, giving it “real existence” 

through his own analysis, modification and interpretation; 

• Interaction with the illustration is carried out in three stages: primary perception, such as the identification of key 

elements; analysis and reconstruction, such as the identification of new connections and interpretations; and practical 

modeling, such as the use of visual information for independent conclusions, hypotheses and forecasts. 

Thus, within the framework of RIE, the learner is transformed into an active agent of cognition. This functional agency 

includes the use of visual means and illustrative content not only for memorizing information but also for independent 

research, searching for alternative interpretations, and building complex conceptual models. This approach is already much 

closer to perceiving the world in terms of causes and effects than simply the mnemonic and mechanical assimilation of 

natural science material. 

Thus, the use of illustrative material in teaching natural sciences has significant pedagogical potential, promoting the 

activation of practice-oriented activities among students. However, traditional approaches to the perception of illustrations 

limit the possibilities of their use, interpreting visual means as passive elements of learning. Within the framework of 

receptive illustrative aesthetics, illustrations are considered dynamic objects of semantic activity that gain a "real existence" 
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in the process of interaction with them. This approach creates conditions for deep analytical work and develops students' 

abilities to independently form meaning, critical thinking, and practical research on complex natural science phenomena. 

The concepts and theoretical approaches presented in this study provide a basis for further empirical study of the 

effectiveness of receptive illustrative aesthetics in pedagogy and the development of methodological recommendations for 

its practical implementation in the educational process. 

Thus, we can propose a working hypothesis that visual illustrative patterns play a dominant role in activating the applied 

rethinking of cause–effect relationships in learners and students in the natural sciences. In this sense, we postulate an effective 

local paradigm of modern education: aesthetic illustrations act as a trigger for activating the understanding of cause–effect 

relationships in the natural sciences in utilitarian (practical) aspects. 

 

2. Literature Review 
Cognitive load theory Sweller [7] argues that visualization reduces the load on working memory, increasing the 

efficiency of information processing. According to this theory, illustrations allow for the redistribution of cognitive resources, 

which is especially important when complex relationships are studied in the natural sciences. 

Paivio [8] research has shown that the simultaneous use of verbal and visual channels of information enhances 

memorization and learning. In the context of science education, illustrations allow students to understand the dynamics of 

processes and establish logical connections. 

Mayer [9] proposed a model of multimedia learning, according to which the integration of illustrations and textual 

content creates an optimal learning environment. Educational research has shown that well-structured illustrations promote 

a deeper understanding of the material than text alone. 

Nadolski et al. [10] developed a conceptual model of multiple representations learning (DeFT) in her work, which shows 

that graphs, charts, and animations enable learners to better grasp complex concepts. 

Schnotz and Bannert [11] reported that combining multiple types of visual representations reduced cognitive load and 

promoted knowledge integration. 

Bruner [12] emphasized the importance of actively involving learners in the educational process through research 

methods. In this context, the use of illustrations and visual models allows learners to independently identify patterns and 

construct hypotheses. 

The concept of receptive illustrative aesthetics (RIA) that we propose is based on the principles of constructivism [13] 

and cultural-historical learning theory [14]. According to these approaches, students do not simply receive information but 

actively construct knowledge via illustrative material. 

The concept of cognitive flexibility [15] confirms that dynamic and adaptive visual elements allow learners to explore 

alternative ways of understanding the material being studied. 

 

3. Materials and Methods 
This study is devoted to the analysis of pedagogical possibilities of using illustrative material to activate the practice-

oriented activities of students when studying cause-and-effect relationships in the course "Natural Science." Particular 

attention is given to the development and postulation of a model of receptive illustrative aesthetics (RIE). This is an 

innovative approach to visual learning based on the idea of active meaning-making. Within this framework, the student 

becomes a designer of objective knowledge and a creator of subjective competencies through interaction with illustrative 

material. 

The research methodology is based on the analysis of literary data and theoretical analysis, conceptual modeling, a 

systems approach and interdisciplinary methodological principles that combine the achievements of pedagogy, cognitive 

psychology, the theory of visual perception and multimedia learning. 

The methodological tools used in this research are based on the interpretation and development of several key principles: 

• The principle of constructivism, when knowledge is formed by the student in the process of his active interaction with 

the educational material; 

• The principle of cognitive optimization, when visual illustrative means and content reduce the cognitive load and 

increase the efficiency of information assimilation; 

• The principle of dual coding, when the integration of text and visual information activates both channels of perception, 

which improves memorization and comprehension of the material. 

• The principle of active meaning-making, when the student does not simply perceive the illustration but creates its 

meaning through analysis, interpretation and modification. 

• The principle of interdisciplinarity the research includes the analysis of data from pedagogy, cognitive psychology, 

multimedia learning and the theory of visual perception. 

As a basic methodological aspect, we postulated the following null (working) hypothesis: the working hypothesis that 

visual illustrative patterns play a dominant role in activating the applied rethinking of cause-and-effect relationships in 

learners and students in the natural sciences. In this sense, we postulate an effective local paradigm of modern education: 

aesthetic illustrations act as a trigger for activating the understanding of cause-and-effect relationships in the natural sciences 

in utilitarian (practical) aspects. 

To verify the null hypothesis, we postulated and analyzed a model of receptive illustrative aesthetics. 
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The idea behind the postulated model is that visual objects evoke an emotional response and facilitate deep 

comprehension of information. According to this concept, aesthetic perception influences cognitive processes, enhancing 

memorization and interest in the subject, and illustrations acquire semantic depth only in the process of their active analysis. 

Within the framework of the comparative analysis, existing models of visual learning were studied, and their limitations 

were identified, which made it possible to substantiate the need to develop a new concept of RIE. 

 

4. Results 
Visual images are an integral part of educational processing, but their role is underestimated. In classical and traditional 

models of learning, illustrations are considered auxiliary tools that enhance verbal information. However, we argue that an 

illustration does not simply accompany a text but becomes an independent space for meaning formation, activating the 

cognitive and practical activity of the learner. 

A comparative analysis of educational strategies and cognitive mechanisms confirms that illustrative content plays a 

decisive role in the formation of cause–effect relationships in students. In natural sciences such as physics, biology, 

chemistry, and ecology, complex processes and phenomena are difficult to explain via verbal methods alone. In this context, 

illustrations provide clarity, reduce cognitive load, and activate the integration of visual and textual processing channels. 

The main pedagogical effects of using illustrative material in the classical version are interpreted through a number of 

criteria and attributes. Specifically, it facilitates the understanding of complex processes by presenting information in a 

graphical form. Through the stimulation of active thinking and meaning-making, the student establishes connections between 

objects and not just memorizes individual facts. Through the development of research skills, visual models, graphs and 

interactive illustrations can be created. 

However, classical and traditional approaches to the use of illustrations remain linear and static, treating visual material 

as a supplement to the text. This paper proposes a model of receptive illustrative aesthetics (RIE), which allows us to rethink 

the role of illustrations in the educational process and turn them into active objects of meaning-making. 

The model of receptive illustrative aesthetics (RIE) is a conceptual system in which illustration becomes an interactive 

environment for active comprehension and construction of knowledge. The main postulate of the model is that an illustration 

is not a passive object but receives a “real existence” only in the process of active interaction with it by the learner. The 

learner, as an active interpreter, constructs the meaning of the illustration, forming cause-and-effect relationships through 

practical interpretation. 

The RIE is built on three key elements: 

1. Illustration as a field of semantic activity. 

In traditional teaching, illustrations serve as an auxiliary means to reinforce the text. In the context of RIE, an illustration 

is a dynamic semantic space in which the student independently forms connections between elements: 

The visual object is interpreted not as a static image but as a knowledge constructor that changes depending on the 

context, previous experience and learning objectives. 

2. Active agent - learning 

In the RIE model, the learner is not a passive consumer of knowledge but becomes a constructor of meaning, 

independently identifying patterns and establishing connections between elements of visual information. 

This process goes beyond traditional knowledge transfer, turning learning into interactive exploration. 

3. Process of practical interpretation. 

The interpretation of illustrations occurs not through direct perception but through analytical comprehension, 

restructuring, and integration with other knowledge. 

Practical interpretation involves the student changing the illustration, adding new elements and actively modeling the 

processes. 

In RIE, we identify the following key mechanisms of the model: 

1. The mechanism of semantic construction 

At this stage, the student analyzes the illustration, identifying key elements and their relationships. The semantic 

structure of the image is deconstructed and rebuilt. 

Example: analysis of the illustration “The water cycle in nature” - the student does not just study the diagram but models 

scenarios of changes (for example, the impact of global warming). 

2. Mechanism of modification and reconstruction 

The learner actively intervenes in the visual content, correcting, changing and refining it. This process may include 

creating new diagrams on the basis of basic illustrations, developing visual material, adding new elements and expanding 

the system of relationships. 

Interactive interaction with the illustration (for example, using AR/VR technologies). 

3. Mechanism of practical modeling 

In this phase, the student tests hypotheses and analyzes cause‒and‒effect relationships. This is done via virtual 

laboratories where parameters can be changed and the consequences observed and via graphical simulations that allow 

experimentation with variables (for example, modeling the movement of tectonic plates). 

Therefore, let us summarize the results. 

In the proposed theory and model of receptive illustrative aesthetics (RIE), illustrations are considered not as passive 

carriers of knowledge but as dynamic objects that receive “real existence” only in the process of active interaction with them. 
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Here, the student becomes not just a consumer (recipient) of educational content but also an interpreter and constructor 

of knowledge, identifying cause‒and‒effect relationships through analysis, modification and expansion of visual materials 

on the basis of their own mental constructs. 

The RIE model is based on active reception, where the meaning is not “installed” by the author of the illustration but is 

constructed by the student depending on his knowledge, experience, context and research goals. This allows us to overcome 

the linear perception of information and create a multilayered educational environment in which illustrations become not 

static images but active mediators of meanings. 

Thus, the key result of the study is the creation and postulation of a model of the RIE, which includes the following 

stages: 

1. Primary reception: The learner perceives the illustration as a potential semantic object that does not have a fixed 

meaning. 

2. Analysis and Reconstruction: The student analyzes the visual elements, identifies key relationships, and begins to 

“bring life” to the illustration by adding their own interpretations. 

3. Practical interpretation: Through active interaction with the illustration (modification, creation of own diagrams, 

experimentation with parameters), the student constructs a new meaning that reflects his personal experience and knowledge. 

4. Integration: The acquired knowledge is integrated with textual and theoretical materials, which allows for the 

formation of a holistic understanding of cause‒effect relationships. 

That is, the model is based on the synthesis of constructivist principles, dual coding theory, and multimedia learning and 

is an innovative approach to visual learning. The RIE model promotes the transition from the passive perception of 

illustrations to their active use as tools for meaning-making and practical research. 

In classical pedagogy, an illustration is considered a fixed object that carries an unambiguous interpretation. However, 

in RIE, it acquires meaning only in the act of reception. An illustration is a potential semantic object that exists in a “latent” 

state until its comprehension and interpretation by the student [16]. 

In our work, we distinguish the following forms of illustrative content: 

 
Table 1. 

Types of illustrative content and their role in the educational process. 

Type of illustrative content Functions in educational processing Examples of use 

Graphs and charts 
Identifying dependencies between 

variables 

O₂ concentration and global 

temperature 

Process flow charts 
Demonstration of the dynamics of 

phenomena 
Water cycle diagram in nature 

Infographics 
Comprehensive presentation of 

information in a concise form 
Infographics "Ecosystem Structure" 

3D models and animation 
Visualization of complex spatial 

interactions 

Animation of the movement of 

lithospheric plates 

Virtual laboratories 
Conducting experiments without physical 

contact 

Modeling chemical reactions in a 

digital environment 

 

To perceive an illustration as an unchanging information carrier, the learner models its meaning based on his own 

cognitive experience and practical interaction. This is the process of "interactive semantic construction," during which a 

static image becomes a field of cognitive activity. 

Traditional causality schemes assume rigid predetermined Ness. That is, fact A leads to fact B. In RIE, cause‒and‒effect 

relationships are perceived as multivariant and can be reconstructed by the student depending on the depth of the analysis, 

the posing of new questions and the change in context. 

Thus, the visually illustrated object in the RIE model does not close in on itself but stimulates the student to actively 

interact. This interaction is interpreted through three active attributes: 

• And analysis, within the boundaries of which the student examines the structure of the image, identifies key elements 

and connections, 

• Modification, when, on the basis of the analysis, the student supplements the illustration, creating new connections 

and clarifying the meaning, 

• Expansion, when illustrative content is included in a broader context, forming a multilayered interpretation on the part 

of the learner. 

Thus, the RIE model is built on the interaction of three dominant elements: 

• And illustration as a carrier of potential knowledge, which does not have a fixed meaning until the moment of 

interaction, 

• With the student as an active agent who interprets, modifies and constructs the meaning of a visual object, 

• Context as external and internal factors influencing perception (previous experience, level of knowledge, research 

goals, emotional state), 

• Accordingly, we believe that the process of reception within the framework of the RIE should go through three key 

stages: 

• Primary perception, when the learner encounters a visual object and perceives it as a static image, 
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• And analysis and interpretation, when the student begins to comprehend the illustration, identify elements, highlight 

connections and ask questions. 

• To construct and implement meaning. When a student modifies an illustration, it expands its meaning, adds details 

and builds a new conceptual model. 

Thus, we conclude that RIE allows us to reconsider the role of illustrations in science-oriented education, turning them 

into tools for active research. In particular, instead of fixed RIE schemes, we propose interactive modeling, where the student 

himself or herself constructs connections: 

• In a virtual laboratory, changing parameters leads to different consequences, allowing the student to experiment with 

causality. 

• And analysis of infographics: the student receives fragments of information and builds a logical chain himself, 

• Expanding the boundaries of visual experience through multimodal technologies 

We believe that RIE works particularly effectively in combination with interactive and immersive environments (VR, 

AR, simulations), in which the learner: 

• Can change image parameters and observe the transformation of data, 

• To construct variable scenarios, explore the multivariance of cause‒and‒effect relationships, 

• Create your own visual interpretations, transferring knowledge into practical applications. 

To achieve the maximum effect from using illustrations in interactive and immersive environments in science education, 

we suggest the need to consider the following methodological principles of their integration: 

 
Table 2. 

Learning methods using visual data 

Method Description Example of application 

Problem-based learning method 
Creating learning situations that 

require visual data analysis 

Identifying factors influencing 

biodiversity using an ecosystem map 

Research method 
Hypothesis formulation, experimental 

testing and modeling 

Using 3D models to study seismic 

wave propagation 

Visual argumentation method Image analysis and logical inference 
Interpreting climate change using 

satellite images 

Project method 
Creation of students' own illustrative 

materials 

Developing infographics about the 

carbon cycle 

 

Thus, the theory of RIE that we postulate offers a radical revolutionary rethinking of the role of illustration in education. 

Within the framework of which the use of visual illustrative content in an aesthetic form acquires the following new 

definitions: 

• And illustrations receive “real existence” only at the moment of active interpretation by the student, 

• The learner becomes a constructor of knowledge and not a passive consumer of visual illustrative content, 

• Cause‒and‒effect relationships are considered dynamic structures, not rigid patterns, 

• Learning becomes a process of practical interaction with visual objects, allowing for a deeper understanding and 

development of research competencies. 

Thus, RIE creates a new educational environment in which knowledge is born in an interactive and creative dialogue 

between the learner and the image. This opens up broad prospects for the use of interactive technologies, multimedia 

resources, and cognitive strategies, making learning more meaningful, exciting, and effective. 

 

5. Discussion 
The entire education system is built not only on semantics but also on visual images. In this scheme, the subjects of 

education are teachers and students, the objects of education are knowledge and meaning, and visual images and illustrations 

program the knowledge being transmitted for effective perception and further internal analysis. 

This is why the use of illustrative material in teaching the natural sciences plays a dominant role in forming students’ 

holistic and syncretic understanding of complex natural cause-and-effect processes and phenomena. It is obvious that visual 

images such as diagrams, charts, infographics, and multimedia animations not only facilitate the perception of information 

but also contribute to the activation of cognitive processes, the development of research skills, and critical thinking. This is 

especially relevant in natural science education, where the study of complex systems requires the presentation of 

multidimensional relationships, for example, in ecology, physics, or biology. 

However, traditional and classical methods and techniques of using illustrative material usually assume passive 

perception, where images serve only as reinforcements and ordinary visualizations of text content. This approach clearly 

limits the active cognitive activity of students, leaving them with the roles of consumers (recipients) of information and not 

its analyzers, interpreters, or even creators. In this context, a fundamentally new approach is the concept of receptive 

illustrative aesthetics (RIE), which illustrates a dynamic role as an object of meaning-making. 

Receptive illustrative aesthetics as a pedagogical strategy is based on the idea that an illustration does not contain a fixed 

meaning but receives “real existence” only in the process of active interaction of the learner with it [17]. Thus, the meaning, 

patterns and content of the illustration are constructed and not passively perceived. 

Thus, the key principles of RIE include the following attributes: 
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• An illustration is a field of semantic activity in which the learner actively reconstructs visual information, analyzes its 

structure and adapts it to his understanding. 

• When the student is an active interpreter, instead of memorizing information, the student becomes a participant in the 

learning process, interacting with illustrations and changing and interpreting them. 

• A process of interactive interpretation, where the meaning of illustrations is formed through interaction with context, 

experiments, empirical observations and previous knowledge. 

Receptive illustrative aesthetics combines aesthetic principles and constructivist ideas, transforming the process of 

perception into active meaning-making. The student not only perceives the image but also asks questions, analyzes its 

components, connects them with existing knowledge and, thus, reconstructs cause-and-effect relationships. This allows the 

student to develop critical thinking and the ability to independently research, which is important for practice-oriented learning 

in the natural sciences. 

That is, RIE allows going beyond the boundaries of the traditional and classical paradigm of visual learning, within 

which the student simply "sees" the image but does not actively analyze it. Illustrations in the learning process should activate 

not only the eye and mnemonic apparatus of the student but also the analytical apparatus of understanding and interpreting 

the mechanically assimilated and creatively processed content. Moreover, this is necessary for the development of the 

utilitarian (practical) skills of students. 

In natural science education, the dominant problem and task is to understand the relationships between natural 

phenomena. Cause‒and‒effect relationships are the foundation of natural science, and they form the basis for understanding 

natural processes. For example, these include the hydrological cycle, climate change, photosynthesis, and the movement of 

tectonic plates. 

In the context of the natural science course, illustrations allow us not only to see how cause‒effect relationships work 

but also to actively participate in their analysis and reconstruction. This is especially important, since understanding these 

relationships requires students not only to know the facts but also to be able to see the logic of processes and events. Visual 

aids, such as interactive models, graphs, and animations, create an opportunity for students to experiment with parameters 

and observe how changes in one factor affect others. These findings can be used to activate research activities and help to 

deepen the understanding of natural phenomena. 

Thus, once again, we note that illustrations in the learning process become not only an explanatory tool but also a 

mechanism for actively involving students in the process of constructing knowledge. In this context, it is important to note 

that the interactivity of illustrations (for example, the ability to manipulate model parameters or observe the effects of 

changing factors) is a powerful tool for activating practice-oriented learning, allowing students to implement hypotheses, test 

them in practice, and model various scenarios. 

The RIE model assumes that illustrations become a tool for active meaning-making, where the learner not only perceives 

but also actively constructs the meaning of the image. This process includes not only passive perception of data but also 

modification of the illustration, as well as reorganization of its elements in accordance with one’s own understanding of the 

material being studied. The RIE model takes illustrations beyond static objects and turns them into dynamic tools for 

cognition, which significantly increases their potential for active learning and development, returning to what has already 

been said, critical thinking. 

Theoretically, RIE allows the synthesis of two important aspects of visual perception: the aesthetic value of an illustration 

and its pedagogical significance. According to the views of aestheticians, visual objects have the ability to evoke not only 

emotional responses but also immerse one in the process of deep interpretation, stimulating cognitive activity. In a 

pedagogical context, this means that the aesthetic characteristics of an illustration, such as composition, color palette, and 

harmony of forms, can increase the learner's interest, making the process of acquiring knowledge more engaging and 

emotionally rich. 

Thus, RIE activates not only cognitive but also emotional aspects of perception, which contributes to a deeper and more 

multilayered understanding of the material being studied. 

To summarize, in this context, the use of RIE allows the following: 

• Transform illustrations from static objects into dynamic means of understanding, 

• To develop and activate the actual and potential ability of students to analyze relationships by changing the parameters 

of illustrations (for example, adding new relationships between elements of the diagram), 

• To make the process of studying cause‒and‒effect relationships personalized, as each interpretation of the illustration 

becomes unique. 

For example, the typical water cycle in nature is a fixed sequence of processes (evaporation → condensation → 

precipitation infiltration). In the context of RIE, the student models the following scenarios: what happens when the 

temperature changes, how does a change in vegetation affect evaporation, and what will be the effect when the atmospheric 

pressure changes? 

There is no doubt that such a "closed" approach effectively promotes the development of analytical and research skills, 

allowing students to not only remember but also understand and predict. That is, to develop not only critical but also heuristic 

thinking. 

Modern digital technologies, including virtual reality (VR) and augmented reality (AR), make it possible to introduce 

the concept of RIE into the educational process, making illustrations dynamic and interactive. 

Illustrative examples of the integration of RIE into the educational process include the following: 
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• And interactive simulations, where learners can influence variables in the system (for example, changing 

the temperature in a climate change model). 
• Augmented reality (AR), which allows animated layers to be superimposed on static images, turning them into 

interactive models; 

• Digital concept maps when students create individual structures of relationships between elements of the processes 

being studied. 

The use of such technologies significantly expands pedagogical possibilities, allowing students to experiment with visual 

data and actively interact with it. 

On the basis of the above, we can theoretically and logically conclude that the use of RIE clearly contributes to the 

development of key educational competencies of the 21st century, such as the following: 

• Critical thinking, when students not only absorb information but also analyze it, draw conclusions and compare 

different scenarios; 

• And research competencies, within the framework of which the RIE model assumes that students can independently 

change the parameters of illustrations, creating their own hypotheses and testing them, 

• Systemic thinking, when learning based on RIE allows students to see a holistic picture of the relationships in nature, 

which contributes to the development of multidimensional analysis skills; 

• Heuristic thinking, when students gain the ability and skills to predict events and processes on the basis of the analysis 

of causes, effects and their correlation consequences. 

Thus, illustrative material within the framework of the RIE ceases to be an informational object and becomes a means 

of cognition in which students play an active role. 

Thus, the process of integrating receptive illustrative aesthetics into natural science education can be implemented 

through modeling natural processes, using interactive simulators, and creating conceptual maps that students can adapt 

further, creating their own picture of the connections between elements of the scientific discipline. This creates conditions 

for more flexible acquisition of the material, since each student can interpret the illustration in their own way on the basis of 

their personal knowledge and experience. 

At the same time, interactive technologies (e.g., virtual reality, augmented reality, computer simulations) are becoming 

key elements in the implementation of RIE. The use of these technologies not only enhances the visualization of cause‒and‒

effect relationships but also gives students the opportunity to interact with processes in real time, varying parameters and 

simulating changes. Students can not only analyze data but also intervene in the system, observing how their actions affect 

the development of processes. This contributes to the development of practical skills in the context of natural science 

education and allows students to construct cause-and-effect relationships on the basis of direct interaction with the material. 

In general, the proposed concept of receptive illustrative aesthetics represents an innovative approach to the use of 

illustrative material in pedagogy, allowing students not only to study illustrations but also to construct their meaning, 

revealing new cause‒and‒effect relationships. 

The use of RIE in natural science education opens new prospects for a deep understanding of the interrelations of natural 

phenomena and promotes the development of analytical thinking and research competencies. 

 

6. Conclusion 
Thus, the aim of our study was a theoretical analysis and conceptual interpretation of the pedagogical possibilities of 

using illustrative material to activate students' practice-oriented activities when studying cause-and-effect relationships in 

the course "Natural Science." We confirm that illustrative materials, including diagrams, graphs, charts, infographics, and 

multimedia animations, play an effective and efficient role in forming a holistic understanding of the causes and effects of 

natural processes and contribute to a deep understanding of the relationships between phenomena. 

We can reliably state that visual tools reduce the cognitive load and activate dual coding processes. This allows students 

to more effectively assimilate complex concepts and ideas related to cause-and-effect relationships. Illustrative material 

definitely contributes to the progressive development and activation of research skills. Especially in applied aspects. Students 

can analyze, compare and model the studied real processes and make predictions about possible changes in systemic 

interactions in nature. These definitions are often utilitarian (practical) in nature. 

However, traditional approaches to the use of illustrations are often limited to their passive or inert perception. Naturally, 

this circumstance somewhat limits the potential of visual thinking for meaningful learning. Therefore, it is necessary to look 

for new theoretical approaches, schemes and models to intensify progress and activate the intellectual perceptions of 

pedagogical material. This is especially the case in complex areas, such as the cause‒and‒effect relationships of phenomena 

in the natural sciences. 

Accordingly, we postulated and introduced a new model of local learning receptive illustrative aesthetics. In the context 

of this model paradigm, the learner becomes not just a contemplator and recipient of practical knowledge about cause–effect 

relationships. However, they are an active agent of educational processing. Through modification, analysis, and practical 

interpretation of visual content, one can independently identify and build cause–effect relationships. That is, we integrated 

agency into the learning process as an important aspect of interaction and relationships. Thus, the learner becomes an active 

agent of cognition, giving illustrations of “real existence” through the modification and analysis of visual data, which in turn 

contributes to a deeper understanding of the material. 

We view illustrative material not as a static image or pattern but as a dynamic tool that should activate the process of 

internal meaning formation in the learner. That is, our task is not just to transfer knowledge. However, it also initiates the 
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process of the formation of response meanings to initiate the processes of analysis and synthesis in the learner. That is, we 

are interested not only in the assimilation of knowledge but also in the reaction to new knowledge when the learner adapts 

visual information to his own level of understanding and knowledge. 

All this can be effectively accomplished through interactive dialog, in which the learner constructs new ideas and 

understandings in contact with visual illustrative images, patterns and elements. 

Illustrative material at a sufficiently high level of aesthetics enhances the role of the original educational content in 

cause‒and‒effect relationships. In addition, the development of critical thinking and research motivation of the student is 

initiated. This approach harmoniously combines aesthetic principles associated with the perception of visual images with the 

pedagogical function of illustrations as a means of active learning and knowledge construction. 

In addition, this approach encourages individualization of the educational process, as each student can interpret the 

illustrations in the context of their personal experience and level of preparation. This creates conditions for more personalized 

learning, in which attention is given not only to the actual content but also to meta-subject competencies, such as the ability 

to analyze, interpret and apply knowledge. 

Thus, our model of receptive illustrative aesthetics expands educational horizons and transforms traditional approaches 

to teaching the natural sciences. This approach is based on the dominant use of illustration as an interactive mechanism for 

exploring cause‒effect relationships. 

Each student perceives the illustrations in their own way, in accordance with their ideas and type of thinking. This 

emphasizes the adaptive nature of the illustrations from the point of view of individual perception. Changing the parameters 

and dynamics of the illustrations allows students to model cause-and-effect processes and relationships in nature or in a 

certain system during interactivity. This additionally activates constructive and creative thinking in students, allowing them 

to more confidently create new ideas, meanings, and hypotheses about cause-and-effect relationships. 

The proposed model of receptive illustrative aesthetics requires further development through the creation of special 

interactive educational platforms with high-quality, informative and aesthetic illustrative content. It is also important to 

develop a full-fledged methodological base for various training options in the context of the "Natural Science" course in the 

systems and structures of secondary and higher education. Moreover, further experimental and theoretical studies of the 

influence of illustrative material on the effectiveness and quality of education in the notation of receptive illustrative 

aesthetics are needed. 

Thus, the results of the theoretical study show that illustrative material, especially of an aesthetic nature, is an effective 

and efficient tool for activating and developing students' practice-oriented activities. The proposed model of receptive 

illustrative aesthetics (RIE) opens new real and potential opportunities and prospects for using visual means in the educational 

process. 

Overall, RIE is an innovative pedagogical tool that facilitates deep, meaningful interaction between students and 

illustrations, which ultimately leads to increased effectiveness in natural science education and the development of research 

competencies in students. The prospects for the development of the RIE model lie in the practical implementation of this 

concept in real educational programs, which will require the development of methodological recommendations for the use 

of various types of illustrative material in the learning process. In particular, creating digital platforms for interactive 

modeling, as well as educational tools for creating illustrations that students can adapt and modify depending on the context, 

is necessary. It is also important to continue empirical research to assess the impact of RIE on learning outcomes and the 

development of key competencies, such as critical thinking and scientific research skills. 

Thus, the use of illustrative material in the context of receptive illustrative aesthetics opens new horizons in pedagogical 

practice, transforming students from passive recipients of information into active agents in the process of creating knowledge, 

which is important for modern education and the formation of 21st century competencies. 
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