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Abstract. The provincial and national excellent student exams reserved for Viet-
nam high schools are organized every year. These exams are the opportunities
of high schools to acquire achievements. The problem to be solved by schools is
how to select students for excellent student team in each discipline. This research
considers that the students of the performance similar to winners in recent years
are more likely to win prize. Mathematically, each student or winner is repre-
sented as a vector of performance of which features are influenced by the learning
and non-learning factors. The vectors representing winners of earlier exams form
winner-domain which is determined by its centroid, limiting distance, and limiting
tendency. The students from classes are selected for the team of a discipline when
their performance vectors are within the winner-domain of the discipline.
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1 Introduction

In Vietnam, excellent student exams are organized to award prizes at provincial and
national levels every year. Several provincial or gifted high schools founded gifted classes
to deeply train selected students in each discipline. Every year, each school selects excel-
lent students to form discipline teams for provincial and national exams. The selection
is being created based on students’ learning outcomes and teachers’ perceptibility. The
problem to reveal is how to objectively select students for teams.

The idea is that the students of performance features similar to prize-winners in a
discipline are most likely to win prize of the discipline. This research approaches the
theory of machine learning to selecting students of competency and academic tendency

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2023
Published by Springer Nature Switzerland AG 2023. All Rights Reserved

C. V. Phan and T. D. Nguyen (Eds.): ICCASA 2022, LNICST 475, pp. 156-161, 2023.
https://doi.org/10.1007/978-3-031-28816-6_12


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28816-6_12&domain=pdf
https://doi.org/10.1007/978-3-031-28816-6_12

An Approach to Selecting Students Taking Provincial 157

convenient for excellent student exams. Each student or winner is mathematically rep-
resented as a vector of performance. For a discipline of a high school, the students of
performance similar to winners’ performance are selected for excellent student team.

The paper is structured as follows. The next section refers to the context of the
research and the related works. The third section divides the features influencing student
performance into learning and non-learning factors and mathematically represent the
performance as a vector of features. The fourth section applies the method of supervised
machine learning to form winner-domain and select students for teams taking excellent
student exams. Finally, the fifth section summarizes the contents of the research as well
as the difficulty in fact.

2 Context and Related Works

2.1 Context

The excellent student exams are outstanding events of Vietnamese Education sector,
every year. The national and provincial exams are not only interested by gifted high
schools, but also by other high schools. The schools’ leaders expect to congratulate
prize-winners from the teams of their schools because these wins significantly contribute
to the achievements of the school. This view results in the strong investment of schools
in selecting and training students for teams. The students of good performance in the
discipline are more likely to win prizes at the exams.

Just at the beginning of each academic year, high schools select excellent students
from 10™, 11, and 12 grades of the disciplines as Information Technology, English
language, Geography, etc. to form teams in each discipline. The teachers of each disci-
pline select students for their teams by feeling based on learning outcomes, skills and
attitude in learning of the students. The students of teams are taught with specific curric-
ula to take the exams at the end of academic year. Consequently, the selection of students
for teams plays an important role in the win at exams.

2.2 Related Works

In recent year, the educational data exploitation is a topic attracting several authors
to research for various purposes, specially for improving teaching quality, organizing
classroom, intervening student performance early [1-4]. The works focus on the factors
influencing the performance of students. Several authors have tried to identify and find out
the factors impacting on student performance [2, 3]. They analyze the factors influencing
student performance in classroom learning before and after course commencement [2].

Some authors consider that the features of knowledge, individual skills and attitude in
learning are the factors influencing student performance [5, 6]. The student’s knowledge
concerns the teaching of previous school, neighborhood, and age [2]. The student’s skills
and attitude as self-motivation [7], self-confidence [8], self-reliance [8], self-finding [9],
self-investigation [9], self-analysis [10], critical thinking [11], creative thinking [12],
interaction [12] also influence student performance. In addition, the socio-economic
and demographic background, the family, and behavior of students also impact on their
performance [2, 13].
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The data mining and machine learning techniques have been significantly contribut-
ing to the discovery of values hide in educational data. Some authors have applied
the approaches of classification, clustering, regression, decision trees, neural networks,
nearest neighboring to analyze learning, performance, and the correlation between per-
formance and impacting factors [14]. Others have applied the algorithms of super-
vised, unsupervised, semi-supervised, reinforcement leaning to discover student models,
predict student performance [15-17].

3 Modelling Performance

The features influencing the performance are composed of the learning factors and non-
learning factors. The learning factors can be estimated by learning history, while the
non-learning factors composed of personality, family background, and socio-economic
environment can be surveyed by questionnaires and/or the other information sources
from family and society. Mathematically, the performance is represented as the vector
of features, where the vector representing the performance of a student is called student-
vector, symbolled as follows.

T
Xn == [Sl,n’ ey si.}’l7 ARR] Sl.n] = [Sl.}’l; '-; S2l; '~; sl.l’l]
where:
Xu|ln =1, 2, ...: the student-vector of the student n.
sinli = 1,2, ..., I: the feature i of the student n.

The winners of national or provincial excellent student exams in the same discipline are
similar in performance [2]. This idea infers that the students of performance similar to
winners are more likely to win prize. In this research, the students of the performance
similar to the performance of winners in a discipline are selected to be continuously
trained for taking the next exams in the discipline. Mathematically, all winner-vectors
representing the performance of the winners in the same discipline form the performance
domain of the winners in the discipline, called winner-domain; the students who have
their performance vectors within winner-domain are selected for team.

4 Selecting Students for Taking Excellent Student Exams

4.1 The Mathematical Features of Winner-Domain

The winner-domain of a discipline is determined by three mathematical features, includ-
ing the domain centroid, the limiting distance, and the limiting tendency. The domain
centroid is the centroid vector of the winner-domain, the limiting distance is the maximal
distance from the domain centroid to all vectors of the domain, the limiting tendency is
the maximal angle formed by the domain centroid with all vectors of the domain. The
following process determines the mathematical features of a winner-domain.

Input: the winner-domain of a discipline is represented as the set W of the winner-vectors
of the discipline.
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Output: the centroid vector w,, the limiting distance djin, and the limiting tendency 6y,
of the winner-domain W.

e Step I: Define W = {wy, .., wp, .., wy } is the winner-domain, where each winner-
vector is represented as W, = [S1.4, -+, Sins - stalY = [S10; -3 Sin; -2 S1.n] wWhich
is the vector of the variables of features s; ,|li = 1,..,I;n=1,..,N

e Step 2: Determine the centroid w, of the vector set W.

The centroid w, = [s1.¢; ..; Si.c; --; S1.c] of the vector set W is determined by:

N
Z Si.n

=1 .
Sie = = N i=1,2,.,1

e Step 3: Determine the limiting distance djim = (dy)max = (d (W¢, Wy))max Of the
vector set W.
The distance d,, = d(w., wy,) from the centroid w. to the vector wy|ln =
1,2, .., N is defined by Euclidean distance as follows.

dy = d(We, W) = V(510 — 5102 + o+ (Sic — Sin)? + oo+ (1e — S10)>

e Step 4: Determine the limiting tendency-angle cos@jy = (c0s6y)min =
(cos(W¢, Wy))min Of the vectors in the vector set W.
The tendency-angle 6, of a vector w,,, which is the angle formed by the centroid
w, and the vector w,|n = 1, 2, .., N, is determined by:

We.Wp S1.eStn + -+ SicSin + .- + S1.cSIn

cos 0, = cos(wW¢, Wy,) =

WellWal — G102 + - F 5102/ 12 + o F (5102

4.2 The Selection of Students for Excellent Student Team

All students in a discipline of school may be the candidates for the excellent student
team in the discipline. Each candidate is represented as a performance vector of features.
The following algorithm indicates the candidates of the performance similar to winners
to be selected for the gifted class or the team taking national and provincial excellent
student exams.

Input:
— The winner-domain features w, djim, and Gim;
— The vector set X = {xi, .., X;, .., X7} represents candidates of whom the perfor-

mance features are collected early.

Output: The vector set Y = {yi, .., Y&, .-, Yk} represents the excellent candidates
selected from the set X.

e Step 5: Calculate the distances d; from x; to the centroid w, of the winner-domain
forj=1,..,J.

di =dWe, xj) = \/(Sl.c =512+ o+ (Sic — $i)? + o+ (1.0 — 51)?
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e Step 6: Calculate the tendency-angle 6; between the vector x; and the centroid w,
of the winner-domain forj =1, .., J.

S1.eS1j + o+ SicSij+ .o + 8151

V102 + .+ (Sl.c)z\/(sl.j)z + ..+ (s1,)?

cos 0; = cos(W, Xj) =

o Step 7: Compare d; with dji, and 6; with Oji,.

- If (dj — 8dlim < 0) A (cOSBOim — dcosf; < 0), then x; — yr € Y|j =
1,2,.,J;k=1,2,..,K
— If (dj — 8dyim > 0) V (cos Ojim — 8 cos 6; > 0), then reject this candidate.

where § is an arbitrary number estimated by the number of students of the gifted
class or the team.

5 Conclusion

This research approached supervised machine learning techniques to selecting excel-
lent students of a high school for teams taking excellent student exams. The approach
represented each student as a performance vector of features. The performance vectors
of winners in a discipline are structured as the performance domain of winners defined
by the domain-centroid, the limiting distance, and the limiting tendency. The student
selected for the team has the performance vector within winner-domain, i.e. the distance
from the student-vector to the domain-centroid is less than the limiting distance and the
tendency of the student-vector is less than the limiting tendency.

The article presents the process selecting excellent students for the teams taking
provincial and national excellent student exams in each discipline. The approach is
being experimentally applied at a Gifted High School in Kiengiang province - Vietnam
to form the team in the discipline of information technology for the next provincial and
national excellent student exams. In fact, the data collection of non-learning factors of
winners and students is difficult to completely carry out in the first instance. The methods
for collecting the data of non-learning factors will be continuously discussed.
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