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INFORMATION LITERACY OF STUDENTS IN GENETICS
EDUCATION ON THE EXAMPLE OF BIOLOGY AND
AGRONOMY MAJORS

Today, digital technologies have become an integral part of education.
Integration of information technology plays an important role especially for
natural sciences like genetics which requires accuracy and technological
support. This paper finds out how well the students are familiar with
the use of information technology in the study of genetics. Based on a
questionnaire survey, we observed a low level of information literacy
among students regardless of the year of study (among students in years
1-4). The fact that most students consider information sites in Google and
Yandex search engines as an easy and quick source of information and
make them the main source of information does not always form a deep
understanding and knowledge. The challenges students face is related to
information literacy components such as finding, evaluating, and analyzing
specific scholarly sources. In this paper, we examined scientific literature
to tackle the issue and present a compilation of websites, virtual realities,
and informational resources that enhance the educational experience in
genetics. The resources aim to enhance learners' competencies by providing
ongoing access to quality content.

Keywords: information literacy, information technology, genetic
education, electronic resources, digital technology.
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Introduction

The revolution in information technologies has elevated all aspects of
human life to a new level. As a result, most pedagogical research has become a
relevant topic in the process of continuing education, touching on the problem
of technological integration. The education system in the country is tasked with
enhancing the skills of future specialists by fostering digital literacy for the labor
market. The advancement of science through technology in the same lane as the
educational sphere complements the education sphere with scientific innovations
from emerging fields such as genetics. For students and educators alike, staying
updated with new discoveries is essential. All information technology can be
viewed as a potential source of scientific information. Internet resources that meet
the requirements associated with the development of technology are relevant in
both online and offline formats [1].

Platforms and resources are utilized at different levels depending on the
specifics of each subject. For example, technologies for the disciplines of biology,
chemistry and physics from the range of natural sciences: supplemented by
materials based on visualization, simulation and dynamic models, rely on virtual
realities to replace and complement laboratory needs.

As discussed above, the driving force has been the expansion of genetic
research and the development of technologies to improve genetics. The fields
of statistics based on computer science, biological sciences, and information
analysis have created the field of bioinformatics, which is the foundation for
genetics to take a step forward. One of the technological breakthroughs that
brought discoveries to all living things in the field of genetics was gene/genome
sequencing, which is an advanced model of information processing. The
sequencing results and speed of sequencing has led to the proliferation of genetic
databases. According to the US National Center for Biotechnology Information,
the GenBank database grew by 61% in 2020 [2[]. Technology has also played
a key role in the development of genetic engineering. Technologies such as
CRISPR/Cas9 have taken the development of science to a new level. Electronic
collections of information have helped visualize and store results. In a research
paper by Daniel J. A. and colleagues, the authors conducted a literature review
to identify nucleic acid databases in molecular biology. They found 185 articles
and 1,645 databases worldwide through 2022, focusing on information collections
related to molecular mechanisms. The data includes ranging from microorganisms
(Chromatin immunoprecipitation database for prokaryotic organisms), plants
(Plant Cell Marker Database), animals (Animal-eRNAdb) related to humans and
their health (Human Antigen Receptor database) including all branches [13[. Such
technological progress in genetics also affects the content of education. One of the
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pressing issues remains the equipment of the educational institution. It is obvious
that in the digital revolution era, discipline needs will be supplemented by properly
selected technologies. Genetics shapes biological systems at different levels. Since
most genetic entities are abstract, the textbooks that accompany the teaching of the
subject do not provide a complete picture of the subject. Therefore, the usefulness
of ICTs for improving genetics education is undeniable.

The rapid adaptation of the Internet to the educational process necessitates the
reconfiguration of new pedagogical techniques that allow for complex and flexible
work in the educational arena. To optimize the educational process using ICT,
it is important to analyze the scientific results of research, which can lead to the
generation of new ideas [4]. One of the theoretical models of effective integration
of technologies is the concepts of successful application of the chain ‘technology-
pedagogy-content of education” TPAC [5]. This triple array: of digital technologies,
methodological complex and full-fledged content of education contribute to the
creation of a scientific, new educational environment for teachers. Guided by
the difficulties and obstacles arising from the study of technology integration
in higher education institutions, W. Wiencke proposed based on the TIP model
demonstrating level integration with co-authors [6]. The FATI model on the role
of pedagogy and literacy in this process as a guide in the process of integrating
educators can be seen in the results of the study conducted by co-authors A. Fethi.
In addition, the TIM model, which is a scale matrix on the issue of evaluating the
level indicator of the digital environment created as developing and supporting
educators, was developed by J. Christine Harmes et al [7]. The common goal of
all these models is the right way to digitalize education. The large number and
variety of technologies and programs used in the educational environment, we
noted in the literature review prepared as part of the study. Depending on their
purpose, software tools can be divided into the following groups: Modelling;
Search engines; Intelligent computer programs; Experimental systems (virtual
realities, laboratories); Open-format Internet resources (in the form of audio,
video, and recordings) [8, 9].

Materials and methods

First and foremost, the digitalization of education and digital literacy are
related to the large flow of information on the pages of the Internet. Hence the
need to develop students’ skills in working with specific and reliable sources
when it comes to literacy. To determine the level of information literacy of
students, a survey was conducted on the use of information resources in the
study of disciplines ‘basics of genetics’ for the educational program ‘biology’ of
1. Zhansugurov Zhetysu University and ‘basics of heredity’ for the educational
program ‘agronomy’ (n=68). The survey was administered using the ‘Online Test
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Pad’ program. Along with the results of the questionnaire, a literature review
was conducted to identify relevant and successful integrative technologies and
information sources across all genetics-related disciplines, in line with current
educational goals, to provide students with a list of specific scientific information
resources. Articles were selected from Google Scholar, Scopus, Web of Science,
and PubMed databases using the keywords: ‘information technology in genetics
education’, ‘genetics and information literacy’, ‘electronic resources in genetics
education’, and ‘ICT in molecular biology’. While analyzing the articles, it was
noted that, despite the large number of research papers on the application of
ICT in sciences related to general biology, there is little research specifically
focused on this area. Most of the identified studies focus on teaching medical
genetics. Based on the survey indicators and students’ experiences, the best use
of these systems in teaching genetics was selected considering the popularity
among students of YouTube, web pages, and open-format educational portals as
sources of information. The following rules were considered when providing all
the identified information to learners and teachers: aavailability of educational
portals, channels in an open format; coverage of topics and number of readers;
YouTube channels, first source of information of educational portals (channel/
portal created by students, teachers or organization).

Results and discussions

Information databases, digital libraries, and all digital capabilities are
certainly not innovations for students. Technology, gradually being introduced into
continuing education, impacts both information literacy and scientific literacy. The
level of students’ awareness of information sources when working with scientific
information in the learning process was determined based on a questionnaire. The
questionnaire was designed to assess students’ ability to work with information in
the field of genetics. The survey also included first-year students from the biology
education program to evaluate the experiences of relatively new students. As
shown in Figure 2, the results indicate that most students limit their information
sources when preparing for classes, primarily using sites found through Google
or Yandex search engines.
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Figure 1 — Sources of information used by students

According to the survey results, 66.7 % of 1st- and 4th-year students rely on
open-access internet sources, despite the greater academic proficiency of final-year
students in handling information sources. Using only internet sources as a source
of information indicates that it is convenient for students as information can be
obtained at any time without processing. The work of senior students with Google
Scholar information database for searching articles and publications may be due
to the need to work with specific and in-depth sources of information. However,
approximately 25% of Ist-year students make use of the university’s library
collection. This is because students use certain teaching aids as directed by their
lecturers. Since teachers play a key role in most educational reforms, some studies
have explored the relationship between teachers and innovative technology-based
pedagogy. McGuinness, in her study on the role of teachers in addressing digital
literacy, believes that teachers have no formal need to teach students the specified
skills, believing that students can build information literacy on their own through
independent work [10]. In the following research paper, the results of a study of
searching, evaluating, and analyzing information on the Internet show that after the
technology skills workshop, the level of students’ work with academic databases
increased, although it was not statistically significant [11]. The lack of these skills
in student learning has improved faculty information literacy a prominent topic
of research [12]. Information literacy is a key indicator of the success of modern
academic libraries in educational practice [1].
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One of the main sources of information about new research and advanced
technologies in genetics is scientific articles. During the classes, students were
given tasks to write essays on the topics ‘bioethical problems in human genetics’,
and ‘about some hereditary diseases’ to develop students' cognitive skills. Initially,
students obtained the given information from information sites in Google, and
Yandex search engines. Mostly references were made to sources in Kazakh and
Russian languages. But among the given links we noticed very few articles. When
solving the problem, students were provided with a list of academic search engines
and journals, such as online Scopus, Web of science, Google Scholar, which publish
the results of recent genetics research, indicated in Table 1.

Table 1 — List of information retrieval systems for genetics and natural sciences

Information retrieval systems Content URL

The materials published on the RIEL
The Republican online resource and the services offered by http:/mmebrl: 1=/
Intermnstitutional BIEL are regarded as a means of obtaining
Electronic Library  educational and scientific information by
international copyright standards in the
digital environment.

The MNational Digital A library of textbooks and teaching aids
Library of Kazakhstan available to all categories of nsers.

Includes the latest results and findings www thescienfist com
TheScientist from genetic and genomic research

The jowrnal includes research and
American Jowrnal of  literature reviews related to homan bttps/wwwcell.co
Humsan Genetics heredity in the fields of molecular biology, m/ajhg/aims
cell biology. and genetics.

Genes & Development publishes high-

Genes & quality research papers of broad mterest https:/genesdev.cshly
Development and biclogical relevance in molecular
biology, molecular genetics, and related
fields.
A collection of biomedical articles,
PobMed joumals, notes, and online tutorials created  https:/pubmed nebix
by the National Centre for Biotechnology ov/
Information

A database of publications and e- hitps)/www.nature.
Scitcable textbooks from Nature, a Brtish jouwrnal — comyscitable’
publishing research in the natural sciences

It 15 Ouford University Press's academnc  hitps./academic.
Oxford Academic  research platform that grves you access to  oup.com/
over 40,000 boeks and 500 joumals
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Analysis of the articles revealed a language barrier: students in the Kazakh
group found working with information in English time-consuming and prone to
loss of concentration. At the same time, we noticed that there are few information
resources in Kazakh language for teaching genetics. However, the importance of
video presentations for learning a format in which information is easily perceived
by students can be seen from the survey results presented in Figure 3. Students
will benefit regardless of whether the video is in English or another language

Texthooks 15%

Srcientific articles 13%

Video-lectatres 3%

Audio content 4%

Interactive platforms

3
‘ BE

Presentations 22%

0% 5% 10%, 15% 20 25 30% 350

Figure 3 — Students' choice of format for receiving information

H. Hunter et al. demonstrate the effectiveness of electronic visual materials in
students’ perception of information in finding solutions to some difficulties arising
from the abstract content of genetic concepts [1]. However, D.L. Newman et al.
note that the volume of genetics videos is large and most of them offer a passive
form of information transfer. Videos centered on published questions and real-life
situations, designed by the authors to actively educate resource users, develop
students’ [15] research abilities. YouTube is a repository of open-access videos
across various fields. It is a global platform used in formal and informal education.
Demonstrations of platform experiments in genetic education can help meet some
laboratory needs. Offers lab demonstrations on topics such as genetic cloning,
DNA extraction, DNA barcoding, CRISPR. Video visualizations accompanied by
graphics and animations help to understand the mechanisms of heredity. There is
also an opportunity to listen to podcasts on various topics of interest, such as: ‘Can
we cure genetic diseases by rewriting DNA?’, “Environment and its impact on our
genetics”, etc. The implementation of this network in the educational process has
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been successfully applied to blended learning [16], Flipped class [15] and online
learning [7] methods.

The student survey asked the question, “What YouTube channels are you
subscribed to while studying genetics?’. Most students (83%) reported that they
watch any video that appears in search results, while the remaining 17% subscribe
to specific channels related to studying genetics. The results of the analysis of
students’ choices and channels are presented in Table 2. Due to the small number
of channels in Kazakh, the list includes channels created by official commercial
and non-commercial organizations, in Russian and English.

Table 2 — List of YouTube channels recommended for use in genetic education
at different levels

Content Name of the channel Source of iInformation
. Eazakh dubbed versions of English
Gulzha] ]J:’Z_KEM]G;E videos on molecular biology
Students’ Cholce ’
Explanatory videos related to
1 Qaz _mEEd Lh lmman  anatomy and melecular
= mechanizms
Cor Medical Covers all topies related to medical
langmage: Fussian biology
Ehan Academy Russian Lectures on the basies of geneties
lanzuage: Russian and molecular liology/zenstics
. Based on research by Mature and
N““"“_“"E”i:h other leading scientific journals
Research-based mixed EUAge: SoE from MNature's research portfolio
format
Cixcford Academic {}xfund. f’l.{:a.demic's uﬁ:'!cial
(Oxcford University a{:a.dan:.uc "Luu'['?lbe channel 15 a
Press) 3d vide - collection of video lectures amd
Bz ) by ?:h demonstrations by leading experts
language: Englis and academics m a vanety of fields
A research and education group that
The wt develops and ressarches
1 Em;:anm].Eh technologies 1n varous scientific

fields
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BIO CPM A set of videos supported by the
Molecular biology Department of Biclogy, EF Centre
language: Fussian for Teaching Excellence.

Genetic ensinesnng
InternstUrok m ]J:;fi:llic}:lm :;':’hmt videos on the
language: Fussian Fies ol genehes
Channel of a non-profit
Ehan Acadenyy orgamzafion  contalming  wideo
language: Fussian lectures on the basics of classical
genetics and molecular genetics
Genomies Education A collechion of onhine senunars and
Programme specially produced videos
language: English supported by WHS England.
BioNetwork
language: English BioNetwork offers high quality

Lectures and podeasts

Innovative Genomics

sclence Instctional videos that can
be used as preparation for lab work
of as a post-lab analysis tool.

The Insttute for Innowvatve
Genomics (IGT) 1= a jomt research
mmstitute of the University of

Institute — IGI Cabiforma, Berkeley and UCSE.
language: English This YouTube channel features the
latest educational matenals on
hology and CRISPR-Cas? genome
ediing technology.
BN Molecular Biology and Genenics
Hennk's Lab
- _ offers short scientific lectures and
language: Englich instructional videos on any topic
The Jackson The Jacksen Laboratory iz the
Zenehic laboratones Labeoratory official channel of the non-profit
language: English biomedical research center
Lo 35 B Lt
language: English :

discoveries In genetics

When teaching genetics for both scientific and non-scientific specialties,
sources of different levels can be used depending on the scope of the topic and
the depth of study. As the survey results presented in Figure 3 show, interactive
platforms as an information format are popular among students. Today, the use
of modern digital technologies to process large amounts of genetic information is
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evident in the variety of large-scale information platforms created collaboratively
by genetic programs and companies [ 16]. However, there are very few scientifically
based websites and portals in Kazakh that cover a variety of genetic topics and
include animations. Therefore, today educators need to adapt foreign-language
resources to the Kazakh language and introduce innovations. For example, the
portal ‘Genome, Discovering the Life Code’ contains lesson plans and educational
information for students and teachers on topics in various areas of genetics.

Conclusion

Electronic resources provide students with the opportunity to access
large volumes of information and utilize a wide range of tools. They can stay
informed about the latest scientific developments, work with online databases,
and deepen their understanding through software tools designed for analyzing
genetic data. Keep up to date with the latest current trends and develop practical
skills. However, students’ skills in working with scientific databases need to be
developed. Therefore, the research paper presents databases and websites that are
convenient to use at any time.

One of the advantages of using information technology in teaching genetics
is interactivity. Electronic resources offer interactive tasks that allow students
to analyze information and draw conclusions in a virtual laboratory. This helps
students develop critical thinking skills when working with genetic information.
Consequently, continuous development of technology and knowledge content is
required to increase the potential of e-resources in genetics teaching.
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K. Capmbaesa’, H. Ozkan’, K. Epmexbaes’

3], XKancyripos ateiaarsl JKeTicy yHUBEpCHUTETI,

Kazakcran Pecmry0Omnmkacel, TanapIkopraH K.

YykypoBa Yuusepcureti, Typims Pecriyonukacel, Ajana KK.
01.10.24 k. 6acmara TYCTi.

18.10.24 k. Ty3eTyIepiMeH TYCTI.

27.11.24 x. 6achII mbFapyFa KaObUTTaH b

«BHOJOT'Us» dKOHE «cATPOHOMMUA» MAMAHIBIKTAPBI
BOUBIHIIA CTYAEHTTEPAIH TEHETUKA CAJTACBIHJIAFBI
AKHHAPATTBIK CAYATTBIIBIFbI

byeinei manoa yugpneix mexnonozusnap oinim 6epyoiy axceipamac
beicine atiHanobl. Ocipece HAKMBLILIK NEH MEeXHOIOSUSIIBIK KOIOAYObl Kadicem
ememiH 2eHemUKa CUSIKINbL HCAPAMBUILICIAHY 2bLIbIMOAPbL YIUIH AKNAPAMIMbIEK,
MEXHONO2UANAPObIH UHMEeZPAYUACHL MAHbI30b1 POJl amKapaosl. by makanaoa
cmyoeHmmepOoiy 2eHemuKa NoHIH 0KyO0a aKnapammslik, MexHOA02UsIapObl
KOJNOAHyMeH KAHWATbIKMbL Mansic exenoiei anvikmanosl. Cayainama
Hezi3iHOe OLiM anyubliapObly 0Ky madicipubenepine Kapamacman (1-4 kype
binimeepzepnepi apcvlHOa) aKnapammblk Cayammoliar OeH2euiHiy momMeHOI2IH
anaapowik. Cmyoenmmepoin bacvim beniei Google srcorne Anoexc aknapammul
i30ey Jicytienepindeci aknapammuolk caummapobl HeeHLi 9pi me3 aknapam Kesi
peminoe Kapacmulipbln, Heeizel aknapam Ko3ine atHaniobipysl 9poaibim mepey
myciHik nen Oinim Kaneinmacmeipa depmetioi. Cmyoenmmepee Ke30ecemin
Mocenenep HaKmbl abLIbIMUL AKNapam Ke30epin i30ey, bazanay jdcoHe manoay
CUSIKMbL AKNAPAMMbLK CAyammbliblk KOMROHeHmmepimen bainanvicmol. byn
aHcymbicma 613 0cbl Mocene OOUbIHUIA 2bLIbIMU 90ebuemmepoi KapacmuipobIk,
JHCOHE 2eHeMUKA CanacbiHOaeabl Oitim bepy mocipubecin scemindipemin 6eo-
caummapobvl, BUPMYaiI0bl UbIHOLIKIMAPObL HCOHE AKNAPAMIMBIK, PeCypCmapobl
yculHObIK. Pecypecmap cananvl masmyHaa mypakmol KOJI#CemiMOLiKmi
KAMMAamacwl3 emy apkulibl CnyOeHmmepoiy Ky3vlpemminicin apmmuipy2d
bazeimmanaar.

Kinmmi co30ep: axnapammbix, cayammulibiK, aknapammbIk mexHoIoSUsiap,
2EHEMUKATILIK OLLiM Oepy, 2NeKMPOHObL Pecypemap, YUMPIbIK MexXHOI02Us.

K. Capmbaesa’, H. Ozkan’, K. Epmexbaes’
I9Kerpicyckuit yausepcurera um. M. XKancyryposa,
Pecny6nmka Kazaxcran, . Tamapikopran

*Yuusepcutetr Uykypona, Typerkas PecriyOnuka, . AnaHa
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NH®OPMAIIMOHHASI TPAMOTHOCTD CTYJAEHTOB B OBJIACTH
TEHETHUKU: UCCJIEJOBAHUE HA ITIPUMEPE CHEIIUAJIBHOCTEM
«BHOJIOI'US» U «cAT'POHOMMS»

Ce200mHs1ughposble MexHON0UL CIATU HEONMbEMTIEMOU YACHILIO OOPAZ0BAHLL.
Hnmezpayust uHGOPMAYUOHHBIX MEXHONOSULL USPAET. BANCHYIO PO, OCOOEHHO
051 TAKUX eCTNECINBEHHbIX HAYK, KAK 2EHEMUKA, KOMOpas mpedyen moyHOCmiL
U MexXHONo2UHeCKoL noddepoicku. Mlcxoos uz peuiarowe2o poib 2eHemu4ecKo2o
00pazosams, OGHHAS CMANbS HANPAGTIEHA HA OYEHKY HABbIKOG VUAUUXCS 8
P PeKmuUBHOM UCNOTLI0BAHUY UHCTNPYMEHNOB INEKIMPOHHO20 00YUeHUs &
cospemenHom obpazosamensHom anowagme. Ha ocrose anxemmoco onpoca
Mbl OmMMEMUIU HUSKULL YPOBEHb UHPOPMAYUOHHOU SPAMOMHOCIU CINYOEHMO8
He3a8UCUMO Om 2004 00yueHls (cpedu cnyOoenmog 1—4 kypcos). Tom ¢haxm, umo
OOTLLUULHCINGO CITYOEHINOB PACCMATPUBAION UHDOPMAYUOHHDIE CALIMbI 8 IOUCKOBbIX
cucmemax Google u Yandex kax neekuti u Oblcmpblti UCHIOYHUK UHGOpMayuLL U
0e/arom UX OCHOBHBIM UCIIOYHUKOM UHGOpMayuL, He 6ce20a ghopmupyem 2yooKoe
noHUManue u 3Hanus. [Ipobiemvl, ¢ KOMOPbIMU CIMATKUBAIOMCS CHTYOEHMbI,
CEA3AHBL C MAKUMU KOMNOHEHIMAMU UHDOPMAYUOHHOLL SPAMOTHOCI, KAK HOUCK,
OYEHKA U AHAIU3 KOHKPENHbIX HAVYHBIX UCIOYHUKO8. B dankoil pabome Mol
UBYHWIU HAVYHYIO TIUMEPAmypy no OAHHOLL npobieme 1 npedcmaguiu HOOOOPKy
6e0-Catinos, BUPIMYATLHBIX PEATLHOCTEL U UHPOPMAYUOHHBIX PECYPCO8, KOMOpbie
VIVHUIAIOm 00PA308ameTbHbILL ONbIN 8 00IACHIU 2eHemuKy. Pecypcbl HanpasieHyl
HA NOBbIUIEHUE KOMPEMEHYUIL YUAWUXCS HymeM HPe00CHa6TeHUs. HOCIMOSHHORO
00CIYNa K KauecmeeHHOMY KOHINEHINY.

Kouesvie cnosa: ungpopmayuonHas pamomnocmy, UHPOPMAyUOHHbIe
MEXHON02UY, 2EHEMUYeCKoe 00PA30BaHUE, INEKMPOHHbIE PECYPChbl, YUGpossie
MEXHONO2ULL.
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