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Abstract

The socialization of students in distance learning and the impact on their performance is a
major issue. The concept of Contact Sessions tends to be substituted by
videoconferences, especially in the coronavirus era. Learning Analytics (LA) is a modern
scientific field that enhances the learning environments as well as the educational
procedures and leads to a better comprehension of the students’ learning process. The
learners’ activity is traced by collecting, analyzing, and reporting their data in order to
redesign the course by adopting the LA new methodologies. Nowadays, there is a
transition from research to practice, which formulates a new perception of learning for
the students by implementing the existing LA methodologies.We utilize the opportunity
of this scientific field to reveal hidden patterns for student data by employing appropriate
Data Mining algorithms. Specifically, we study the impact of Contact Sessions
participation on the correlation among students who either have failed or passed the final
exams. For this purpose, we find the association rules with the use of the Apriori
algorithm in data formulated in market basket format. This means that the data concern
the participation in the Contact Sessions and also the written assignments grades. We
associate these data similar to the selection of a commercial product A with commercial
product B in a market basket.We use the R software environment in our experiments. In
this fashion, we prove the need for the students' attendance in the Contact Sessions as a
factor that influences their performance in terms of socialization by using Data Mining.

Keywords: Learning Analytics, Contact Sessions, Distance Learning, Socialization,
Association Rules
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po Téomn Yo avTikaTtaotoot Tov Ald Zoons ZuUPovAenTik®v Xvvavtinoewyv (AZXY) arnod
Bwrteodwokéyelc. H  avdivon  ekmoidevtik®y  dedopévev  givar  €va cLYYPOVO
EMOTNUOVIKO TEdio oV PEATIOVEL TOL EKTOOEVTIKA TEPPAAAOVTO KO TIG EKTOLOEVTIKEG
dwdwkaocieg. Odnyel oe o kKoAdTepn Koatavonon g pabnoilokng owdwkociog. H
OpaoTNPOTNTA TOV EKTOOEVOUEVOV KATAYPAPETOL UE TN GLAAOYN, avdAvon Kot
avaeopd Tov dedopévov avtov. O okomdg eival 0 emavacyedlooUOg TOV HOONUOTOC
YPNOUOTOIOVTOS OpPOLS MOV TPOKVTTOLV amd véeg pebBodoroyiec TG avaivong
EKTTALOEVTIKMV OEOOUEVAOV. XTI HEPEG UG VTTAPYEL o LETAPaon amd v épevvo 6TV
TPAcn N omoia SAUOPPOVEL o vEa avTiAnym g pabnong. H avtiinyn tov padntov
TPOKVTTEL OO VLAOTOINGT  VAAPYOLC®V  HEBOSOAOYIDV  AVAAVONG  EKTOLOEVTIKMDV
dedopéEVmV. ZE QTN TNV EPYOCIN SOTPAYUATEVOUACTE OVTO TO EMIGTNUOVIKO TTEd(O Vil
VO OTOKOADWYOLLE KPOUUEVE LOTIRO OEOOUEVMV TTPOEPYOUEV®DV 0mtd oltnTés. o avTd T0
OKOTO YPNOUWOTOOVHE KATAAANAOVS oAyopiBuovg €EO6puéng dedopévav. Ta v
axkpifelo, HEAETOVUE TO AVTIKTLTO TNG PLGIKNG TOPOVCING TOV POTNTOV o€ Kdbe AZXE
ot Oonuovpyie oxéoewv petaEd tovg. H ovppetoyn otg AZEYX amoteiel popom|
Kowavikoroinong kot ovvepyaciag. Emiong avt) m oyéon peta&d ooumtov
ocvoyetiCovpe pe v emrvyia 1 anotvyio ot Tehkég eetdoes. o 10 okomd owtod
Bpiokovue TOVG KAVOVEG GLOYETIONG ME TN YPNon tov olyopibuov Apriori pe to
dedopéva doTuTtopéVa 6€ LopPT KoAaBoy ayopds. Aniadn, og dedopéva Exovpe lcdyst
TNV TAPoLvGio 1 amovsio Tov eortntav oTig AZXY kot T1¢ fabpoloyieg otig vroPAndeiceg
ypantés epyacies. H cvoyétion g mapovciog o pia AZEY pe ) mopovcioo 6€ GAAES
AZEY ko pe toug Pabuodc otic ypartéc epyacieg amotehel TV avaivomn Tov KaAadion
ayopds, OT®MG 1 CLGYETION EMAOYNG €VOC TPOIOVTOG e TNV EMAOYN KATOWOL GAAOV
TPotovtog. Me avtd Tov Tpoémo amodeikvbovpe pe tn ypnomn £6puéng dedopuévav v
avaykn yo mopakoAovdnon otig AZEY ¢ £va mapdyovia mov ennpedlel TNy amdOooN
TOV POITNTOV. XpNoipomoloVpe 10 R mepifaiiov Aoyiopuikol 6To TEPAULATO LLOG.

Introduction

The professional socialization of the students in distance education is an important
concept. In the work of Kicherova et al. (2015) the authors mention that the students
acquire advantages for their future careers by socializing. These advantages are
information perception, professional communication with experts during the educational
stage, and many other skills. The students achieve these goals by attending social events
like conferences and forums. The most important benefit for the students when
socializing is the power to persuade a target listener, by using means like presentation,
attention, comprehension, and acceptance. According to Bulaev et al. (2016), the
socialization parameter of a student enables him to make friends and establish
harmonious relations with the teachers, the university administration, and other students.
Such a student will be scientifically creative, academically active, self-confident, and
stable. Independence of thought and professional fulfillment are two important
competences. A student is able to get these competences during professional
socialization. Moreover, other benefits are social experience and maturity.

In addition, the concept of socialization is significant in distance learning. A few not
obligatory Contact Sessions are conducted during the semester or academic year.There is
a dispute as regards the effect of these sessions. In the current work, we will investigate
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and interpret this matter. We aim to prove that the social relations which the students
develop during sessions are considerable for their performance in the final exams.These
relations determine the professional development, the cognitive scientific formation of
the student, and many other issues to a large extent.We interpret the possible relations
among students in these sessions as association rules in the terms of data mining. We use
Educational Data Mining to reveal hidden patterns in the educational data to extend and
enrich educational issues. Such an issue is the socialization of the students in distance
learning associated with the participation in Contact Sessions. For this purpose, we
employ algorithms that focus on patterns of groups of data.We have defined the data in
market-basket format. This means that we assign for each student the Contact Sessions in
which the student was present or absent and also the grades which the student achieved in
each written assignment, similar to the products a customer has selected in a market
basket.

The concept of the current work is to prove that participation in the Contact Sessions
results in the development of relationships among successful students or students who
fail. For this purpose, we employ the algorithm Apriori. In order to estimate socialization,
we use the methodologies of Verykios et al. (2004) so as to achieve high confidence or
support greater than a threshold. We use the Apriori algorithm so as to produce
association rules. Our goal is to apply data mining to prove the relationships among
students in Contact Sessions and the impact of these relationships on the written
assignments’ grades and the status of the final exam (pass or fail). We consider as
itemsets the items which are included in the rules produced with data from each student’s
profile. In our case, the itemsets include the presence or the absence in each contact
session and also the grade which a student achieved in each written assignment.

In our experiments, we sort the association rules according to two properties. As regards
the students who pass the final exams,the property is the support of the rules to be greater
than a threshold. As regards the students who fail in the final exams, we sort the rules
according to the value of confidence.We explain the terms support and confidence below.
According to (Agrawal and Srikant, 1994) for a set of items (i.e. presence or absence in
all Contact Sessions and grades in all written assignments) and a set of transactions (i.e.
all students with these features as items) each transaction is a subset of the set of items.
An association rule among 2 items is e.g. CS1-present—CS2-present and it exists in D
transactions. As we observe this holds for sets of items which are subsets of the set which
contains all items. The confidence of an association rule is the percentage of the
transactions in D that e.g when the transactions contain the CS1-present they also contain
CS2-present. In our example, the term confidence measures how frequently the item
CS1-present exists in transactions with CS2-present. The support of an association rule is
the percentage of the transactions that contain a union among two items (e.g. CS1-present
U CS2-present). This means that both items exist in the association rule (Suma and
Shobha, 2021).

We utilize the term support to define the itemsets which overcome a support threshold.
We call these items frequent itemsets according to Suma and Shobha (2021). With the
term confidence, we denote the significance of a rule according to its magnitude.
According to Suma and Shobha (2021), the rules with confidence and support greater
than the threshold are considered as strong rules. Some of these strong rules very often a
database owner desires to hide. These rules are called sensitive rules.
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We focus on the participation effect of the students who attend together as a group the
Contact Sessions and they pass or fail the final exams. Furthermore, in the rules, we
consider the grades which the students achieve in the written assignments and the final
exams.We utilize the work of Verykios et al. (2004) with another aim.The motivation of
this cited work was to create association rules hiding algorithms in order to prevent data
mining techniques to reveal sensitive information from databases.In the methodology of
Verykios et al. (2004) the proposed algorithms perform a perturbation of parameters such
as support and confidence. In the current work, we have used the values of support and
confidence that produce the association rules which are determined from the most
frequent itemsets.We apply the Apriori algorithm in a market-basket format of data for
this purpose. We have defined this format above.This method has helped us to achieve
the optimal combination of support and confidence at a higher level.

In the work of Alachiotis et al. (2017) Pivot Tables of Excel are used to visualize the
attention of participants in a blended learning course. The discovery of data results is
used to predict learners’ performance and to optimize the course organization. Therefore,
there is the opportunity for the tutor to advise the students during the learning procedure.
In Alachiotis et al. (2019) the authors examine the provided ability of a data scientist to
trace the learning activity of the students from Learning Management Systems (LMSS).
This ability can benefit the students, faculty, and administration to enhance parameters
such as the learning procedure, the course design, and the educational methodology.The
purpose is to analyze learners’ behavior and performance in order to make conclusions
that are able to enhance the functionality of a distance learning course. In the current
work, we extend these two methodologiesby using data mining terms and artificial
intelligence to reveal hidden patterns among students.

A brief analysis of association rules exists in the work of (Kotsiantis and Kanellopoulos,
2006). In this work, there are some basic terms for those rules and the descriptions of
algorithms like AIS for mining association rules, Apriori for pruning itemsets, FP-Tree
for frequent pattern mining, TreeProjection, and other algorithms.As regards the sampling
and the parallelization various algorithms are presented (e.g. Sampling Error Estimation,
Fast Parallel Mining). There are also descriptions that concern the application of
association rules to databases, the interestingness of an association with the term
confidence. Moreover, the mining of association rules among products that either
complement or conflict with each other is explored. These rules are called negative
association rules. These terms are useful in market-basket analysis. The equivalence of
our educational data with the market-basket analysis is the following. In a market-basket,
the selection of one commercial product is associated with the selection of other
commercial products (a market basket that contains A, contains also B). In our case, we
use this methodology to associate the presence of each student in the CS with the
presence of other students in the CS and also with the grades of the students’ written
assignments.Our data are formatted in this market-basket format as we describe above.

Review of Literature

The social integration and the spirit of cooperation among students are examined in
Pomohaci and Sopa (2016). The relationships established within the group are also
examined. The authors focus on activities such as sports. We focus on the cooperation
among students who are being met in Contact Sessions because of the distant type of
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learning. In the current work, we try to prove this fact with the Apriori algorithm applied
to quantitative data.

The promotion of social presence in face-to-face meetings of online courses is studied in
(Tucker,2012). The issue is examined from a pedagogical perspective. The platform
which is used for the experiments on online courses is Centra. The platform which is used
for chat rooms and forums is Blackboard. Questionnaires were given to the students in
order to collect data relatively with their options for both online and face-to-face classes.
The surveys of quantitative data were analyzed with SPSS and the ANOVA table. The
conclusions show that Centra has a positive effect on student participation and social
presence in online learning. The students had the ability to discuss projects, assignments,
and other courses in the Centra platform.

Ethical considerations of Learning Analytics and the experience of the LA practice by
administrators, developers, researchers, teachers, learners are studied in Cerratto Pargman
et al. (2021). The identification of at-risk students and the significance of attrition to the
institution’s reputation are presented in Gkontzis et al. (2019).The authors use Big Data
mining and machine learning methods, and they also develop a prediction tool for student
attrition. The viable use of data mining in education is illustrated.

In the work of Kotsiantis et al. (2013) the authors use data coming from the learning
management system Moodle and data gathered from questionnaires. The goal is to predict
the students’ success or failure to acquire a pass course grade, by using four different
methods (visualization of the variables determined by the questionnaires, C4.5 decision
tree, class association rules, and k-means implementation). The R language and the Weka
tool are used for this purpose.

In addition,Gkontzis et al.(2018)are elaborating data come from an annual course of the
Hellenic Open University which takes place simultaneously in four different cities of
Greece. The authors analyze the logins, replies, and quizzes in combination with the
average grade of the submitted written exercises during the year, in order to predict
academic performance. In this fashion, the students’ learning activity and persistence in
the learning procedure are revealed. The amount of data is large, and the Tableau
visualization tool is used to depict the students' activity.

In the work of Ougiaroglou and Paschalis, (2012) the authors use the Apriori algorithm to
find association rules regarding the interest illustrated by the students of secondary
education to attend lessons. The authors have used the WEKA software for this
purpose.Integer Linear Programming (ILP) is used in Suma and Shobha (2021) in order
to hide sensitive association rules. The sanitization problem which concerns a database is
constrained to an ILP issue. A tradeoff of support and confidence of the sensitive
association rules takes place in a proposed algorithm.

The outliers students are examined in Rajeswari et al. (2014). These are the students who
have passed with a borderline pass more than two courses or they have failed in more
than two courses. The authors have assigned the students in itemsets with the use of the
Apriori algorithm.They also have determined the minimum and the maximum support
threshold. The less frequent itemsets (rare itemsets) were those that have had a smaller
support value than the threshold.

In Gosch et al. (2021) the authors negotiate an ethical issue. This regards the learner
autonomy by providing Learning Analytics as a service instead of intervention. The
analysis which takes place deals with the issues of anonymization in combination with
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personal data gathering. The conclusion is that the application of LA is successful by
developing a LA culture in the corresponding institution.

Various parameters are used in Zhan et al. (2020) to determine the difficulty of the
course, and also to separate the grades in levels. The authors have separated the levels of
the students with the use of the k-means algorithm. Furthermore, the authors employ the
Apriori algorithmin order to use the validity and the difficulty of the tests to extract
association rules. By following this methodology, they achieve an association of the
grades among different sections of the course.

In the work of Wu et al. (2020) an investigation of the blended learning
courses’significance exists. The authors have used various algorithms for this purpose.
These algorithms are CART, Naive Bayes and Apriori. The subject of the course which
the authors have used in the experiments is Programming. This course has had a duration
of two semesters. In this work, the authors have revealed the findings of the teachers in
the exam quizzes. In addition, Wu et al. (2020) have analyzed the students’ behavior. The
submitted projects were offline case studies. The authors have illustrated the need for the
association of the grades in the two semesters with the use of the Apriori algorithm. They
also achieve the clustering of the students with the use of the k-means in data which
contain the grades in the quizzes, assignments, and final exams. The authors have
classified these students’ features with the use of the Random Forest algorithm, according
to these parameters' significance. The implemented algorithms were used for prediction
purposes and the significance of each feature. Moreover, the authors have illustrated the
various features of the course and the findings of the Apriori algorithm according to
confidence and support.

In the perspective of the above-cited works, we employ the Apriori algorithm to reveal
associations among students who participated or not in the Contact Sessions and also the
grades which they have achieved in the written assignments. It is an important concept,
that proves the impact of the socialization in the Contact Sessions on the written
assignments’ grades, and the performance in the final exams.

Data description

The Hellenic Open University (HOU) consists of eight Schools, which offer
undergraduate and graduate courses to adult learners. These courses consist of modules.
The students ought to submit 4-6 written assignments for a 10-month academic year. The
final exams at the end of the academic year are compulsory. In addition, five not
compulsory counseling Contact Sessions take place in many cities around Greece.

In this study, the data concern the “PLI30— Algorithms and Complexity” a third-year
module of the undergraduate “Informatics” curricula of the School of Science and
Technology in the Hellenic Open University. It is a course with also 5 not obligatory
Contact Sessions. In order to successfully complete the requirements of the course, a
student should submit five written assignments and a grade equal to or higher than five,
in the final exams. Students can undertake the final exams of the module, only if they
have successfully completed the four or five projects with a total score of twenty-five or
more, on a ten-grade scale for each project. During the academic year, students have the
opportunity to attend, if they wish, five Contact Sessions of four hours each. The module
PLI30 covers subjects such as Algorithms and Complexity, Computational Theory, and
Automatic and Standard Languages. The module “Algorithms and Complexity” contains
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algorithms like Greedy Algorithms, Divide and Conquer Algorithms, the algorithms
Breadth-First Search, Depth First Search for traversing a graph, Asymptotic Analysis for
the calculation of the complexity of Recursive Algorithms. The students are separated
into groups. We have selected a sample of students and we have performed our
experiments.

The data from this course consist of 5 written assignments (projects), 5 Contact Sessions,
and also final exams which are repeated two times. Our sample consists of 80 students.
Initially, we format the data with values of strings (words). This means that the value of
an item for a student who attended e.g. the first contact session is “CS1-present”. The
value of an item for a student who has received a grade e.g. in the first written assignment
among 5 and 6.5 is “project1-gradel”.Specifically, the CS (Contact Sessions) items have
the value “present” or “absent”, while we separate the project grades into levels gradel,
grade2,grade3, and FAIL. We denote the grades among 5 and 6.5 as gradel, the grades
among 6.5 and 8.4 as grade2, and the grades among 8.5 and 10 as grade3. We consider
the grades below 5 as FAIL. As a next step, we consider each student as a transaction and
the above values as items in each transaction. This is the market basket format, similar to
commercial products selected in a market basket during a transaction.

Methodology and Results

First methodology

Initially, we try to approach the issue with the Pearson Correlation coefficient. We depict
the correlation between written assignments (projects) grades in Figure 1 and the
correlation between Contact Sessions in Figure 2. It is a heatmap in which we use one-hot
encoding, in order to convert rules to a matrix format with numbers. We break each
probable property of each categorical feature into 0-or-1 features. As a result, we are able
to use the correlation with the aforementioned coefficient. This method is appropriate for
measuring the relationship among pairs of variables. In the current case this relationship
Is positive (among 0 and 1). The advantage is the efficiency for a linear association
among dependent and independent variables. In order to apply this method, the
theoretical background of the data is required to understand the correlation. A detailed
description of this method exists in Kumar and Chong, (2018).The following figures were

created with the use of the Python language.

Flgure 1: Correlatlon among grades
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Flgure 2 Correlatlon among Contact Sessmns

The value of each block denotes the Correlation Coefficient for a pair of Contact Sessions
(Figure 2) or a pair of the written assignmentsgrades (project grades in Figure 1). The
values for the Contact Sessions are 0 or 1 (absence or presence respectively) and 0 to 10
for the grades of the written assignments. In Figure 1 exists a weak, moderate, and strong
relationship among variables, while in Figure 2 exists a moderate relationship among
variables.

In the following paragraphs, we follow a different approach than this Correlation
Coefficient. More specifically, we propose below the Apriori algorithm for the
association among the presence, absence in the Contact Sessions, and the grades achieved
in the written assignments.

Second Methodology

In order to apply the Apriori algorithm, we use the market basket format for our data. The
equivalence with the market basket analysis can be considered as a correspondence of
each student to one transaction in a transactional database because items are included in
the profile of each student. As it is proved Apriori algorithm is efficient in our case,
where we consider our data as a transactional database. We apply the algorithm in
medium-size data.

In our case, we observe that some rules even if they have high confidence, perhaps will
be proved useless. Therefore, we want to hide them. In contradiction to the privacy
preservation use of the Apriori algorithm, we want to hide the association rules which we
don’t need and not the sensitive rules. We consider as useless association rules those rules
with support and confidence below the threshold. In addition, if the left-hand side of a
rule takes place after the right-hand side of this rule we determine this rule as useless. For
example, for a rule which in the left-hand contains the item CS3-present and on the right-
hand side contains the item CS1-present we consider it as useless.

Next, we run the Apriori algorithm so that to reveal the frequent itemsets as it is depicted
in the figures below, initially for students who passed the exams and afterward for
students who failed the exams. We have implemented our methodology with the R
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software environment. The Apriori algorithm is appropriate because it reveals the
associations among students who have attended the same Contact Sessions or they have
achieved similar project grades. It also proves, the effect of these relationships on the
final exam grades.

The invention of the Apriori algorithm according to Agrawal and Srikant (1994) is based
to consider the candidate itemsets which were large in each previous pass of the database
and also they have support greater than a threshold during the execution of the
algorithm.As we have already mentioned, the itemsets with support greater than the
threshold are called frequent itemsets similar to Kuswari et al. (2014) and we calculate
them with the market-basket analysis.

In Figure 3 we illustratethe frequent itemsets of students who passed the exams:

0

©
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Iten frequency (sbsolute)

- I

Figure 3: Frequent itemsets of the students who passed the final exams

In Figure 4 we illustrate the frequent itemsets of the students who failed the exams:
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Figure 4: Frequent Itemsets of students who failed in the final exams
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In Figure 5 we depict the 11 association rules for the students who have passed the final
exams, while in Figure 6 we depict the top 28 association rules for the students who have
failed the final exams. We consider the association rules for which the left-hand side of a
rule takes place before the right-hand side of the rule. For example, on the left-hand side
exists the attendance to the second contact session and a grade2 in the project4, and on
the right-hand side exists the attendance to the fifth contact session. In Figure 5 the
association rules are sorted by the support and the association rules of Figure 6 are sorted
by confidence.
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[CS8-crevert project >-gradel) - [CS5-present) 0.2105763 1 0210526 1405 4
{project-gade groject gradel) - |CSA-absent} 02631579 1 0263158 1357343 o
{praject] grade2 peciec12 grade) -> |CS5 absont) 0.2631579 1 0263158 1256667 5
{projectl-grade  peojectl-gradel] - [C33-absant} Q20315979 1 0203158 13873 )
|C53-absent project] gradel) - {054 alent) 02631579 1 0.2631%8 1337143 5
(€53 absent groject]-g aded - |CS5- abmont] 0.2631570 1 0263158 1.266667 5
{praject)-grade projecti-gradel) = [C54-absent} 02108263 1 0.210%¢ 1.3%N43 a
{C52 abaent peojoct3-gradel) -» [C54-absent| 0.2105263 1 0.210526 1357143 -
{C51-absent projectd-gradel) => |C54-abnent | 02105264 1 0.210526 155148 4
{C52-absent projfectd grade 2} -> [CS4-absent| 0.2100263 1 0.210%246 1357143 4
{C52-absent geojectd grade) -» (055 absant) 02105263 1 0.210526 1266667 &
{C33-absent grojectd-gradeld) > [C52-absent} 0.2631579 1 0205158 1357141 3
{CS3 aksent projectd grade?) » |CSS-absant| 0.2631579 1 0.263158 1268447 5
{C51 -peosom CS2-prosen ) - [projecd gadol) 0 2105061 1 0.2105)6 2305 4
{C52-present £53-absent] “ [CS5-abaent| 0.2105263 1 0210526 1260887 e
{Propet?-grade eomectd SAIL) “ |CS4- abnaru} 02106263 1 0210526 1.357343 4
{projectd grade projectd-FAlL) - [CS5-abment| 0.210526) 1 0.210526 1265667 “
{C52-absent projectsd FAN | -r €S- absent) 02105263 1 D.210526 1357143 -
IS abinh csilsa S AN — [N — R NN 4 ssay .

Figure 6: Top association rules of students who have failed the exams by confidence

SECTION A: theoretical papers, original research and scientific articles
43



11" International Conference in Open & Distance Learning - November 2021, Athens, Greece - PROCEEDINGS

Results

The outcomes from the association rules of the above Figure 6 for those who have failed
the exams are the following:The students who were absent in the first, second and fourth
Contact Sessions were absent in all Contact Sessions. The students who were present in
the first and the fourth Contact Sessions were also present in the fifth Contact Session,
and they have achieved a borderline pass in the third written assignment (project3). Other
students were absent in all Contact Sessions and they have achieved grade2 in the first,
second, third, and fourth written assignments (projectl, project2, project3, project4). We
interpret these indications that eventually the written assignments have been written by
third persons because the students have failed the final exams. Some of the students have
attended the first two Contact Sessions and they have achieved a borderline pass in
project3. This means that the participation in these Contact Sessions has helped them in
the attempt to write the project themselves without the help of a third person. The
students who were absent in the fourth and the fifth Contact Sessions and have failed in
project4 had gone to the sessions exploratory and hadn’t studied alone.We sort the rules
which concern the failed students by confidence.We take into account the rules for which
the values of the right-hand side of a rule occur afterward the left-hand side of this rule.
The outcomes for those who have passed the final exams are the following. The students
who were present in the first, second, and third Contact Sessions and have achieved a
grade2 in the fourth written assignment (project4) were also present in the fifth Contact
Session.The students who were present in the first Contact Session and have achieved a
grade2 in the second written assignment (project2) were also present in the second
Contact Session. The students who were present in the first, second,and the third Contact
Sessions, and have achieved a grade2 in the second and fourth written assignments
(project2 and project4), were also present in the fifth Contact Session.Hence, the students
have benefitted from participation and socialization in the Contact Sessions. In addition,
they have attempted to author the written assignments without the help of a third person.
These students have absorbed knowledge in the Contact Sessions, and they didn’t need
any further help for the written assignments. The Contact Sessions were sufficient for
them to pass the exams. Perhaps, socialization may have helped them to cooperate and
pass.Some of the students were absent in the first, third, and fourth Contact Sessions but
they have passed the final exams. Therefore, we interpret that these students preferred to
study independently, and they hadn’t absorbed knowledge by attending a contact session.
We consider the rules for which the values of the left-hand side of a rule take place before
the right-hand side of this rule, similar to the rules for the students who have failed the
exams.

Conclusions

The concept of students’ socialization in the Contact Sessions and the trend of the latter
to be substituted by videoconferences is a major issue. We try to approach this issue in
data mining terms. Specifically, we have formulated the presence of the students to the
Contact Sessions and the grades which they have achieved to the written assignments and
to the final exam in market basket format.This means that we use items like “CS1-
present” for the presence of a student in the first contact session and “CS1-absent” for the
absence in this session. In addition, we use items like project-gradel for a grade among 5
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and 6.5 in projectl and projectl-grade2 for a grade among 6.5 and 8.4 in projectl.We
have classified the students into groups according to those who have passed and those
who have failed the final exams. We try to apply a market-basket analysis with these
data. This means the occurrence of some items is associated with the occurrence of other
items.Afterward, we have applied the Apriori algorithm to generate the frequent itemsets.
These are the itemsets that belong to an association rule with support greater than a
threshold. Furthermore, we study the use of terms such as confidence and support in
order to evaluate the impact of each rule.We use these terms in order to hide association
rules which we don’t need.In the association rules, the left-hand side values of the rules
take place before the right-hand side of the rules. In addition, we have depicted
graphically the correlation of the presence in pairs of Contact Sessions and the correlation
of the grades in pairs of written assignments with the Pearson Correlation Coefficient as
an alternative methodology. In the future, we aim to study the effect of Contact Sessions
and the written assignments grades, as also their importance in the final grade prediction
with machine learning algorithms. In addition, we will attempt a comparison of the
algorithms’ performance with educational data in order to find the effect of Contact
Sessions on the students’ performance prediction. Moreover, we will study the
association among the variables of the current study with hidden Markov Models.
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