DOI 10.31489/2022Ec2/41-47
JEL: Al12
UDC 338.246.028

D.K. Ilyassov'’, G.A. Raikhanova’

'Narxoz University, Almaty, Kazakhstan
ZKaragandy University of the name of academician E.A.Buketov, Kazakhstan

!didar.ilyassov@narxoz.kz, *gulnurraihanova@mail.ru
"https:/forcid.org/0000-0001-6150-6492, *https://orcid.org/0000-0001-5355-4590
Scopus Author ID: 57197807219,

'Researcher ID: AHC-1814-2022

The challenges in using economic big data analytics in higher education

Abstract

Object: To identify key challenges in using Big Data technologies in public administration of education.

Methods: A grouping method of research OLTC (opportunities, limitations, trends and challenges),
survey, structural equation modeling, confirmatory factor analysis.

Results: This study highlights the importance of big data analytics adaptation for organizational perfor-
mance mediated by knowledge management. The theoretical concepts of Big Data Analytics are building up
with new challenges. In particular, Big Data Analytics application in education has its own further develop-
ment issues addressed for decision-making and problem solving of public administration.

Conclusions: This study outlines the priority directions how to apply Big Data Analytics in education
administration at higher education institutions (HEI) in Kazakhstan.

Keywords: Big Data, Big Data Analytics, prediction analytics, student performance management.

Introduction

Nowadays, the data as resource should be analyzed effectively and rapidly. Even the sources of infor-
mation itself are becoming so broad and big, bringing people to the term of Big Data. The ‘Big Data’ term
emerged in mid-1990s, meaning large, complex and changing collections of information. ‘Big Data’ mostly
exceeds the conventional capacity of traditional databases of organizations (Weiss and Indurkhya, 1998).
During past many decades the power of organizations are increasing hundreds times leading to increase of
data as well. It was investigated that by 2020, around 1.7 megabytes of new data will be created each second
for every human on the Earth. After that, our universe will have accumulated in it 44 trillion gigabytes of
data (McAfee and Brynjolfsson, 2012).

Education system around the world is facing with big data and data analytics as a new field to study. In
particular, twofold use of data analytics might be highlighted as decision making for education administra-
tors and teaching for teachers.

Service sector in Kazakhstan is competitive comparatively with other sectors of economy. Meanwhile
Kazakhstani Education System might be highlighted as one of the rapidly developing service industries. Ed-
ucation institutions are dealing with different problems, as well as with the question how to improve their
services to meet customer needs.

This study highlights the importance of big data analytics adaptation for organizational performance
mediated by knowledge management.

Materials and Methods

This research is mostly focused on Big Data challenges and opportunities. More specifically, Programs
in R and Python are used as the most popular Data Science languages. These Models in Data Science solve a
wide range of problems as following: Human resource planning, client retention, improving performance
indicators, etc. Moreover, Big Data Analytics in Education plays a crucial role in sustaining future growth in
terms of uncertainty and changes. Today, automated activities everywhere — camera or scan usage, satellite
TVs, distance education, robot usage are an evidence of New Trends.

Big Data is increasing tremendously during recent years. Powerful computers, mobile phones, telecom-
munication systems make them to rise day by day. Enterprise Data, VoIP, social media, sensors, and devices
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increase Big Data by above 50 times. It is obvious being lost among them. Figure 1 illustrates the trends of
knowledge gap and execution gap increase. The increase of available customer data overtakes analytic and exe-
cution capabilities with the big lags. Hence, the widespread use of Big Data technologies is unavoidable.
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Figure 1. Knowledge and Execution Gaps

Note — Taken from the source (Cprime An Alten Company, n.d.)

The prior decade is described by launching of new digital technologies reshaped the concept of Big Da-
ta Analytics. The global social network emergence leads to the new network-related prediction models and
targeting strategies on the consumer needs.

The detailed consumer data is going to rise. IT People even may derive the actionable insights by using
various types of tools. Big Data analytics are becoming necessity for enterprises adding more value and
smart insights. From this point of view, Data Analytics is building decision-making models added precious
value by information employment.

New Big Data is also increasing for monitoring the educational systems inspiring to use new technolo-
gies in the design and delivery of public services. Due to this context, looking forward for 10-30 years, the
policymaking and monitoring of education is going to make a tradeoff between rationality and the risk of
creativity in using a big amount of data.

Overall, the theoretical framework of Big Data Analytics is still building facing with new challenges
and limitations. Thus, Big Analytics is still unknown or unclear. Nevertheless, some significant attempts to
adopt Big Data Analytics in education are already done. The combining of such studies are challenging and
adds a great value as a scientific value for this study.

Literature Review

For many years, researchers in education system used a small amount of data due to limited tools of
gathering and analyzing data. The commonly used surveys and interviews have a limited interpretative pow-
er and latency validity (Daniel, 2017).

The new technologies of Big Data Analytics supply possibilities for students to deal with transactional da-
ta. The further development of Big Data Analytics enhances the relationship with strategic decision-making.

The problem of working with big data in education is obvious. The following questions, as in adapting
Big Data Analytics, remain in front of employees: Why, How, What, How to evaluate. The simple answer to
them might be having comparable datasets in the world. These datasets can be standardized, have common
methods, tools, traits. Because of this trend, the theoretical framework of Big Data Analytics continues to
develop (Lane, 2019).

In combination, big data and innovative teaching process may be applied in improving making deci-
sions, sharing insights, discovering new things, and optimizing and simplifying the processes of learning. It
is possible to implement thematic analysis to build a model for higher institutions to control their plan on big
data application (Miftachul et al., 2016).

The role and value of Big Data analytics remain in Phases of Big Data Analysis: descriptive, predictive,
and prescriptive (Tulasi, 2013). Similarly adhering phases of Big Data Analysis, Mohsen et al. (2018) of-
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fered a special model for the concept of using analytics in higher education. In this study, student life cycle
and analytics category are related as follows: Pre-student — descriptive, predictive. Student — predictive,
prescriptive. Post student — prescriptive, descriptive. The main issue that Big Data Analytics may face is
student retention in higher education institutions.

During Big Data Analytics application, the next key factors are important to consider: 1) Vision and
Plan; 2) Scalability; 3) User-friendly interfaces; 4) Up-to-date; 5) Real-time collaboration; 6) Quick installa-
tion, maintenance, and upgrade; 7) Reliability and security. These technical issues have to be under concern
of education institutions (Mohsen et al., 2018).

To teach Big Data Analytics at universities, some studies develop its curricula and programs. Ines Mergel
(2016) suggests 13 modules for a big data syllabus that extend Mason’s PAPA model of ethical considerations
for the information age. According to Mason’s PAPA model, there are four types of data dimensions: privacy,
accuracy, property, accessibility. The author also adds that the contemporary dimensions of data are the ethical,
technological, process, organizational and institutional change, and analytical dimensions.

As an importance of Big Data Analytics for education administration and modernization answers on
“How advances in big data are likely to transform the context and methodology of monitoring educational
systems within a long-term perspective (10-30 years) students’ privacy, educational equity and efficiency,
student tracking, assessment and skills?”” (Berendt et al., 2017). These questions are considered for education
modernization.

Big Data is a new phenomenon in education; its conceptual relevance, challenges and limitations are
unknown (Daniel, 2017). Therefore, some studies argue against Big Data in education. The opportunities,
limitations, trends and challenges (OLTC) of Big Data Analytics are grouped as follows:

Opportunities:

— predicted academic success of students (Mergel, 2016);

— prognostic analytics can be used in digital courses (Mohsen et al., 2018);
— amount of information in education (Daniel, 2017);

—advanced clustering techniques (McNeely & Hahm, 2014).

Limitations:
— privacy issues (Mergel, 2016);
— limited to correlation and predictive models (Daniel, 2017).

Trends:
— digital Human Planning (Ashraf, 2020).

Challenges:

— forecasting, decision-making, resource allocation, performance (Mohsen et al., 2018). To conclude,
the challenges of Big Data analytics lead to necessity of building a conceptual framework of Big Data Ana-
lytics in education.

The impact of BDA application to organizational performance is based on resource-based theory which
stands for organizational performance dependence on contributed resources. In addition, BDA provides
competitive advantages to enhance organizational performance. To improve organizational performance
companies increase knowledge through BDA adoption. However, some studies state a partial mediating of
knowledge management between BDA adoption and organizational performance (Shabbir & Gardezi, 2020).
Figure 2 provides such relationship stated for HEI in Latin America (Sekli & Vega, 2021).

Knowledge Management Processes
-Acquisition
H2 -Dissemination H3
-Utilization
H 4
. . . H1 Organizational
Big Data Analytics Adoption N Performance

Figure 2. The interdependence of variables based on theoretical framework (Sekli & Vega, 2021)

Note — Compiled by authors on the basis of (Sekli & Vega, 2021)
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It is reasonable to test the importance of BDA adoption and knowledge management for Kazakhstani
HEIs’ performance.

Results

65 members of Narxoz University were surveyed to test these hypotheses. The structural equation mod-
eling as the data analysis was applied. Table 1 presents the confirmatory factor analysis results. All four hy-
potheses are accepted.

Table 1. Results of hypotheses tests

Hypothesis Standard error p-Value Result

H1 0.161 0.009 Accepted

H2 0.261 0.003 Accepted

H3 0.051 0.0005 Accepted

H4 0.365 0.001 Accepted
Note — Compiled by authors

All accepted hypotheses highlight the importance of big data analytics adaptation for organizational
performance mediated by knowledge management.

Discussion

The modernization of public administration by the use of Big Data new technologies is broad. Today,
the importance of Learning Analytics is growing up. Learning Analytics improves student success and reten-
tion to educational institution. Examples of that might be massively open online courses (MOOCs), dash-
board applications, predictive modelling, E-learning, etc.

One of the models of Learning Analytics is the Rasch model. It is used as the framework to analyze
and somehow differentiate the students’ performance and abilities with their response to a test. This whole
paradigm is named as IRT, which stands for Item Response Theory (Zachary, 2017).

The important feature while analyzing Big Data is to use framework that utilizes the principle of Six
Sigma (SS) at one of the public universities in the US. This framework was established and organized to im-
prove the success of every particular student (Chad et al., 2017). Also, the concept of DMAIC (define, meas-
ure, analyze, improve and control) methodology is used for incorporation of the principles of Big Data.

Open Data and Big Data are intensively used in the education processes applying new methodology and
tools considering the conventional challenging issues and proposing innovative solutions, as well as new
prospective solutions in the education (Drigas & Leliopoulos, 2014).

In general, the variety and wide application borders of Big Data lead to many dimensions. Firstly, it is
started from 3 Vs (volume, velocity, variety). The range of applicability of Big Data is something that can be
developed in any direction and the importance of this issue is another challenging task that should be tackled.
Figure 3 depicts the 3 Vs of Big Data as the early attempt of measuring Big Data.

VOLUME
The size of data

VELOCITY
Data circulation

VARIETY
The types of data

Figure 3. 3 Vs of Big Data

Note — Compiled by authors on the basis of (Daniel, 2017)

44 BecTHuk KaparaHgmHckoro yHusepcurteTa



The challenges in using economic...

To understand the concepts of the 6 Vs, Ben Daniel (2017) reflects in his work the following terms:
Volume, Velocity, Veracity, Variety, Validity, Value (Figure 4).

In 6 Vs conceptualization of Big Data characteristics, Validity and Value were added as additional di-
mensions in Figure 4. Validity shows rightness of the used data. Value means statistical, hypothetical, corre-
lation and modelling significances.

VELOCITY

Data circu-
lation

VOLUME VALIDITY

The correct-
ness of data

The size of
data

6 Vs of Big
Data

VALUES

VARIETY

Statistical
The types of significance,
data VERACITY models

Availability

Figure 4. 6 Vs of Big Data

Note — Compiled by authors on the basis of (Daniel, 2017)

Big Data Analytics is employed at least in two directions such as a new course at universities, and a tool
in public administration of education. In the case of many studies, Big Data Analytics helps to retain students
at higher education institutions. The problem of dropping courses occurred at universities around the world.
In the case of Kazakhstan, the drop of courses at universities needs to be studied as a gap for further re-
search.

In summary, Big Data is evolving and its concept of theoretical framework is building up too. Particu-
larly, Big Data and its analytics study in education in Kazakhstan are relevant. The main reason of that is the
lack of research outputs demanded by market. It can be also explained by a lag of real data use in education.

Conclusions

Nowadays, automated activities are everywhere in the world exemplifying the New Trends ranging
from camera or scan usage, satellite TVs, distance education to the use of robots.

To comprehend the learning patterns and behaviors of students, to make strategic policies, the special
institutions or governments are implementing EDM/LA. Educational Data Mining (EDM) and Learning
Analytics (LA) described some similar tools, which are beneficial and useful to researchers, professors, ad-
ministrators, and students by investigating the behavioral patterns of the students (Ray & Saeed, 2018).

More specifically Annapoorna Manohar et al. (2019) focused on assuming the university ranks employ-
ing forecasting about mining technique. For instance, as a model of Student Performance — the prediction
and analysis showed several factors which pre-empted the probability of a success of a university student.
Microsoft SQL Server Data Mining Add-ins Excel 2008 is a tool which can give assumptions on which uni-
versities can have special corrective measures to improve the quality of education and increase the benefits
of faculty towards people. MongoDB; Hadoop; MapReduce; Orange; Weka; SAP HANA are top open
source tools in Data science (Sin & Muthu, 2015).

These technologies mentioned above are useful to apply for big data. There are many big data sources
in global and local contexts. These databases open new challenges and opportunities for development.

In summary, Big Data technologies and sources are used in all spheres of the economy including educa-
tion sector, where the information is becoming large.
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The theoretical framework of Big Data and its analytics continues to evolve. There is a lack of criti-
cisms of theory and models limited with startups. Exact theories and models do not exist yet. In particular,
Big Data Analytics in education is just absorbing new technologies to use.

COVID-19-related global crisis enhanced the use of Big Data Analytics in terms of online teaching and
working at home. Education policy makers over the world have been forced to use different big data tech-
nologies towards data-driven decisions. The increase of data size, data driven decisions, and development of
new technologies lead to over popularity of Big Data Analytics for all industries including education system.
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Bijim 0epyai MmemiiexeTTik 6ackapyaa
Big Data TexHoI0THAIAPbIH NAMAAJAHYAbIH KHBIHABIKTAPbI

Anoamna

Maxcamor: ByriHri KyHi YJIKeH NepeKTepliH Tapalybl NEpeKTepil >KHHAY MEH TaJlayAblH jKaHa MoceselepiH
KapacThIpy apKbUIBI JKbIJIAaMbIpaK KO3FAIyIbl TAJIAll €Tedi. 3epTTEYAIH HEeri3ri MakcaThl — OUTiM Oepyai MEeMIIEKEeTTIK
Oackapyna Big Data TexHOJIOTHAIApBIH KOJMAAHYIAFBI HET13T1 MOCEeNep/Ii aHBIKTay OOJBIN TaOBLIaIbI.

9dici: MUITK (Mym™mKiHIiKTEp, IIEKTEYIEp, TPEHATEP KoHe KUBIHABIKTap) Big Data Analytics TeopHsUTBIK mamy
OarbITHIH KaMTaMachl3 eTeni. COHBIMEH KaTap, OyJI MaKaiasa KeTeKIli YHUBEPCUTETTEPIC YIIKSH MEPEKTEeP i Ty bl
XaIIBIKApAIBIK KOJMJaHy HeTi3iHae OimiM Oepyae HOepeKkTepli Tanmayldsl KOJIAHYIBIH TYKBIPEIMIAMAIBIK Heri3i
ycuiHbUTFaH. Big Data Analytics Oimim Oepy *yieciHaeri MeMIIeKeTTiK Oackapya >koHe OuTiM Oepy MekeMmenepiHaeri
OKy KypChl peTiHIe €Ki penl arkapaisl. ByTiHIl TaHOa HOEpeKTepIiH KoJieMi aHAJMTUKAaHBIH apTTa KadybIMeH
alirapipIkTail ecyne. byi 3eprrey ynkeH naepexTepai Tanmay MeH OimiMal Gackapy apKbpUIbl YHBIMHBIH JKETICTITi
apachIHIarbel OaiaaHbeICThl OekiTTi. Ochl rumore3anapabl Tekcepy yimiH Hapxo3 yHuUBepcHTETiHIH 65 KbI3METKepiHEH
cayaimHaMa ajbIHIbL. KYPBUIBIMABIK MOJICNBICY JKOHE PACTANTHIH (DaKTOPINBIK Talgay OuTIMII OackapyMeH Ieal
OoJiFaH YUBIMAACTHIPYIIBUIBIK THIMIUTIK YIIH YJIKCH NEpeKTepi Talaayabl OeHiMACyIiH MaHBI3IBUIBIFBIH TEKCEPY
YIIiH KOJAaHBLIABL.

Kopvimeinoer: Big Data Analytics TeopMsUIBIK TY)KbIpbIMIAMaiapbl oi e KaHa Mocejelep MEH ChIH-
TereypiHgepre Kapchl 3aMaHayH TEXHOJIOTHSIIAPIBI €HTi3y apKbUIbl KalblTacyaa. Atam ailTkanaa, oM 6epyneri Big
Data Analytics KommaHyABIH OHaH 9pi JaMy Mocelnernepi Oap, onap ma menrimaep KaObuigayra jKOHE MEMIICKETTIK
0acKapy MiHIETTEPiH MICIIyTe KYMCaaIbl.

Tyorcoippimoama: Hotmwxkecinae ocwkl 3epTreyae KazakcTaHHBIH KOFapbl OKY OpBIHIApBIHAA OimiM Oepyai
6ackapyna Big Data Analytics KonmaHyIbIH 6acbkM OaFbITTapbl OCNTiICHIeH.

Kinm ce3oep: Big Data, Big Data TexHomorusiapsl, 00/bKayasl Taaay, CTyISHT YATepiMiHiH MEHEKMEHTI.

J.K. Unbsicos, I'.A. PaiixaHoBa

I[Ipo6aemMbl HCI0JIL30BAHUS TEXHOJIOTHA 00JIbIINX JAHHBIX
B rocyJ1apcTBEHHOM YIIpaBJIeHUH 00pa30BaHueM

Annomauyus

Ilenv: OCHOBHOHM LIENIBIO JAHHOT'O HCCIICJOBAHUS SIBJISCTCS BBISBICHHE KIIOYEBBIX MPOOJIEM B HCIIOJIb30BAHUU
TEXHOJIOTH OOJIBIINX JaHHBIX B TOCYAapPCTBEHHOM YIIPaBJICHUH 00pa30BaHUEM.

Memoowi: OLTC (BO3MOXHOCTH, OTpPaHWYEHHs, TEHACHIIMN U NPoOJIeMBbl) 00eCIIeunBarOT MyTh TEOPETHIECKOTO
Pa3BUTHSI aHAMTHKHN OOJBINUX AaHHBIX. KpoMe TOro, B 3TOH cTaThe MpeiosKeHa KOHIICTITyalbHas OCHOBA MPUMEHE-
HUS aHAJIMTHKYU JAHHBIX B 00pa30BaHUM Ha OCHOBE MEKIYHAPOIHOTO UCIIONB30BAHUS aHATUTHKY OOJBIINX TAaHHBIX B
BEIYIINX YHUBEPCUTETaX. AHAIUTUKA OONBIIMX JAHHBIX WTPACT MBOSKYIO POJIb B TOCYAaPCTBEHHOM YIIPABICHUH B
crcTeMe 00pa30BaHMs U KaK yUeOHBIN Kypc B 00pa30BaTeNbHBIX yupekaeHusX. CeroqHs 00beM JaHHBIX CTPEMHUTEIHLHO
pacTeT, BBICOKUMH TEMIIAMHU OIlepeXxasi peajJbHOCTh 33 CUET OTCTaBaHUS MX aHAIWTHKU. B TaHHOM HCCIIeIOBaHUH yT-
BEpKICHA B3aWMOCBSA3b MEXKAY aHAJTUTUKOW OOJBIINX JAHHBIX M YCIIEXOM OpPTaHM3ALNH ITOCPEACTBOM MEHEIKMEHTA
3HaHWH. J[JI IPOBEPKM ITHX THITOTE3 OBUTH OMPOIICHBI 65 COTpyAHUKOB yHUBepcutera Hapxo3. CTpykTypHOE MOJIe-
JUPOBAHNE U MOATBEPKIAIOMNK (HaKTOPHBIN aHAN3 IPHIMEHSIOTCS JJIS IPOBEPKH 3HAYUMOCTH aIalTallii aHAJTUTHKH
OONBINX TaHHBIX IS OPraHU3AIMOHHOHN 3((EKTUBHOCTH, OTIOCPEAOBAaHHOH yIIpaBICHHEM 3HAHUSIMIL.

Pesynomamor: TeopeTndyeckue KOHIENIMHM aHAIUTHKM OOJBIIMX JaHHBIX BCE emle (OPMUPYIOTCS IyTeM
BHEJIPEHHS COBPEMEHHBIX TEXHOJIOTHH C IICOJIeIyIOIMMHI HOBBIMHU IpoOJieMaMH M BbI30BaMHU. B wacTHOCTH, IprMeHe-
HUC aHAIUTUKYU OOJBINUX JAHHBIX B 00Pa30BaHUU HMEET CBOU BOIPOCH NANBLHEHINICTO Pa3BUTHSI, 3aTPAariBaeMbIC TAKKE
JUTS IPUHATHS PEIICHUHA U PEIICHUS 3a]1a9 TOCYAaPCTBEHHOTO YIIPABICHUS.

Bwi6oowi: B pesynbraTe B JaHHOM HCCIICOBAHUU 0003HAYCHBI IPUOPUTETHBIC HATIPABJICHUS IPUMCHCHHS aHAJH-
THUKY OOJIBIITNX JAHHBIX B YIPaBIEHUH 00pa30BaHUEM B BBICIIMX YUEOHBIX 3aBeIeHUAX (By3ax) Kazaxcrana.

Kniouesvie cnosa: 6onpine NaHHBIE, aHAJTUTHKA OOJBIINX NAHHBIX, AaHATUTHKA MPOTHO3WPOBAHIS, MECHEDKMEHT
YCIIEeBaEMOCTH CTYICHTA.
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