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INTELLIGENT DATA ANALYSIS USING ARTIFICTAL NEURAL NETWORKS
FOR DECISION MAKING IN THE EDUCATION DOMAIN

Nowadays, applying educational intelligent data analysis (EIDA) seems relevant for improving the educational
process based on big data. It implies developing and improving the methods of processing collected data in educational
institutions to understand academic issues better. Over the past decades, artificial neural networks (ANNs) have been
recognized as the most prominent techniques for learning analytics. In this work, we systematized the recent scientific
literature in EIDA with ANNs. The paper analyzes the applications of ANN to EIDA and discusses the computational issues in
the EIDA domain. According to the investigation, most educational data mining tasks are addressed by controlled learning models, such
as classification, regression, and time-series prediction. Most in-depth methods used in the EIDA domain are traditional types
of ANN. Well-known techniques such as multi-year perceptron and deep long short-term memory networks have been mainly
used for classification and prediction tasks within the education sphere. However, the difficulty of interpreting the results
produced by ANNs has also been a challenge for intelligent data practitioners in any domain, including education.
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XMeNbHULBKUI HalllOHATIBHHUIN YHIBEPCUTET

IHTEJIEKTYAHBHHVI AHAJII3 JAHUX 13 BUKOPUCTAHHSIM IITYYHUX
HEWPOHHUX MEPEX JJIS1 HPUUHATTSA PIIIEHD Y COEPI OCBITH

Ha cb0200Hi 3acmocysaHHst Memodie IHmesiekmyaabHo20 aHanisy daHux y cdepi oHAaliH ocgimu 8UAAEMbCSI AKMYAAbHUM 0151
800CKOHA/IEHHS HABYA/ILHO20 Npoyecy Ha OcHosl eeaukux daHux. Takuill nioxio nepedbauae po3pobseHHs: ma 800CKOHA/EHHS Memoodis
06po6./ieHHs1 3I6paHux O0aHUX Yy HABYA/AbHUX 3aKAA0AX, w06 Kpawe 3posymimu akademiyHi npobsaemu ma 3ae80aHHs. 3a OCMAHHI
decsimuaimmsi memod [HMe/AeKMya/abHO20 aAHAAI3y OQHUX, Nid HA36010 WMYYHA HEUPOHHA Mepedcd, GU3HAHO HAUKpawum O04s
piZHOMaHIMHux 3a80aHb aHaaimuku. Y yiti po6omi npogedeHo cucmemamu3ayito HewjodasHboi Haykosoi Aimepamypu ujodo 3acmocy8aHHs
Memodie iHmeeKmya/abH020 aHANi3y 0aHUX 31 WMY4YHOI HElUPOHHOK Mepedicero 8 2aay3i oceimu. Y pob6omi aHANI3yHOMbCsl 3aCMOCY8AHHS
iHgpopmayilinux mexHoso2ili Ha OCHO8I WMy4HUX HeUPOHHUX Mepexc 00 po38’sA3aHHs akademiyHux 3asdaHb ma 062080pPHIOMbCS
06yucaeanbHi npobaemu 8 2aaysi oceimu. 3 2018 poky eidbysasnocsi cmpimke 3pocmanHs Kinbkocmi ny6aikayitl i3 8uKopucmaHHsam
WMy4HUX HelipoHHUX Mepeic. [los08uHa po3aasaHymux pobim 6yaa ony6aiKo8aHa amMepuKaHCbKUMU YCMAaHo8aMu, modi K KOjXcHy mpemio
cmammio ony6aikosaHo 8 asiamcbkux KpaiHax. BidnogidHo do pe3ysabmamis aHanizy 6cmaHoes1eHo, wo oceimHui daHi Halluacmiwe
p038’a3ylombcst 3a 00NOMO02010 KOHMPOAbOBAHUX HAGYANbHUX Modesell. BooHouac y eaysi ocgimu Halluacmiuie mpanasiomucsl 3a80aHHs
Kaacugikayii, pezpecii ma npozHo3ysaHHs uyacosux psdie. Y po6omi eusHaveHo, wjo mpaduyiliHi munu WmMy4HUX HeUpPOHHUX Mepexc
Hatiyacmiwe sukopucmogylomucsi 0415 06pobaeHHs1 ma aHaaizy davux eaaysi oceimu. Bazamowapogull nepyenmpoH ma HeUpoHHA
Mepedxca 3 0082010 KOPOMKOYACHOK NAM 'SIMMI0 8UKOPUCTMOBYIOMbCS NepesaxcHo 044 3aedaHb Kaacugikayii ma npozHosysanHs. Bmim
cKAadHicmb iHMepnpemysaHHs pe3y/ibmamis, OMpUMAHUX 3d WMYyYHOI HeUPOHHOK Mepexcero, Mojce Gymu 3HaYHOI0 npob6eMor 045
daxisyis-aHasimukie ma po3po6HUKI8 npo2pamMHO20 3abe3neveHHs 8 2ay3i oceimu.

Knaiouosi cnosa: iHmenekmyanvHull avaniz daHux, eudobymok OJaHuX, wmy4Hi HelpoHHI Mepedcl, 21U6O0Ke HABYAHHS,
nputinammsi piuleHb, 0C8IMHSA aHaimuka, 2a1y3b 0cgimu.

Introduction

Due to the coronavirus pandemic caused by COVID-19, 2020 can be considered the year of online education.
With the widespread use of information technology (IT), stakeholders in the education domain were able to collect more
valuable data on the educational process. Altogether, the application of educational intelligent data analysis (EIDA) seems
relevant for improving the educational process based on big data [1]. This methodology implies developing and improving
the methods of processing collected data in educational institutions to understand academic issues better. A recent review
[2] on the basic analytical approaches used in educational data mining showed that practitioners had used various
statistical techniques to facilitate teaching and learning processes. Furthermore, another extensive study [3] from 2020,
which covers roughly 300 relevant publications from 2010 to 2018, found that artificial neural networks (ANNs) have
become the most widely used methods in EIDA research and would flourish in the future.
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An ANN is a simplified computational model of the human central nervous system (CNS) presented in a
labelled oriented graph, the vertices of which are in the so-called layers [4]. These vertices accumulate signals from
other units and convert the signal to a nonlinear state. They encode the influence of a given block over any other unit
that receives a link from the former. Each connection between units can increase or decrease the activation of the
receiving unit, and this effect is represented by the so-called weight associated with the graph edges. It learns to
perform a task from data that exemplifies the task being performed [5]. Overall, an ANN learning algorithm is a
procedure to adapt the weight of the network so that the network begins to perform a computational task.

Analysis of recent research

Over the past decades, ANNs have been fruitfully applied to clustering, classification, regression, time
series forecasting, and visualization tasks [2—4]. Nevertheless, the models developed based on the neural network
paradigm are recognized as having a lack of explainability [6]. They often give accurate predictions from data, but
their results are often difficult to interpret by humans. Nonetheless, despite the difficulties in understanding, ANNs
have an excellent ability to learn to develop internally. For example, ANNs have currently considered state-of-the-
art solutions in interdisciplinary fields, such as computer vision (CV), image and video generation (IVG), natural
language processing (NLP), and audio processing (AP).

In education, ANNs have been used to resolve strategic tasks such as predicting student performance,
grouping students according to their characteristics, implementing personalized recommendations that provide
adaptive and customized support for student learning, and curriculum planning [7-9]. Meanwhile, a recent review
article notes the ANN should not be considered the standard EIDA method because of the conservatism of the
educational community and lack of clear explainability [11]. Other recent studies [12-14] identified three areas in
education where the use of ANNs for the EIDA tasks can benefit the most: prediction of students’ early dropout,
student assessment, and intelligent tutoring system.

Problem statement

In this work, we systematized the recent scientific literature in EIDA with ANNs. The paper analyzes the
applications of ANN to EIDA and discusses the computational issues in the EIDA domain that can benefit the most
by applying ANNs. Thus, the present work aims to study the research in EIDA, conducted from 2017 to nowadays,
and used ANNs for data processing.

To achieve the goal of the work, three following tasks are to be resolved.

1. To investigate if ANNs have become widespread in EIDA? If so, what is the balance between traditional
types of ANNs and modern deep learning (DL) approaches?

2. To define the primary educational tasks and research problems in EIDA that are addressed with ANNs.

3. To define the ANNSs that are state-of-the-art in modern EIDA.

Methodology

The following scientific databases were used for the study: Web of Science Core Collection, Google
Scholar, and Scopus. Only works in English are considered. To search for the latest target studies, the following
keywords were entered in the search bar: “neural network™ or “deep learning,” and “educational intelligent data
analysis” or “educational data mining.” The search period was set from 2017 to 2021. Finally, the study was
conducted in October 2021.

The authors of this work do not show the number of excellent general results, as a search in different
databases repeatedly returned the same list of works. In addition, four different combinations of subordination,
which sometimes had to be used when searching for a given command (for example, “deep learning” and
“educational data mining”), returned many repeated results in all searches. Results not related to the purpose of the
study were rejected. This hands-on screening was based on the title of each paper, annotation, and keywords. Also,
for each of the four different searches performed in Google Scholar, only the first 100 returned results were
considered. As a result of this process, 98 articles related to this review were collected.

After the systematization of the found articles, the evaluation of each work was performed based on three
criteria. First, only primary studies were included in the analysis, not EIDA surveys or reviews. Second, works without
implemented and tested ISs, and without a well-developed theoretical justification were dropped. Third, the target
studies were checked for the quality of the submitted materials. In total, eleven articles were excluded from the
analysis. As a result of this screening, 87 articles remained to be analyzed to answer three questions formalized above.

Results
Overall, the combined search for the following terms “artificial neural network,” “deep learning,”
“educational intelligent data analysis,” and “educational data mining” resulted in 87 relevant publications. The
distribution of the found publications on databases is presented in table 1.

Table 1
The number of relevant publications from each scientific base found by searching for key terms

.. Web of Science Core | Google
Scientific base Collection Scho%ar Scopus Sum
Traditional types of artificial neural networks 6 18 10 34
Modern deep learning techniques 11 27 15 53
Sum 17 45 25 87
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Fig. 1 shows the tendency in publications in the EIDA sphere with ANN and DL techniques from 2017 to 2021.
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Fig. 1. Number of publications in the EIDA domain with ANN and DL techniques per year from 2017 to 2021

Studies in the EIDA domain appeared before 2017, but according to the explored databases, few works
addressed the issue of educational data mining in 2017. However, from 2018 and beyond, the number of
publications using ANNs, and DL started to grow significantly. Half of the work was published by American
institutions, while every third article was published in Asian countries. No groups have been published twice.

The most prominent studies that address the EIDA tasks with DL techniques are summarized in table 2.

Table 2

Educational intelligent data analysis tasks that are addressed

with artificial neural networks and deep learning

Study Task in education Description Technique
Automizing the processing Deep long short-term memory
[11] | Student assessment of students’ feedback network
[7] |Student modeling Prediction of students’ withdraw Deep long short-term memory
network
[8] |Student modeling Prediction of students’ early withdraw | Multi-layer perceptron
. . Developing a 'frarpewor’k for propet Deep long short-term memory
[9] |Course video recommendation |recommendation in online learning
network
platforms
[10] |Student assessment ]S)y?t/:rlgpmg an examination generation Recurrent neural network
Prediction students’ Deep long short-term memo
[12] |Student performance prediction | weekly performance by p long Y
. . network
video clickstreams data
Finding an optimal educational | Predicting optimal school site .
[13] facility selection in the urban areas Multi-layer perceptron
[14] | Intelligent tutoring system Devel.oplng a v1rtua! patient §1mulat0r Deep long short-term memory
for clinical diagnostic reasoning network

Discussion & Conclusion

According to the analysis, it was found that most tasks in educational data mining are addressed by models
with controlled learning, such as classification, regression, and time-series prediction. Interestingly, most in-depth
methods used in the EIDA domain are traditional types of ANN. Well-known techniques such as multi-year perceptron
and deep long short-term memory networks have been primarily utilized for classification and prediction tasks within
the education sphere. However, the difficulty of interpreting the results produced by ANNSs has also been a challenge
for intelligent data practitioners in any domain, including education. Overall, traditional ANNs have achieved
impressive results in online education thanks to a significant amount of available data.
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