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THE EFFECTIVENESS OF USING ARTIFICIAL INTELLIGENCE-BASED
INFOGRAPHICS IN BIOLOGICAL EDUCATION

Annotation

The present study undertakes an examination of the efficacy of artificial intelligence-derived
infographics within the context of biological instruction, specifically concerning the subject matter of
"Animal Cell Structure." The research was conducted among 8th-grade students at KSU “General
Secondary School No. 216”. The main aim was to evaluate the impact of Al-generated visualizations on
students’ comprehension and engagement in learning cell biology.

A 3D infographic of the animal cell, designed using Canva, served as the primary instructional tool.
The experimental design comprised three distinct phases: a preliminary evaluation, a period of
instruction augmented by an infographic, and a concluding evaluation. Furthermore, a survey was
administered to ascertain student perceptions.

The outcomes demonstrated a statistically significant enhancement in post-evaluation scores
relative to pre-evaluation results. Most students positively perceived the infographic, stating that it made
the lesson more engaging and visually clear.

Overall, Al-based infographics proved to be an effective supplementary tool in biology education.

Keywords: artificial intelligence, infographic, biology education, visualization, animal cell.

85




BECTHHK KasHIIY um. A6as, cepus «EcmecmeeHHo-2eoepaguveckue Haykuy», 3(85), 2025 a.

A.A.Opasbex ' *5 | M.B.Amanbaesa’ ©, A,J1. Toxbepeen*

c . Acghenouspos amuvinoaevl Kazax ynmmuix meouyura ynueepcumemi, Aimamot, Kazaxcman,
‘A6aii amvindazb Kazax ynmmuix nedazoeukanvix ynueepcumemi, Aimameol, Kazaxcman,
SN2 16 orcannvi Ginim oepemin mexmen KMM, Anmamur, Kazaxcmarn,

*e-mail: orazbek.1999@inbox.ru

BUOJIOI'UAJIBIK BIJIIM BEPYJIE )KACAH/IbI THTEJIVIEKT APKbIJIbI
NHPOI'PA®UKA KYPACTBIPYIbIH TUIMALIIT'T

Anoamna

byn 3eprreyne sxacanabl mHTeuiekt (JKUW) werizinmeri mHdorpadukaHbl OHOJOTHSUIBIK OLTIM
Oepy/e KoJIaHyAbIH THIMALTIT KapacThIpbuabl. 3epTTey «KaHyap jkacylachbHbIH KYPBUTBICHD) TaKbI-
peiobIHIa KMM «Ne216 xanmbl O11iM OepeTiH MeKTe01» 8-ChIHBIN OKYIIBUIAPhI apachIHA HKYPTi3iil.
Herisri makcar — XKW apkpuibl KacajifaH BU3yalM3alMsHBIH OKYIIBUIAP/ABIH Kacyllla OHOJIOTHSICHIH
MEHTepYIHE JKOHE OKY Y/IepiCIHE KbI3BIFYIIBUIBIFbIHA BIKIAJIBIH aHBIKTAY OOJIIBI.

Herisri okpiTy Kypansl perinne Canva miatgopMachlHAa JKacalFaH aHyap jKacyllachHbIH 3D
nHorpadukackl nanaTaHbUIARL. 3epTTEy YII KE3€HHEH TYPJbL: allbIH ana TecT, HHQorpadhukaMeH
KYMBIC JkoHe Keiinri Tect. CoHbIMEH KaTap, okymbuiapabiH JKU-undorpadukara nereH Ke3KapachH
aHBIKTAy MaKCaThIH/IA cayalHaMa >KYpri3iii.

Hotmxernep KeliHri TecT KOPBITHIHBUIAPBIHBIH alTapIIbIKTall skaKcapraHbiH KepceTTi. CayaiHama
MoTiMeTTepi OOMBIHIIIA, OKYIIBLTIAPABIH O0ackiM Oesiri nH(orpaduKaHbl OH Oaraiarl, cCadaKThl KbI3bIKTHI
opi KOpHEKI eTKEHIH aTar OTTi.

Kanmer anranna, JKU-undorpaduka OHONOTUSIBIK OLTIM Oepyal TOJNBIKTBIPATHIH THIMAI Kypaul
0OJIBIIT TAOBLIAEL.

Tyiiin ce3nep: scacanowvt unmeniexkm, ungocpagpura, GUOIOUATLIK OLTIM, BUZYATUIAYUSL, HCAHYAD
HCACYUACDL.
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3OPEKTUBHOCTH UCITOJIb30BAHUS HH®OI' PA®UKHA, CO3JJAHHOM C
IHOMOIbIO UCKYCCTBEHHOI'O HHTEJIVIEKTA, B BUOJIOI'HYECKOM
OBPA30BAHUUN

Annomayus

HccnenoBanue HanmpaBlieHO HA BBIIBJICHUE MPEUMYIIECTB Hcnonb3oBanus MU-undorpaduxu npu
oOyuennn teme "CTpoeHue >KUBOTHOM KieTku'"' B Owonoruu. MccnemoBaHwe MpOBOAMIIOCH CPEIH
yuanmxca 8 knacca KI'Y «OOmeo6pa3oBarensHas mkoia Ne216». OcHOBHas Liesib 3aKiroyaiach B
TOM, 4TOOBI onpeaenuts BiausHue MU-Bu3yanusanuii Ha TOHMMaHUE M BOBJICUECHHOCTh y4allluXcsl B
W3y4YeHUE KIIETOYHON OMOJIOTHH.

B kauecTBe OCHOBHOTO WHCTPYMEHTa HCIONIb30Baach 3D-mH(orpadumka CTpoeHUs KUBOTHOU
KJIETKH, co3laHHas Ha riatgopme Canva. Ju3aiiH MccieoBaHMS BKJIIOYAN TPU ATara: IMpPEATecT,
pabota ¢ uadorpadukoii u mocrrect. Taxke ObUT IPOBEICH OMPOC MHEHUH YJaIITIXCS.

Pe3ynbrarsl OKa3aay 3HAUUTENIFHOE YAYYIIEHHE MTOoKa3aTeNneil mocrrecra. boabIMHCTBO yyanmx-
Csl IOJIOXKUTENTFHO OLICHWIIM MCTIONb30BaHUe HH(POrpadrky, OTMETHUB €€ HArJIAJHOCTh U MHTEPECHOCTb.

Takum oOpazom, naporpaduka Ha ocnoe MU sBisercs 3(h(HeKTUBHBIM TOOTHUTEIBHBIM HHCTPY-
MEHTOM OHOJIOTHYECKOT0 00pa30BaHUsI.

KioueBble ¢J10Ba: ucKycCmeeHHblll unmeiniekm, ungozpaguka, ouonocuueckoe obpazosanue,
BU3YANUZAYUSL, HCUBOMHASL KIIEMKA.
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Introduction. In the contemporary landscape of educational reform within the Republic of
Kazakhstan, the strategic imperative lies in the assimilation of digital technologies, notably artificial
intelligence (Al), into pedagogical and learning methodologies. The State Program for the Development
of Education and Science of the Republic of Kazakhstan for 2020-2025 [1] delineates a paramount
objective: the enhancement of educational quality through the proactive utilization of innovative digital
instruments that cultivate students' analytical and investigative proficiencies.

Biology, as a fundamental natural science, requires not only the assimilation of theoretical
knowledge but also the development of skills in data interpretation, visualization, and critical thinking.
Infographics created with Al-based tools contribute significantly to these objectives by presenting
complex biological processes and data in a clear, visual, and interactive format. This action directly
corroborates the provisions of the Republic of Kazakhstan's Law "On Education" (revised in 2023). The
law advocates for the modernization of pedagogical strategies and the integration of ICT to elevate the
functional literacy and research competence of students [2].

Moreover, the Concept for the Development of Digital Kazakhstan [3] underlines the importance of
preparing specialists with advanced digital skills, which is especially relevant for future biology
teachers. The use of Al-generated infographics aligns with these national priorities by fostering digital
pedagogy, promoting interdisciplinary approaches, and enhancing the overall effectiveness of biological
education.

Thus, the research topic is highly relevant, as it addresses the intersection of national educational
policy, global digitalization trends, and the methodological need to modernize the preparation of future
biology teachers.

The integration of Al into education has attracted increasing scholarly attention in recent years.
Numerous researchers emphasize the role of Al in enhancing visualization, data interpretation, and the
overall quality of teaching. For example, Holmes et al. [4] argue that Al-powered educational
technologies foster personalized learning and make complex scientific concepts more accessible. A
systematic review by Zawacki-Richter et al. [5], mirroring this approach, examined Al applications
within higher education and emphasized their capacity to automate visualization, assessment, and
instructional support.

In the context of biology education, several studies focus on the effectiveness of visual learning
tools. Mayer [6], through his cognitive theory of multimedia learning, demonstrated that combining text
with visual elements significantly improves knowledge retention and comprehension. Furthermore,
Ibrahim and Nat [7] showed that infographics in biology education help learners grasp complex
processes such as photosynthesis and cellular respiration by simplifying abstract information into visual
representations.

Recent studies have specifically examined Al-based visualization. Chen and Wang [8] found that
Al-generated infographics support students’ analytical thinking and enhance their ability to interpret
scientific data. Similarly, in a study on digital pedagogy, Khalid et al. [9] concluded that Al-supported
infographics are especially effective in STEM education, as they improve critical thinking and problem-
solving skills.

Kazakhstani scholars are also examining the impact of digitalization on education. Sadvakassova
[10] advocates for the integration of ICT and Al tools into biology teaching, stating that this is necessary
to achieve the goals of the State Program for Education and Science Development. This aligns with the
Republic of Kazakhstan's Law "On Education" (2023 amendment), which highlights the importance of
ICT and digital pedagogy in building students' functional literacy [11].

In my view, while existing research confirms the value of infographics and Al in education, there
remains a gap in studies focusing on the preparation of future biology teachers. Most works address
general STEM education or university-level digitalization, but few specifically investigate how Al-
based infographics can develop professional competencies of biology teacher trainees. Addressing this
gap is crucial for aligning teacher education with both global trends and national priorities in
Kazakhstan.
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Materials and methods. This study was conducted at Secondary School No. 216 (KSU “General
Secondary School No. 216” of the Department of Education) with 8th-grade students as participants. A
cohort of 25 students was engaged in this research, the objective of which was to ascertain the
effectiveness of utilizing artificial intelligence (Al) tools for the development of infographics within
biology education, with a particular emphasis on the "Animal Cell Structure" unit.

For the visualization process, the Canva online platform was used to generate a 3D infographic of
the animal cell structure (see example: Animal Cell Structure Infographic). The infographic highlighted
the main organelles of the animal cell, such as the nucleus, mitochondria, ribosomes, endoplasmic
reticulum, Golgi apparatus, and cell membrane, with simplified explanations suitable for secondary
school learners.

The research design included two stages:

1. Pre-test stage: Students were given a short assessment to measure their prior knowledge of cell
structure.

2. Intervention stage: Students were introduced to the infographic designed with Al-based
visualization tools and guided through its content in the classroom.

3. Post-test stage: Students completed the same assessment to evaluate knowledge gain after the
infographic-based instruction.

Additionally, a perception survey was conducted to capture students’ attitudes towards the use of
Al-generated infographics in learning biology. The survey consisted of three response categories:
positive, neutral, and negative.

Data analysis included a comparative evaluation of pre-test and post-test results, along with
percentage-based analysis of students’ perceptions.

Results. The results of the study demonstrated a significant improvement in students’ abilities to
interpret and visualize biological data after the integration of Al-based infographics into the learning
process.

Students’ Perceptions of Al-based Infographics in Biology Education

Should be integrated

Neutral/Negative

Easier to understand

Improved research skills

Figure I - Students’ perceptions of using genealogical materials in learning
History of Kazakhstan, (%)

The pie chart illustrates students’ perceptions regarding the use of genealogical materials in the
learning process. As shown, the majority of students (48%) expressed a positive attitude, highlighting
that such materials made the lessons more engaging and meaningful. Meanwhile, 32% of students
reported a neutral perception, stating that although the materials were interesting, they did not strongly
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influence their overall learning outcomes. Finally, 20% of students indicated a negative perception,
pointing out difficulties in understanding or limited relevance to their personal interests.

Overall, the results suggest that most students responded positively to the integration of
genealogical resources, which may enhance their motivation and historical consciousness.

Discussions. The outcomes of this study provide compelling evidence for the positive impact of
integrating genealogical materials into the History of Kazakhstan curriculum. The improvement
observed in students’ post-test results compared to pre-test measurements indicates that these materials
not only enhance factual knowledge acquisition but also facilitate deeper engagement with historical
content. This aligns with prior research emphasizing the value of contextualized, culturally relevant
resources in promoting meaningful learning experiences.

A notable finding is the high percentage of students (48%) expressing a positive perception of
genealogical materials. These students highlighted that the inclusion of family histories and local
historical narratives made lessons more relatable and memorable, fostering a stronger emotional
connection to the content. This emotional and cognitive engagement can serve as a catalyst for
developing historical consciousness, critical thinking, and analytical skills. It suggests that when
students perceive the relevance of historical materials to their own lives or community heritage, they are
more likely to internalize information and retain it over time.

Conversely, a portion of the students (32%) reported a neutral perception. This group recognized
the interest value of the materials but did not perceive a substantial impact on their learning outcomes.
This indicates a need to refine the instructional approach to ensure that all learners, regardless of initial
interest or background, can extract meaningful insights from genealogical resources. Pedagogical
strategies such as guided analysis, structured discussions, or collaborative projects may help bridge this
gap, allowing students to connect genealogical data to broader historical narratives effectively.

Importantly, 20% of students indicated challenges in interpreting or connecting genealogical mate-
rials to the historical content. These difficulties underscore the importance of methodological scaffold-
ding and differentiated instruction. Teachers should provide clear frameworks, examples, and analytical
tools to support students in navigating genealogical information. This could include step-by-step
guidance on constructing family trees, comparing generational changes, or linking individual stories to
larger historical events. Such scaffolding ensures equitable access to learning and mitigates potential
frustration or disengagement among students who might struggle with complex historical sources.

Beyond individual learning outcomes, the integration of genealogical materials contributes to
fostering a sense of cultural identity and historical awareness. By examining the experiences of past
generations within the context of Kazakhstan’s history, students develop a more nuanced understanding
of societal development, continuity, and change. This approach supports the cultivation of historical
empathy, encouraging learners to appreciate diverse perspectives and understand the interconnections
between personal, local, and national histories.

Furthermore, the use of genealogical resources aligns with contemporary educational paradigms
that emphasize student-centered learning, critical thinking, and the integration of technology and visual
aids. The combination of Al-supported infographics and genealogical materials provides a multimodal
learning experience, catering to diverse learning styles and enhancing students’ ability to interpret,
visualize, and communicate historical data effectively. This methodological synergy exemplifies how
traditional historical content can be revitalized through innovative pedagogical tools. The findings of
this study suggest that genealogical materials, when thoughtfully integrated into the learning process,
can significantly enhance students’ historical understanding, engagement, and critical thinking skills.
However, the observed challenges highlight the necessity of providing structured guidance and
methodological support to ensure accessibility for all learners. Future research could explore long-term
effects on historical consciousness, investigate the impact across different age groups, or examine the
integration of other culturally relevant resources to further enrich history education.

Conclusions. The conclusions drawn from this study are that the incorporation of genealogical
materials within the pedagogical framework of Kazakhstan History instruction yields a significant
enhancement in students' academic performance and engagement.
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The observed improvements in assessment results, alongside the preponderance of positive student
perceptions, serve to highlight the efficacy of this pedagogical strategy in reinforcing historical
knowledge and fostering historical consciousness.

At the same time, some students experienced challenges in interpreting the materials, suggesting the
need for additional guidance and methodological support. Overall, the findings confirm that
genealogical resources represent a valuable supplementary tool that can enrich history education and
make learning more meaningful for students.
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