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MODERN TECHNIQUES OF DIGITAL VISUAL
DIDACTIC CONTENT OF MATHEMATICAL,
INFORMATIC AND NATURAL EDUCA TIONAL
BRANCHES IN ELEMENTARY SCHOOL

The article clarifies the concept and features of the visual thinking
development of primary school students. The effectiveness of visualization of
didactic content in the primary school educational space is theoretically
substantiated. Modern techniques of digital visualization of educational
material in mathematics, computer science, and natural sciences are
characterized. They are the following: scribing, infographics, intelligence cards,
comics, crosswords, memes, book trailers, word clouds, etc. The basic principles
of creation and presentation of didactic content in the format of digital
visualization are singled out, in particular, principles of system quantization and
cognitive visualization.
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Introduction. There is a tendency among primary school
students to form ‘clip thinking’, which is characterized by simplified
processing of visual information, the predominance of images or
multimedia text objects. The creation of an educational and
methodological complex should saturate the illustrative blocks of
additional cognitive and productive information aimed at generating
new knowledge, stimulating analysis, establishing cause-and-effect
relationships, seeing trends, and forecasting the development of the
educational situation. Visualization of educational material is a fast
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and accurate way to convey verbal information through visual images.
They are more understandable and ergonomic compared to text and
numerical data. The advantage of visual aids is the ability to
compactly present a large array of the same or different types of
information, structure, and summarize it, which allows you to present
educational material in a concise form.

The information content of modern didactic content requires
special preparation of educational material before its presentation in
the educational space. The teacher must have modern techniques for
creating digital didactic content that will contribute to the effective
teaching of mathematics, computer science, and natural science.

Analysis of recent research and publications. In psychological
and pedagogical sources, much attention is paid to highlighting the
importance of the usage of visualization in the educational process,
the study of issues of application, and the creation of visual teaching
aids. Psychologists (C. Jung, 1966; R. Mayer, 2001) emphasize that
the effectiveness of such tools is due to the psycho-physiological
features of the processes of perception and assimilation of
information, their ability to provide logical and semantic support for
the implementation of basic operations of mental and educational-
cognitive activities.

In research by V.Bykov et al. (2017), L.Bilousova &
N. Zhitenyova (2019), N. Gibalova & L. Protsai (2018), practical
issues and technological aspects of training teachers to create visual
teaching aids are considered. Many publications that contain practical
recommendations for developers of visual aids for pedagogical purposes,
focused on a certain type of such tools, such as presentations (I'ibanoBa
& Ilpomnait, 2021; daiina, 2019), mental maps (Illaxina & MenBenes,
2015), infographics (Jlorsinenko, 2018, Mop3e & byiinuika, 2017),
scribing (Moprynosa, 2019, binoycosa & KutrennoBa, 2018) etc. or
to use a specific visualization tool (easel.ly, infogr.am, pictochart.com).
At the same time, the urgent need to prepare teachers for the
independent creation of digital didactic visual aids actualizes the
development of technology for their design. It is effective for different
types of such tools and various tools that can be used for their digital
implementation.
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The purpose of the article. To characterize modern techniques
of digital visualization of didactic content and the principles of their
creation and presentation in the educational space of the primary
school, to highlight the effectiveness of their use in teaching
mathematics, science, and computer science education.

Presenting main material. In today’s world, there is a trend of
visualization, and interest in ways of processing and presenting the
information. Well-known American futurist John Naisbitt has devoted
his new book ‘Megatrends’ to the analysis of the present and forecasts
of the upcoming development of education, noting that visual culture
captures the world. After all, everyone knows that the human brain is
arranged so that most of the processed external information is visual.
In other words, we perceive the world around us with more than 90%
of our eyes, and the other senses play only a supporting role.

Common in pedagogy is the term ‘visual thinking’, which is
defined as a human activity, the product of which is the creation of
new images, the creation of new visual forms that carry a certain
semantic load and make meaning visible. Interest in the formation of
visual thinking is growing due to the rapid development of various
forms of information presentation and their combination. The main
function of visual thinking, according to R. Arnheim, there is the
function of ordering the meaning of images. No information about the
subject can be passed on to the observer until the subject is presented
in a structurally understandable form. It is the manipulation of the
elements of the visible world that creates a new image and is the essence
of visual thinking. It performs specific cognitive functions, dialectically
complementing the conceptual study of the object, has a synthetic
character: it arises on the basis of verbal thinking, but due to the
connection with the transformed sensory material loses its verbal
character.

Theoretical analysis of existing psychological and pedagogical
approaches to defining the concept of visual thinking allowed us to
identify the main components of its components, presented in
Figure 1.
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Fig.1. Components of visual thinking.

The specificity of the thinking of younger students is the age of
perception and little visual experience. Providing generalized and
dynamic ideas about the world around us, children’s visual thinking is
a process of modeling objects and phenomena of the surrounding
reality, search and cognitive activity. The formation of students’
visual thinking in learning has a number of advantages (Figure 2):

benefits of visual thinking

simplification of
complex concepts

increasing the level of
acquired knowledge

increasing the level of
acquired knowledge

visualization helps to display the most complex
information in a picture that can be grasped at a
glance instead of listening to the text

Various pictures, diagrams and graphs allow you to
clearly present hierarchical relationships, causation and
dynamics of phenomena, to identify their similarities or

differences.

Visual perception occurs on three levels: sensation,
perception and imagination.

Fig. 2. Advantages of visual thinking
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Researching the problem of information visualization in
integration with the problem of digitalization of education can not do
without the term ‘content’. Content means information content (text or
visual), site content, books, etc. It can be text, video, audio, infographics,
photos (or some other images). In the pedagogical literature, the term
‘didactic content’ occurs in the sense of an electronic educational tool.
In our study, didactic content will be understood as information of any
form, the content of which is educational in nature. The concept of
digital visualization is interpreted by us as a didactic product (tool)
created by using digital applications and saved in digital format or
other formats. Digital didactic content can be stored locally or
remotely via computer networks.

The technology of digital visualization of didactic content
significantly expands the scope of their application in the educational
process: facilitates the perception of educational information by students,
presenting it taking into account their cognitive characteristics; promotes
the formation of correct ideas of students about the object of study,
eliminating the need to further correct the initial misconceptions;
gives students the opportunity to focus on the main semantic elements
of the educational material, highlighting them in the visual image and
at the same time filtering out secondary and unnecessary details;
allows to intensify the educational process by using the economic
volume and time of presentation of educational material in figurative
form; activates different types of thinking and memory of students;
promotes better integration of new knowledge into the system of
previously acquired, as well as their assimilation and memorization by
students; develops students’ cognitive interest; gives the opportunity
to create a positive emotional background in the lesson; facilitates the
implementation of interdisciplinary links in learning.

The methodological foundation of the technology of digital
visualization of didactic content is the principles of information
visualization, the principles of system quantization, and cognitive
visualization.

1. The principle of system quantization: large amounts of
educational material are difficult to remember; educational material
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presented compactly in a certain system is better remembered;
effective memorization involves the selection of semantic reference
units in the educational material.

2. The principle of cognitive visualization: the assimilation of
educational material will be effective if the clarity in learning
performs not only illustrative but also cognitive function, i.e. the
principle of cognitive visualization involves the use of cognitive
graphic didactic elements.

The functions of digital visualization of didactic content for the
intensification of the educational process include:

1) compact presentation of educational material, which allows
increasing the information content of the educational process;

2) concentrated presentation of educational material in a
comprehensible form while preserving its semantic completeness;

3) ensuring the adequacy of the presentation of educational
material to the psychophysiological characteristics of the student;
‘Making knowledge visible’, visualization helps to reduce the cost of
time and energy of the student to perceive and understand a large
amount of educational material;

4) maintaining a high pace of learning by reducing its inefficient
or low-effective phases;

5) promoting the rational organization of educational and cognitive
activities of students in the classroom through its algorithmization.

Types of digital visualization of didactic content: interactive —
allows the user to analyze content while direct interaction with him;
dynamic — time-line, which illustrates the dynamics of a particular event
in time and space; static — the finished product is saved as an image
file, after which it can be easily distributed online or printed on paper;

The use of techniques for visualization of didactic content is
effective in terms of systematic use in the educational space of visual
models of one species or a combination of species. We have singled
out the following popular techniques of digital visualization of
didactic content — didactic infographics, intelligence maps, comics,
crossword puzzles, scribing, word clouds, and memes.
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Didactic infographics is a graphic method of presenting didactic
information in the format of instructions (fig. 3), explanation of the
process or algorithm of action, display of dynamics, development of a
specific process or activity, or in the format of video infographics.
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Fig. 3. Infographics-instruction in the field of information
education

The educational and developmental potential of using didactic
infographics in computer science lessons i1s an effective visual means
of presenting educational material to younger students, it promotes its
assimilation, trains visual memory, develops imagination and
thinking; helps the teacher to present didactic content in an organized
form, easy to understand; review and summarize the key concepts of
educational material on the topic. Didactic infographics are also
means of pointing to action during a lesson. The development of
visual thinking of primary school students through infographics allows
primary school teachers to carry out the educational process in
accordance with the requirements of modern visual and communication
space. There are many services for creating infographics, such as
Canva, Piktochart, Infogram, Visual.ly, Easel.ly, etc.

An intelligence card (mind map) is a complex diagram with a
tree-like structure based on associations; the way of depicting the
process of thinking with the help of schemes and images; an effective
method for processing large arrays of information (CunkoBa & JloOauy,
2018, p.182). Ideas are presented in a schematic format with the
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addition of drawings and other auxiliary graphic elements (fig.4)
(keywords on the theme, graphics, and arrows).

Y

Fig. 4. Intelligence map of natural education

The educational and developmental potential of intelligence
maps in science lessons are effective for the organization of the project,
blended and distance learning, promote deep and intensive learning,
and effective for systematization and generalization of knowledge.
Technology teaches thinking, involves both hemispheres of the brain
in active work, and forms an intuitive perception of information.

When building a mental map, different types of thinking are
activated: figurative, associative, critical, creative, which increases the
activation of students' learning activities, the ability to analyze,
synthesize, the ability to work conclusions; form creativity, imagination,
the level of formation of communicative skills increases; friendly
relations are formed when working in groups. Smart cards can be
developed by yourself with the help of markers, applications, as well
as with the assistance of special computer programs: Freemind,
Cacoo, Mindmeister; Mapmyself; Bubbl; Mindomo, Text2mindmap,
Dabbleboard, Lucidchart, Flowchart, Mind42, etc.

Comics are effective for working with younger students. It is a
literary genre, which is a series of illustrations combined with history,
unity of story, and visual action; easily reflects the complexity and
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problems of the environment. The use of comics allows students to
perceive and memorize learning material better. Comics, as a form of
graphic art and digital creativity, can make a lesson interesting and
exciting. Working with comics helps intensify cognitive processes, and
develop logical thinking and speech, motivating students in educational
and cognitive activities. Didactic possibilities of comics: to tell a
complex story in several images; provide commentary on any drawing
on various topics; use symbols that are easy to identify for all students;
the comic script simulates the culture of communication, life situations
(adolescence, family relationships, tolerance, etc.). To create comics,
there are services such as Pixton, Storyboard, Canva, etc.

Crosses 1s a puzzle based on the principle of associations, a
collage of pictures connected by logical connections; a modern
methodical method of visualization of educational material. The
crossword structure contains nine images that are arranged so that
each image is related to the previous and next. The central image can
combine several images in meaning. There are two types of connections
in crossword puzzles: superficial and semantic (deeper). It is advisable
to use crosses in both the combined lesson and the test. Solving the
crossword puzzle develops the ability to build deductive inferences,
skills of working with information, increases the level of curiosity,
and develops speech, and critical and creative thinking. Canva and
LearningApps are well-known tools for digital visualization.

Scribing 1s the process of visualizing information in real-time,
using a set of fonts, simple drawings, and graphic symbols.

Types of scribing: 1) static scribing (created on paper or
graphics tablet during the lesson), 2)dynamic scribing (video
scribing) — a dynamic video sequence with the voice of the speaker.

Didactic scribing reflects the teacher’s language in graphic form,
with the main points and keywords highlighted from the flow of
information; the student simultaneously activates two channels of
perception: audio and visual (MoprynoBa, 2019). Simple drawings,
supplemented by text, evoke emotions, interest in the subject, and,
hence cognitive activity. GoAnimate, PowToon, and Moovly are
digital scribing visualization tools.
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Word clouds are a visual representation of a list of words, labels,
or categories in a single shared image (fig. 5). Using the technique of
‘brainstorming’, you can visualize the terminology of the educational
topic of any educational field in a more visual way. The colored cloud
of words catches the eye of the object and forces you to focus on
specific conceptual categories. The cloud contains both visual
information and content load — the text itself. This contributes to more
efficient work with information.

e MpounTai, wo noTpibHO ANa Toro, Wob 34iINCHUTK BIAKPUTTA.
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Fig. 5. Infographics — a cloud of words

Meme technology is a short witty phrase, image, or video of an
ironic nature (Figure 6). Meme technology is easy to create and
versatile; it can complement didactic content in any field of education.
Used properly, memes can be an effective and creative addition to a
lesson. Meme technology can be considered a kind of didactic
infographic. For example, students can create a linguistic
(mathematical) meme on their own or under the guidance of a teacher,
in which information will be presented in a non-standard humorous
way. Technology interestingly complements the educational process,
namely develops observation, helps rethink information creatively,
and teaches to make concise accents on the key points of the topic.
Examples of digital meme visualization tools are the following:
Risovach, Meme generator, and Meme arsenal.
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R Fig. 6. Infographics - mem

We have developed general recommendations for creating an
effective digital visualization of didactic content:

e Identify the main idea, target audience, and purpose of use.

e Highlight basic didactic information that should be most
visible and understandable.

e Structure the visualization composition according to the type
of object.

e Provide textual information concisely, do not place large
amounts of text, use accurate headings and subheadings, and choose
an easy-to-read font (Arial).

® Do not use unnecessary elements for decoration, as they
distract from the perception of the main idea.

® Choose a color scheme consisting of three colors in
combination with several shades.

e Use abstract associations, and intuitive and common symbols.

Conclusions and prospects for further research. Modern
techniques and means of visualization of didactic content (didactic
infographics, intelligence maps, memes, word clouds, crosswords,
scribing) are characterized. Their didactic potential is described as an
effective means of activating the educational activities of primary
school students, which contributes primarily to the development of
visual memory, imagination, and logical and critical thinking.
Visualization of didactic content is an essential element of
communication in the educational space New Ukrainian School,
which facilitates the perception and understanding of information.
Infographic manuals activate the process of perception and
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understanding of information, ideas, and concepts, increase the ability
to think critically, develop an organized idea and improve the
assimilation of information.

We consider the problem of preparing future primary school
teachers for the development of digital didactic infographics to be
promising research. Digital literacy and digital creativity of the
teacher in the practice of teaching students of the Alpha generation is
extremely important, will allow the teacher to be original in the
presentation of educational material, and thus guarantees successful
didactic communication.
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JTrwoomuna Ipoyait, Hamania I'ibanosa, €ezenia Ilouunok, Onvea Deoii

CYYACHI TEXHIKA IU®POBOI BI3YAJIBAII INJTAKTUYHOT O
KOHTEHTY MATEMATHUYHOI, IHOOPMATHYHOI TA IPUPOJHNUYOI
OCBITHIX 'AJIY3EN IOYATKOBOI IIIKOJIN

Y cmammi ymouneno nowammsa ma ocobausocmi po3eumky 6i3yanbHo20 MUCIEHHS.
VUHA nO4amKo80i wkKoau. 30ilicHeHo meopemuyHuli ananiz ICHyIYUX NCUXOL020-Ne0da202iuHUX
nioxo0ié 00 BU3HAYEHHA NOHAMMA 6i3VAIbHO20 MUCIEHHSA, BUOKDEMIEHO OCHOBHI 1020
KOMHOHeHmu. 3’4C08aHO, Wo OUOAKMUYHUM 3A80AHHAM DO3GUMK) BI3VAIbHO20 MUCLEHHS €
CHpOWeHHs NOOAHHS CKIAOHUX NOHSAMb, MOMUBAYis yuHie 00 ananizy iHgopmayino i 5K
pe3yibmam — ni0BUWEHHsL PIBHS 3HAHb YUHIB.

Teopemuuno obIpyHmMosano egexmusHicms Gizyanizayii OUOAKMUYHO2O0 KOHMEHMY 8
OCBIMHLOMY NPOCMOPI NOYAMKOBOI WKOAU. B 00ocniodcenHi nio Ou0aKkmudHum KOHMeHmom
Ppo3ymiemo inghopmayito 008inbHOI hopmu, 3micm aKoi mae HaguyanvHull xapaxmep. [lonamms
yughposoi izyanizayii mpakmyemscs Hamu K OUOAKMUYHUL NPOOYKm (3acib), cmeopenull 3a
00NnoOMO02010 YUPPosUx 3acmocynkie ma 30epedcenuti y yugposomy gopmami abo iHwux
¢opmamax.

3’sacosano, wo mexnonozia yughposoi izyanizayii OUOAKMUUHO20 KOHMEHM) ICOMHO
posuwupioe cgepu  iX 3acmocy8aHHs 8 OCBIMHLOMY HNpOYeci. MNONeSULYE CNPULIHANMMSL
HABYANbHOI IHGhopMayii yuHAMU, CNpUAE OPMYBAHHIO NPABUTLHUX VAGIEHb WKOAPIE Npo
00°cKm 8UBUEHHS, 0AE MONCTUBICMb CKOHYEHMPYS8AMU y8azy VUHI6 HA 20J08HUX CMUCTIOBUX
e/leMeHmax HAaguanbHo20 Mamepiany, SUOLIAIOYU iX Y 30po6omy 00pasi U 00HOYACHO
Ginompyrouu Opy2opsaoui ma 3auei Oemaii; AaKMuUBi3ye PizHi GUOU MUCTIEHHSA 1l NAM Simi Y4UHig;
CNpUsAE Kpauwjomy 6KIIOYEHHIO HOBUX 3HAHb Y CUCEMY pauiule HAOYmux, a makodxc ix
3aC60€HHIO Ul 3aNam’SIMOYE8AHHIO VUHAMU, PO36UBAE NIZHABANbHUL iHmepec Oimet, Oae
MOJACIUBICML  CMBOPUMU  NOZUMUBHULL eMOYIUHULL (QOH Ha Ypoyi;, noaecwye peanizayiro
MidicnpeOMemHUx 36 s13Ki8 V HAGUAHHI.

Cxapaxmepu308ano cy4acHi mexwiku yugposoi 8izyanizayii HaguaibHO20 Mamepiany
3 Mamemamuxu, IHHOpMaAmuKu ma npupooo3Haecmea: cKpaubine, ingoepaghixa, inmenexkm-
Kapmu, KOMIKc, KpocceHuc, Mem, Oykmpetlnep, xmapu ciie mowo. I[lpezenmosano 6uou
yughposoi sizyanizayii OUOAKMUYHO2O KOHMEHMY: IHMEePaAKmueHy, OUHAMIUHY, CMAMUYHY.
Buokpemneno npunyunu cmeopeHHs ma NOOAHHSA OUOAKMUYHO20 KOHMEHmY Y Gopmami
yughposoi sizyanizayii: NPUHYUNU CUCMEMHO20 K8AHMYBAHHA | KOSHIMUBHOI Gi3yanizayii.
Busnaueno ocnoeni  ¢hynxyii  yugpoesoi eizyanizayii OuUOAKMU4HO20 KOHMEHMY w000
B00CKOHANICHHST HABYAHHS MAMEMAMUKY, IHGHOpMamuKy ma npupooosHaAscmed: KOMHAKMHe
NOOAHHS HABYATLHO20 Mamepiany, wo 0d€ 3Mo2y NiOSUWUMU THHOPMAYIUHY HACUYEHICMb
HABYANIbLHO20 Npoyecy, KOHYEHMpPOBaHe HNOOAHHA HABUANbHO20 MAmepiany 8 OCANCHOMY
euenadi 3i 30epedceHHAM U020 CeMAHMU4HOi NOoGHOMU, 3a06e3nedeHHs a0eK8amHOCmi
NOOAHHS HABUANLHO20 Mamepiany NCUxo@izionociuHumM 0COOIUBOCMAM YUHs, GI3yanizayis,
AKA «POOUMb 3HAHHA BUOUMUMY, CHPUSE 3MEHUWIEHHIO S8UMpPAm uacy ma eHepeii yuHsA Ha
CHpUUHAMmMA U PO3YMIHHA BEIUKO20 34 00CA20M HABUAILHO20 Mamepiany;, niOmpumaHHs
BUCOKO20 MeMNy HABUAHHS, CKOPOYYIOUU 11020 Heepekmusni abo Huzvbkoegekmueni gasu;
CNPUSIHHA PAYIOHAIbHIU OpeaHi3ayii HABYANILHO-NI3HABANLHOI OIIbHOCMI YYHIE HA Ypoyi
WIAIXOM i1 aneopummizayii.

Kniouosi cnoea: gizyanvhe mucnenns;, yughposa eizyanizayis, OUOAKMUYHUL
KOHMeHm, YYHI NOYAMKOBOI WIKONU;, MamemMamudHa OC8imHsa 2any3v, IHopmamuyna
0CGIMHSA 2a1Y3b, NPUPOOHUYA OCBIMHSL 2ATY3b.
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