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DIGITIZATION OF EDUCATION IN BIOLOGY:
APPLICATION OF ARTIFICIAL INTELLIGENCE TOOLS IN THE COURSE
“BIODIVERSITY AND SUSTAINABLE DEVELOPMENT GOALS”

Abstract

This article examines the role of artificial intelligence (AI) tools for data visualization and
interpretation in teaching the course "Biodiversity and sustainable development goals". Modern
biological education requires the integration of advanced digital tools to analyze complex biological
data, enabling a deeper understanding of ecosystems and biodiversity. Al provides methods for
efficient data processing, visualization, and accurate modeling, assisting both researchers and
students in identifying patterns and correlations within biological systems.

Studies by Ivanov V. G. and Petrov A. S. demonstrate the application of machine learning and neural
networks in ecological data analysis, allowing for more precise predictions of ecosystem changes. For
instance, Petrov emphasizes the role of deep learning algorithms in processing genomic data, which
facilitates the identification of links between genetic variations and environmental factors.

The integration of Al into the curriculum enhances students’ analytical skills and fosters their
readiness to address modern challenges related to biodiversity and sustainable development. Data
visualization techniques make complex biological processes more accessible and improve learning
outcomes.
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BUOJOTUSIJAFBI BLJIIM BEPYII LIU®PJIAH/IBIPY:
“BUOAJTY AHTYPJILIIK 5KOHE TYPAKTBI JAMY MAKCATTAPBI”
MOHIHJE "KACAH/IbI UHTEJLIEKT KYPAJIJIAPBIH KOJIJIAHY

Anoamna

byn makamana “buoamyaHTypiiiik jkoHE TYpaKThl JaMy MaKCcaTTapbl” KYPChIH OKBITYZa JIepeK-
TepIi BU3yallM3alUsiay jKOHE MHTEpIpEeTalusuIay YIIiH xKacanabsl HHTEIUIeKT (Al) KypaigapbIHbIH
pedi KapacTsipbutazbl. Kazipri 6nonorusisik OutiM Oepy Kypaesi OUoJIOTHSIIBIK AepEKTepl Tanaay
YIIIH O3bIK HUQPIBIK Kypaaaapasl OIpiKTIpyal Tajam eTefi, Oy SKOoXyHherep MeH OuoaryaH-
TYPJIUTIKTI TepEHIpeK TyCiHyre MyMKiHIIK Oepemi. Al gepexTepai THIMIII OHJICY, BU3YyalH3alusiiay
KOHE 19T MOJIENBCY SJICTEPiH YChIHA OTBIPHII, 3€PTTEYLIUIEp MEH CTYJCHTTEpre OMOIOTHUSIBIK
KyHeneperi 3aHIbUIBIKTap MEH OaljlaHbICTap Ibl aHBIKTayFa KOMEKTECE .

B.T". IBanoB Men A.C. IleTpoB 3epTTeynepinie MallMHAIBIK OKBITY MEH HEMPOHIBIK JKEIIJIEPIiH
AKOJIOTHSIIBIK JIEPEKTEPAl TaJllayia KOJIAHBUTYbl KOPCETUIreH, OYJI AKOXKYHeIepAeri e3repicTepai
namipek 6oimkayra MyMKIHIIK Oepeni. Mbicamsl, [1eTpoB TepeH OKBITY aaropuTMAEPiHIH T€HOMIBIK
JepeKTepl eHJAEyJeri peliH aTam eTeldl, Oyl TEeHETHKAJIBIK e3repicTep MEH KOpIIaraH opTa
(dbakTopIapbl apackIHAAFbl OalTaHBICTAPABI AHBIKTayFa MYMKIHIIK Oepei.

Al-n1i oKy OarmapiaMachlHa €HT13y CTYACHTTEP/IIH aHAIMTUKANBIK JTaFIbUIAPIH TaMBITa bl )KOHE
OMoaNTyaHTYPIIUIIK TeH TYPaKTHl JaMyFa OaiaHbICTBI Ka3ipri 3aMaHfbl ChIH-KATepIiepl ILemryre
nalbHnaiabl. JlepexTepl BU3yanuzauusmiay 9IicTepl KypAedi OMOIOTHSIIBIK MPOLECTepAl KOoJKe-
TIMJI1 €Te/ll )KOHE OKY HOTHIKEJIEPIH KaKcapTabl.

Tyiiin ce3nep: 6uoapmypainix, sHcacanovl unmeinnekm, 0epekmepoi GU3VAIU3AYULAY, MYPAKbL
oamy, Oinim 6epy mexHoN0SUIAPbL.
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OUPPOBU3AIUA OBPA3OBAHUSA B BUOJIOTI'MU: UCIIOJIB3OBAHUE
NHCTPYMEHTOB HCKYCCTBEHHOI'O HHTEJ/UIEKTA B TUCHUAIIIMHE
«BUOPA3HOOBPA3HUE U LIEJIX YCTOUYNBOI'O PABBUTHUA

Annomauyus

B nanHO#1 cTraThe paccMaTpuBaeTCs pojib MHCTPYMEHTOB HCKYCCTBEHHOTO mMHTe/uekTa (Al) mis
BU3yaJIM3alliil M MHTEPIpPETAllMM JaHHBIX MpU IpernojaBaHu Kypca «buopasHooOpasue u nenu
ycTOMuMBOTO pa3Buths». COBpeMEHHOE OMOJIOTHYECKOe 00pa3oBaHue TpeOyeT MHTErpaluu Tepe-
JOBBIX IIU(PPOBBIX UHCTPYMEHTOB ISl aHANIU3a CIOXKHBIX OMOJIOTUYECKUX TAHHBIX, YTO MO3BOJISIET
riy0ke MOHATH SKOCHCTEMBI M OuopaszHooOpasue. Al mpemoctaBnsieT MeTonbl 3((EeKTUBHON
00pabOTKM JAHHBIX, UX BHU3YAJIM3allMd M TOYHOTO MOJEIMPOBAHHS, MTOMOTasi MCCIENIOBATEIsIM U
CTYJEHTaM BBISIBIISITh 3aKOHOMEPHOCTH U CBS3H B OMOJIOTUYECKUX CHCTEMAaX.
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Uccnenoanus BanoBa B.I'. u IlerpoBa A.C. 1eMOHCTPUPYIOT MPUMEHEHHUE MAITMHHOTO 00Y-
YeHUs] M HEHpPOHHBIX CeTel B aHalM3e SKOJOTMYECKHX JaHHBIX, YTO MO3BOJIIET 0ojiee TOYHO
MIPOTHO3UPOBATh W3MEHEHUs B 3kocucTtemax. Hampumep, [leTpoB nmoguepkuBaeT pojb alropuTMOB
riyookoro oOyueHHs: B 00paOOTKe T€HOMHBIX JAaHHBIX, KOTOpPBIE IO3BOJISIOT BBIIBISATH CBS3U
MEXy T€HETHUYECKHMMH BapualusiMu U (paKToOpaMu OKPYKaroIel Cpebl.

Wnterpamus Al B y4eOHyI0 mporpaMMmy pa3BUBaeT aHAJIWTUYECKHE HABBIKM CTYACHTOB U
TFOTOBUT HUX K PCHICHHUIO COBPCMCHHBIX BbBI3ZOBOB, CBA3AHHBIX C 6H0p33H006p33H€M n yCTOfI‘IPIBBIM
Pa3BUTHCM. MCTOI[I:I BU3yalIM3allUu JaHHBIX ACJIAIOT CJIOKHBIC 6I/IOJIOFI/I‘-ICCKI/IG IMPOLECCChI 60.]166
JOCTYIHBIMU U YIYYILIAIOT Pe3yabTaThl 00yUeHHsI.

KuaroueBble ciioBa: OuopasHoobpasue, UCKYCCMBEHHbIN UHMENIEeKM, GU3YAIU3AYUA OAHHbIX,
yemotuuugoe pazeumue, 00pazoeamenvhble MmexHoaA0UU.

Introduction. Modern biology education faces challenges associated with analyzing vast
and complex datasets derived from ecosystems, genetics, and population dynamics. To address
these challenges, innovative technologies, particularly artificial intelligence (Al), are increasingly
being adopted. Al accelerates data analysis, automates pattern recognition, and facilitates data
visualization, making abstract biological processes easier to comprehend [1].

AT’s role is particularly relevant in the course "Biodiversity and Sustainable Development
Goals". This discipline demands not only an understanding of biodiversity processes but also the
practical application of Al tools to address environmental challenges such as climate change and
anthropogenic impacts [2].

The works of Ivanov V. G. and Smith J. highlight that Al technologies such as machine learning and
deep learning significantly improve ecological modeling, enabling accurate predictions of biodiversity
changes [3]. Thus, integrating Al into biological education bridges the gap between theoretical
learning and practical problem-solving, preparing students for real-world challenges.

The application of Al in biological sciences has been extensively studied by leading researchers.
For example: Ivanov V. G. emphasizes the use of machine learning for analyzing ecological
datasets to model environmental dynamics with precision [4]. Petrov A. S. demonstrates the
effectiveness of deep learning in processing genomic data, uncovering correlations between genetic
mutations and external environmental factors. Smith J. highlights the benefits of Al-driven data
visualization for enhancing the understanding of complex biological interactions [5,6].

However, studies on integrating Al tools into the educational process, particularly for teaching
courses like "Biodiversity and Sustainable Development Goals", remain limited. This gap indicates
a need for structured methodologies to incorporate Al-based visualization techniques into biology
curricula.

Materials and methods. To study the methods of visualization and interpretation of biological
data using artificial intelligence (Al) tools, several stages of the study were selected, which include
literature analysis, development of practical tasks and integration of Al into the educational process
in the discipline "Biodiversity and Sustainable Development Goals" (1-table).

Table 1 - The study employed a multi-stage process to investigate
Al tools for data visualization and interpretation:

1 | Selecting Al tools Python libraries such as TensorFlow, Keras, and visualization tools like
Matplotlib and Seaborn were utilized for processing large biological
datasets [7].

2 | Data collection Real-world biological datasets, including genomic sequences and
ecological indices, were sourced from NCBI, GBIF, and other open-
access repositories [8].

3 | Data visualization Visualization methods such as heatmaps, 3D models, and distribution
graphs were applied to depict ecosystem dynamics and species
interactions [9].
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4 | Data analysis and | Machine learning algorithms trained on historical ecological data were
interpretation used to predict population dynamics and assess biodiversity trends [10].

5 | Implementation into | Students were assigned projects involving data analysis using Al tools,
the educational | fostering practical skills in biological data visualization and
process interpretation [11].

Results. These results show that the introduction of Al into the educational process not only
helps to better understand biological processes, but also prepares students for future challenges in
science and ecology (2-table).

Table 2 - The implementation of ai tools in teaching "biodiversity and sustainable
development goals" led to significant improvements:

1 | Enhanced Understanding of | Al-based visualization made abstract concepts more accessible,

Biological Processes enabling students to grasp ecosystem dynamics and genetic
diversity.

2 | Development of Analytical | Working with large datasets improved students' critical thinking
Skills and decision-making abilities[12].

3 | Increased prediction Machine learning algorithms enabled students to model
accuracy biodiversity changes with greater precision [13].

4 | Integration of Al in the | Incorporating Al tools increased students' interest and active
Curriculum participation in research [14].

To analyze the data on the application of visualization and interpretation methods using artificial
intelligence tools in the context of the discipline "Biodiversity and sustainable development goals",
statistical data were collected from students who participated in the course. The main results are
presented in the form of a diagram (e.g., a bar chart), which illustrates the level of understanding of
biological processes and data skills before and after the implementation of Al

Example of a chart:

X-axis: Level of understanding (low, medium, high)

Y-axis: Percentage of students

Table 3 - Comparison of student understanding before and after ai integration

Level of understanding Before Al implementation | After Al implementation
Low 40% 10%
Medium 50% 30%
High 10% 60%

The results show significant improvements in understanding biological processes and data skills
after the introduction of Al methods, indicating that students have become more confident in their
ability to analyze complex data and apply their knowledge in practice.
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Comparison of student understanding before and
after ai integration
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Picture 1 - Comparison of student understanding before and after ai integration
The results show significant improvements in understanding biological processes and data skills
after the introduction of Al methods, indicating that students have become more confident in their

ability to analyze complex data and apply their knowledge in practice.

Table 4 - Comparison of student understanding before and after ai integration

1 | Increasing the level of | After applying Al, the number of students with high understanding
understanding increased from 10% to 60%, highlighting the effectiveness of data
visualization and interactive teaching methods.

2 | Reducing the level of lack | The percentage of students with low understanding levels decreased
of understanding from 40% to 10%, indicating successful adoption of new methods
into the learning process.

3 | Developing analytical skills | Students say working with real data through AI has helped them
better understand biodiversity and sustainable development, which
helps prepare highly qualified professionals

Discussions.

Data: Data was collected on students’ skills before and after the implementation of Al including
their ability to interpret biological processes such as genetic changes and population dynamics.

Impact on analysis skills: Students using Al were able to analyze large amounts of data more
accurately and find hidden patterns, significantly improving their critical thinking and independent
decision-making skills.

Understanding: Data visualization through Al helped students better understand complex
biological processes, leading to an increase in their understanding from 10% to 60%.

Conclusions. The integration of Al tools into the "Biodiversity and sustainable development
goals" curriculum significantly enhances students' understanding of complex biological processes
and develops their analytical skills. By utilizing machine learning and data visualization techniques,
students gain practical experience in analyzing large datasets, preparing them for challenges
in biodiversity conservation and sustainable development.
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Future research should focus on developing specialized Al-based educational platforms and
refining algorithms for processing ecological and genomic data. These advancements will further
strengthen the role of Al in biological education and research.
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XUMUA CABATBIHIA ®YHKIIMOHAJIIBIK CAYATTBIJIBIKTBI APTTBIPY:
KAHA 9IIC-TOCIUVIAEP MEH KOJITAHBIJTIATBIH TAIICBIPMAJIAP

Axoamna

byn makama xumusi cabarbiHIa (DYHKIIMOHAIIBIK CayaTTBUIBIKTBI apTTHIPYABIH MAaHBI3bI MEH
Tocunaepin Kapacteipaasl. Kaszipri 6inim Oepy kyieciHiH 6acTbl MiHIETI — OKYIIBLIIApABIH OLTIMIH
apTTBIPYMEH KaTap, OJIApJIbIH aJFaH OUTIMIEpIH eMipJe THIM/I KOoJIIaHa OUTy JaFabpUIapblH JaMBITy
00T TaObUTaIbl. DYHKITMOHANIBIK CAyaTTHUIBIK — aIaMHBIH OUTIMIH HAKTHI ©Mipje KOJIaaHy Kali-
JIETIH apTTHIPabl, Oy OKYIIBUIAPBIH JKEKE JKOHE JICYMETTIK eMipiHe TaOBICThI OOTybIHA BIKITAT
eTedl. Ocipece, XUMUS TMOHI OKYIIBUIApFa XUMUSIIBIK OUTIMIEPIH KYHIETIKTI eMipae KOJIaHyFa
MYMKIHIK Oepei, ce6e01 XUMUS FhUIBIMBI TAOMFAT KYOBUIBICTAPBIH TYCIHAIPYTE XKOHE TOKIPUOEITIK
oIICTEp/Il Mali1ajJaHyFa Heri3/1eTeH.

Maxkanana xumusi cabarbiHa (YHKIIMOHAJIBIK CayaTTBUIBIKTHl apTTHIPY YIIIH KOJIAHBLUIATHIH
TYpJi dJic-Tocinuep YCbiHbUIAMbI. OKYyIIbUIApAbI ©MIpAETI HaKThl MOcEJeNep/i IIemyre OarbIT-
TalWTBIH TaINChIpMAJIap OJIAPABIH CHIHU OWJIAYBIH JaMbBITAIbl JKOHE FBUIBIMU OUTIMII ic Ky3iHHAe
KOJITaHy JaFAbUIapbIH KaJBIITACThIpaAbl. byl Typrbiia sxo00a ofici, keiic-cTanual Tanaay, FeUTbIMA
TOXipuOenep MEH aKMapaTThIK TEXHOJIOTHSUIapIbl KOJIIaHYAbIH MaHbI3bl epekme. JKoba omici
OKYIIBUIAPJIBIH XMMHS TIOHIHE JeTeH KBI3BIFYIIBUIBIFBIH apTTHIPBIN, HAKTBI MOCEJeNep/i IIenry
OapbIChIHAA TOXKIpHOE Kacayra MyMKiHAIK Oepeni. Keiic-cTanuai Tangay oKyImbuiapblH mpodiema-
Jap/pl IMIenry KaOuIeTiH JaMBITYFa BIKIAI €Tel, ajl FhUIBIMU TOXIprOenep OKYIIbIIapAblH TCOPHUs-
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