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Abstract. The aim of this study is to predict academic achievements of
vocational and technical high school (VTHS) students with artificial neural
networks (ANN) in physics, chemistry and biology courses in Turkey and
reveal measures to be taken for their failures. The study group consisted of
922 students studying in 10" and 11" grade in VTHS. This study was
conducted with the survey method and a 34-item demographic
questionnaire was developed in order to collect the data. The parameters in
the questionnaire were identified as the items that were considered to
influence academic achievements of the students. Opinions of 3 field
specialist, 1 measurement and evaluation specialist and 2 technical teachers
were taken and it was supported by the literature for the content validity
and the KR20 reliability coefficient was found as .90 using SPSS 16.0
package program. The items in the questionnaire that are considered to
influence academic achievements of the students were approved as
independent variables/input and academic achievement mean scores of the
students in physics, chemistry and biology courses in the previous year
were approved as dependent variables/output. Academic achievements of
the student were predicted with ANN in Matlap R2016a program using
these parameters and a model was created. A successful academic
achievement prediction system with an average sensitivity of %98 was
developed over 922 data and the measures to be taken to prevent the
failures of the students were determined at the end of the study.
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1 Introduction

Vocational and technical education institutions, which play an important role in the
development of the country, require increasing productivity in education to raise the
number and quality of human power that the society needs [1]. The question to be raised in
order to increase productivity in education is firstly the relevance of the instructional
programs with the personality traits of individuals, job specifications and institutional
strategies and to what extent these factors are taken into account when preparing the
program. Therefore the need analysis/assessment is a prerequisite for an effective
instructional program. Thus, one of the most important issues in research related to
education is whether the need analysis/assessment was made before the teaching [2]. It is
vital for the vocational schools to carry out the need analysis/assessment. This is because
vocational students are expected not only to complete their education that supports their
cultural and personal development, but also to complete their vocational training at the best
level to ensure their future [3]. Vocational high schools are educational institutions aiming
at students to gain work experience at an early age and get involved in business life,
meeting the need for intermediate staff in the working segment of the society with lessons
that mostly require skills and practice. In this respect, vocational high school graduates
need to cultivate themselves in every sense. These characteristics of students ought to be
considered when preparing especially instructional programs of science courses besides
vocational courses [4]. From this point of view, the success of vocational education, an area
that can be regarded as the benchmark of the society, is one of the factors that directly
affect the socioeconomic structure of the country. In this context, what need to be done for
qualified student training in VTHS and what measures should be taken to avoid failures are
the main objectives of educational researches. This situation was statistically determined in
the university entrance exam conducted by the Measuring, Selection and Placement Center
(MSPC) in Turkey. For instance, the achievement average score of MS (mathematics-
science) courses of vocational high schools is below the country average score in 2016. In
recent years, the Ministry of National Education (MNE), which has undertaken a task to
ensure that young people who have been classified according to vocational skills such as
wood technologies, metal, electricity, computer and automotive have the opportunity to
study in the direction of their interests and abilities, is far from satisfying needs of the
students in verbal and numerical lessons [5-7]. Science courses (physics, chemistry and
biology) are among the numerical courses and considered to be very important for
vocational high school students to be better prepared for the profession, to increase their
working life achievements and to grow in the quality that contemporary technologies
desire. It is vital to prevent possible failures in these courses. Regression based methods are
techniques used generally in the literature to determine variables that are considered to
influence achievements of the students and the effect of these variables. Nevertheless, one
of the methods used successfully in every field where data mining is carried out, no matter
it is science, health sciences or social sciences, is “Artificial Neural Networks [8]. ANN
method aims clustering of given examples and classifying them into specific classes as well
as deciding the classes that the following samples would join [9]. ANN’s modeling of the
human brain emerged with the desire to create machines that function like human brain,
which also exists in the modeling of digital computers [10]. ANN is computer systems that
perform the learning function, which is the most basic feature of the human brain. A model
is created by ANN in the direction of inputs and outputs. Inputs are information received
from outside or other nerve cells for an artificial neural cell. These inputs consist of the
samples for which learning of the nerve cell is desired [11, 12]. Learning in artificial neural
networks takes place by changing the weights between the nerves. Accordingly, nerves
whose weights on the inter-nervous links are changeable dynamically with a specific
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method can be trained. Networks that can learn may recognize new forms or decide the
class the given entry belongs to. Although there is a limited number of applications in the
field of education regarding ANN today, this method is successfully used in areas such as
manufacturing, control, transportation and aviation, medicine, engineering, meteorology,
biomedical and pharmaceutical industry, finance, stock market and credit card applications.
It is seen that ANN and regression analyzes are used together in the education field
especially in the academic achievement estimations. One of the earliest studies in the field
of education in which ANN was used in predicting the academic achievements of the
students was the work of Gorr, Nagin and Szcypula [13] that compares multi-linear
regression and stochastic linear regression analyses with artificial neural network analysis
in predicting students’ weighted grade averages. Subbanarasimha, Arinzeb &
Anandarajanb [14] used two different sets of data to compare artificial neural networks and
regression techniques in predicting the academic performance of the students. As a result of
the study, it is revealed that the accuracy of the analysis using artificial neural networks is
higher. Several researches compared artificial neural networks, decision trees and linear
regression methods in predicting students’ achievements. As a result of the research, ANN
indicated better results than the others. Oladokun, Adebanjo and Charles-Owaba [15] aimed
to determine the variables that influenced students’ achievements and to test the analysis of
artificial neural networks in predicting students’ performances. At the end of the study, it
was concluded that ANN is highly predictive and effective in determining variables that
affect the students’ achievements. Cirak and Cokluk [16] found in their study in which
ANN and logistic regression methods were used in classifying students’ achievements in
the higher education that the total correct classification rate is 66.10% with the logistic
regression analysis and 70.10% with ANN analysis for the proposed model. As seen in the
literature, there is a rapid increase in the studies in which ANN is used, especially in the
academic achievement predictions in recent years.

1.1 The rationale and aim of the study

When the literature is viewed, it is seen that many methods and techniques were used in
predicting academic achievements of students and teacher candidates who are studying at
different educational institutions. However there seems to be no study indicating
prospective academic achievement prediction of science course of students in VTHS using
the ANN analysis, which is the most reliable prediction mechanism of information age and
the program with the closest functional feature to the human brain. Furthermore, there
seems to be no study determining the factors affecting the academic achievements of these
students and necessary measures to prevent their failures. In this context, the research
questions of this research are:

1. To what extent does the model emerged with the ANN analysis in the direction of
parameters that are considered to affect the academic achievements of VTHS students in
physics courses classify students with their achievements?

2. To what extent does the model emerged with the ANN analysis in the direction of
parameters that are considered to affect the academic achievements of VTHS students in
chemistry courses classify students with their achievements?

3. To what extent does the model emerged with the ANN analysis in the direction of
parameters that are considered to affect the academic achievements of VTHS students in
biology courses classify students with their achievements?

4. What are the most important factors affecting the academic achievements of VTHS
students in science (physics, chemistry and biology) courses and the measures to be taken
in order to prevent their failures?
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2 Methodology
2.1 The design and study group of the study

The study was structured in the survey model based on the quantitative research model.
Survey models are research approaches that aim to describe the past or present instance as it
exists. The event, the individual or object that is the subject of the investigation is tried to
be defined within their own circumstances [17]. The study group of the research consisted
of 922 students studying in 10th and 11th grades at VTHS in Turkey. Face-to-face meetings
were held with the students.

2.2 The data collection instrument

A pool of questions was formed in this study conducted in the survey model for the
collection of data. A questionnaire consisting of 40 items selected by the researchers from
this pool was developed. While the questionnaire used in the study was being developed, 6
items removed as they were not appropriate with language and measurement criteria
according to opinions of 3 science field specialists, 1 measurement and assessment
specialist and 2 technical education experts. Eventually, a 34-item questionnaire was
created. The content validity of the questionnaire was provided in this way. To perform
item factor analysis of the data obtained with the pilot study (250 participants) in the
construct validity phase of the questionnaire, the KMO value was calculated as .86, the
barlett test value was calculated as .00 and chi-square value was calculated as 2.183,
indicating item analysis can be carried out. Item 9, 29, 33 and 34, whose item loads are
below .30, were removed from the questionnaire for the item factor analysis. The KR20
reliability coefficient was calculated as .90 in order to determine the reliability. The final
questionnaire consisted of 30 items and 3 sub-dimensions. The parameters that are
considered to affect academic achievement were grouped under the following headings: 1.
Student Features, 2. Teacher-School Features, 3. Parent

2.3 Data analysis

ANN analysis was used in the statistical analysis process. Grade point averages of the
students at the end of the academic year were determined as output variables for ANN in
the research. A discrete variable with two categories that are unsuccessful (0) for students
with a grade average (0-2) and successful (1) for students with a grade average (3-5) was
formed. The items in the questionnaire that are considered to affect academic achievement
were approved as inputs. The prediction of the academic achievements of the students was
realized with ANN in the Matlab R2016a program using the inputs and outputs and a model
was created. Bayesian Regularization (trainbr) algorithm was used in training the feed-
forward back-propagation network. A three-layer feed-forward network that is input,
hidden, and output layer was used in the study. There are 70 neurons in the input layer, 30
neurons in the hidden layer, and 1 neuron in the output layer in the academic achievement
prediction model of each course.

3 Result

In this section, the findings and interpretations obtained by analyzing the data for the
purpose of the data are discussed.

3.1. Findings on the prediction of students’ achievements in science course
with the ANN analysis

80% (738 items) of the data set was used in training, 5% (46 items) of the data set was
used in validation, and 15% (138 items) of the data set was used in testing. The ANN used
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in the study has 70 inputs and 1 output with 30 layers. Findings obtained by analysis of
artificial neural network to classify students according to their academic achievements are
presented in Table 1.

Table 1. Classification Table obtained with ANN Model for Physics Course

ANN Actual Estimated Accurate Estimation Percentage
Steps Situation Successful | Unsuccessful (%)
Successful 363 1 99.7
Training Unsuccessful 367 2 99.5
Total %49 %51 99.6
Successful 16 1 94.1
Validation Unsuccessful 29 0 100
Total %37 %63 97.8
Successful 47 16 74.6
Test Unsuccessful 64 10 86.5

Total %43 %47 81

As seen in Table 1, 363 successful students were correctly classified, 1 was
misclassified into 364 from 738 individuals participating in total for physics course and the
accurate classification rate is 99.7%. 367 students were correctly classified, 2 were
misclassified into 369 unsuccessful students and the accurate classification rate is 99.5%.
The total accurate classification rate is 99.6%. 16 of the 17 successful students of 46
individuals who participated in the validation analysis were correctly classified, 1 was
misclassified and the accurate classification rate is 94.1 %. 29 of the 29 unsuccessful
students were correctly classified, 0 was misclassified and the accurate classification rate is
100%. The total accurate classification rate is %97.8. 47 of the 63 successful students of
138 individuals participating in the test were correctly classified, 16 were misclassified and
the accurate classification rate is %74.6. 64 of the 74 unsuccessful students were correctly
classified, 10 were misclassified and the accurate classification rate is 86.5%. The total
accurate classification rate is 81%.

3.2. Findings on the prediction of students’ achievements in chemistry
course with the ANN analysis

Findings obtained by analysis of artificial neural network to classify students according to
their academic achievements in the chemistry course are presented in Table 2.

Table 2. Classification Table obtained with ANN Model for Chemistry Course

ANN Actual Estimated Accurate Estimation Percentage
Steps Situation Successful | Unsuccessful (%)
Successful 423 0 100
Training Unsuccessful 309 0 100
Total %358 %42 100
Validation Successful 27 0 100
Unsuccessful 19 0 100
Total %59 %41 100
Test Successful 83 5 94.3
Unsuccessful 45 5 90
Total %60 %32.8 92.8

As seen in Table 2, 423 of the 423 successful students of 738 individuals participating
in total in the chemistry course were correctly classified, 0 was misclassified and the
accurate classification rate is 100%. 309 of the 309 unsuccessful students were correctly
classified, 0 was misclassified and the accurate classification rate is 100%. The total
accurate classification rate is 100%. 19 of the 19 successful students of 46 individuals
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participating in the validation analysis were correctly classified, 0 was misclassified and the
accurate classification rate is 100%. The total accurate classification rate is 100%. 83 of the
88 successful students of 138 individuals participating in the test analysis were correctly
classified, 5 were misclassified and the accurate classification rate is 94.3%. 45 of the 50
unsuccessful students were correctly classified and 5 were misclassified and the accurate
classification rate 90%. The total accurate classification rate is %92.8

3.3. Findings on the prediction of students achievements in biology course
with the ANN analysis

Findings obtained by analysis of artificial neural network to classify students according to
their academic achievements in the biology course are presented in Table 3.

Table 3. Classification Table obtained with ANN Model for Biology Course

ANN Actual Estimated Accurate Estimation Percentage
Steps Situation Successful | Unsuccessful (%)
Successful 425 3 99.3
Training Unsuccessful 305 1 99.7
Total %58 %42 99.5
Successful 30 1 96.8
Validation Unsuccessful 15 0 100
Total %67 %33 97.8
Successful 82 0 100
Test Unsuccessful 51 3 94 .4
Total %62 %38 97.8

As seen it Table 3, 425 of the 428 successful students of 738 individuals participating in
total in the biology course were correctly classified, 3 were misclassified and the accurate
classification rate is 99.3%. 305 of the 306 unsuccessful students were correctly classified,
1 was misclassified and the accurate classification rate is 99.7%. The total accurate
classification rate is 99.5%. 30 of the 31 successful students of 46 individuals participating
in the validation analysis were correctly classified, 1 was misclassified and the accurate
classification rate is 96.8%. 15 of the 15 unsuccessful students were correctly classified, 0
was misclassified and the accurate classification rate is 97.8%. 82 of the 82 successful
students of 138 individuals participating in the test analysis were correctly classified, 0 was
misclassified and the accurate classification rate is 100%. 51 of the 54 unsuccessful
students were correctly classified, 3 were misclassified and the accurate classification rate
is 94.4%. The total accurate classification rate is 97.8%.

Table 4. Classification Table obtained with ANN Model for Study-wide

Courses Actual Situation Estimated | Accurate Estimation Percentage (%)
Successful 426 95.9
Physics Unsuccessful 460 97.5
Total 96
Chemistry Successful 533 99.1
Unsuccessful 373 98.7
Total 98.9
Biology Successful 437 99.3
Unsuccessful 371 98.9
Total 99.1

As seen in Table 4, the total accurate estimation percentage is 96% for physics, 98.9%
for chemistry and 99.1% for biology in the study-wide.
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3.4. The most important factors affecting the academic achievements of
VTHS students in science (physics, chemistry and biology) courses and the
measure to be taken in order to prevent their failures

The most important factors with significance at p<. 01 affecting the academic achievements
of VTHS students in physics, chemistry and biology courses are given in Table 5.

Table 5. The Most Significant Factors of Academic Achievement with ANN

Normalized

Order of .o o

Courses Tmportance Factors Significance Significance
Percentage (%)
1 Class size .030 98.2
5 Use of different method in the 029 952
course

Physics 3 Participating in activities .029 95

4 Having a study room .024 79.7

5 The.economic situation of the 023 74

family

1 Class size .032 100
Chemistry 2 The father being literate .028 88.9

3 The father having an occupation .026 82.3

4 Regular studying situation .024 74.5

1 Enthusiasm for Biology .032 100

2 Regular preparation for exams .029 92.4
Biology 3 Coexistence of parents .026 83.3

4 Liking the biology teacher .026 82.9

5 Class size .026 82.1

As seen in Table 5, class size (%98.2) is forefront in the affecting factors in academic
achievements in the physics course. This is followed by different teaching methods
(95.2%), participating in activities (%95%), having a study room (79.7%) and the economic
situation of the family (74.2%), respectively. One of the most important factors affecting
academic achievements in the chemistry course is class size (100%). In addition, factors
such as father’s literacy status (88.9%), father’s occupation status (82.3%) and regular
studying (74.5%) are among the most important factors affecting academic achievements in
the chemistry course. The most important factors affecting the academic achievements of
the students in the biology course are: enthusiasm for the biology course (100%), regular
preparation for exams (92.4%), coexistence of parents (83.3%), liking biology teacher
(82.9%), and class size (82.1%). It can be considered that eliminating the negative impacts
of these factors can increase academic achievements of the students.

4 Conclusion and discussion

As a result of the study, a model that can predict the academic achievements of the students
with ANN was created. When it is desired to predict the future academic achievements of a
new student included in the model, with the emerged ANN model in science courses, the
probability of being predicted correctly is 96% for physics, 98.9% for chemistry and 99.1%
for biology. The multilayered model created by ANN correctly classifies 95.9% of the
successful students and 97.5% of the unsuccessful students for the physics course. This
suggests that the performance of predicting students who failed in physics is higher than the
performance of predicting successful students in this course and therefore the model created
by ANN can indicate better results especially in predicting unsuccessful students. The
multilayered model created by ANN correctly classifies 99.1% of the successful students
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and 98.7% of the unsuccessful students in the chemistry course. In this context, this
suggests that the performance of predicting successful students in the chemistry course is
higher than the performance of predicting the students who failed in this course and
therefore the model created by ANN can indicate better results especially in predicting
successful students. For the biology course, the multilayered model created by ANN
correctly classifies 99.3% of the successful students and 98.9% of the unsuccessful
students. According to this finding, the performance of predicting the students who
succeeded in the biology course is higher than the performance of predicting the students
who failed in this course and therefore the model created by ANN can indicate better results
in predicting successful students. It is possible to pay attention to factors such as setting the
class size in the pedagogical sense, delivering the lesson with different teaching methods
and techniques, increasing participation in activities, the fact that the student has a study
room and the fact that the economic situation of the family is well in order to influence
academic achievements of the students in physics positively. When considering the factors
that affect the academic achievements of the students in the chemistry course, it is possible
to interpret that appropriate class size, the father being literate and having an occupation,
and regular studying situation of the student affect the academic achievement positively.
Furthermore, it is possible to consider that having enthusiasm for the biology courses,
regular preparation for exams, coexistence of parents, liking the biology teacher, and
appropriate class size are influential on the positive direction of the academic achievements
in the biology course. One of the strengths of the model created by ANN is high accuracy
of the prediction of academic achievements of the students. However, this research is a
specific implementation since the study was carried out with a certain number of data
obtained from VTHS students. For this reason, it is useful to evaluate the results obtained
from the study, taking into account the limitations. It is considered that comparing
predictions by using logistic regression analysis or other techniques together with the ANN
technique carried out in the study can be beneficial to reach more accurate predictions.

This study forms a part of a thesis study titled « Prediction of Academic Achievements of Vocational
and Technical High School Students with Artificial Neural Networks in Science Courses (Physics —
Chemistry — Biology) and Measures to be Taken for Failure (Turkey- Malaysia Comparison) »
conducted by Ali YAGCI.
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