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Abstract

Choosing suitable track is a key success in the academic and professional
life. Whenever the specialization is appropriate for the student; an increase
in students’ performance is the natural result. In addition, it is an impor-
tant theme in a persons life and it is one of the vital topics which deserve to
be searched. Many studies investigated the influential factors affecting spe-
cialization selection by using statistical methods, but none of the researches
studied these factors and employed machine learning methods to a develop
classification model which can help to choose a suitable specialization.

In this research, we extracted the local influential factors in our area
(Palestine) by using filter approach Correlation-based Feature Selection (CFS)
and factor analysis approach Principle Component Analysis (PCA). Accord-
ing to the results, we identified five basic influential factors affecting special-
ization selection at the university in Palestine, which is Personal factors, de-
mographic factor, university factor, family background factor and academic
achievement factor. Then we developed a classification model which might
consider the first proposed model studying the influential factors affecting
the specialization selection and has the ability to predict the specialization
selection for high school students by identifying the suitable specialization
based on rules. To accomplish this; an extensive literature review was con-

ducted. We identified the influential factors affecting the specialization selec-
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tion based on the literature review, such as students grades, parents influence,
suitability for students talents and financial conditions and other factors as
well.

A special questionnaire was developed which covers various questions re-
lating the influential factors. The questionnaire was tested and arbitrated by
10 experts. Hence, our proposed model depends on extracting the previous
knowledge and student experiments. The collected data used as inputs to
build our classification model using PART. PART classifier is a rule-based
classifier that is built on partial decision tree without the need for global
optimization. The method combined between C4.5 method to generate a
decision tree from the training data and RIPPER approach used to gener-
ate rules by two stages which are repeated growing stage and pruning stage.
After developing the classification model, it was tested on a set which was
not used in the training model. It contains 70 student instance, who do not
know their class (major), but they want to know what future specialization
fits them. After they answered the questions, the classification model can
use to predict the suitable major for each student.

According to the results, the researcher found that the accuracy of the
proposed model is 77.4% for the training group. And for the testing group,
the results showed that the accuracy of the proposed model was 73.7%. So
the developed model adopted final 49 rules which considered as a map to

lead high school students steps toward choosing the suitable specialization.
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Chapter 1

Introduction

Universities specialization selection considered as one of the main decision
students can make in their social and career life. The National Career Devel-
opment Association (NCDA) in the United States pointed out that helping
individuals increase self-understanding of their abilities, interests, values, and
goals are vital foundations of the career development process [6]. Whenever
the specialization is appropriate for the student, performance of the student
will be better as a natural result. Choosing a suitable specialization can help
students to be creative and more interesting with their study, then the stu-
dents can complete their high education efficiently. According to 2noted that
unemployment rate related to inefficient university graduates. According to
[7, 8, 9], there are many factors affecting university specialization selection.
These factors may be related to student characteristics as abilities, interests
and other factors. Sarwar and Masood found the influential factors affecting
in specialization selection which represented with academic factors, social
capital factors, future prospect factors, human capital factors, market de-
mand factors and finally job prospect factors [10]. Another study focused

on the necessity of compatibility between the career selection and the char-



acteristics as in Hollands theory [11], he supposed that most people are one
of six personality types: Realistic, Enterprising, Investigative, Artistic, So-
cial and Conventional. According to a study at Tafila Technical University
(TTU), they found that the family and friends, future job factor, career op-
tion and occupational prestige considered as important factors in universities
specialization selection [7]. As there are influential factors in specialization
selection, there are problems which face students in specialization selection.

According to [12], found that 25% of students at 12th grade are unable
to decide their suitable major career choices. Crites (1969, in Zunker, 1990)
[8] suggested that about 30% of the students in high school and college are
undecided about a career. This problem continues with the students during
the undergraduate period. Moreover, it will affect their performance during
their future careers . When students select specialization which does not
fit their interests and/or abilities, this may lead to incompetence and lack
of qualifications needed by companies and other institutions [13]. This is
because the students abilities and orientations are not suited to the course
they have taken. Hence, the students career success can be best achieved
when the specification is suitable for their personality, ability, intellect and
their interests as well choosing a college major [8]. According to [4], many of
high school students have failed when they chose the wrong undergraduate
program, due to the inappropriate selection decision. According to [12], the
results of 12th grade found that counseling process helped them to under-
stand more about their future specialization. Thus 83% of the students felt
that counseling process can help them in selecting academic fields at the uni-
versity, then led to choose their occupational future choice. [14] concluded
that specialization selection problem is the biggest problem that faces high

school students. The first steps to solve specialization selection problem is



1.1. RESEARCH PROBLEM

identifying the influential factors in specialization selection at the university.
Some of these factors are social factors, future prospect factors, personal fac-
tors, grades and academic achievement, financial factors, university factors
and demographic factors [8, 9, 10, 14, 15]. In this work, a new proposed
model is presented to Palestinian students to select and predict their univer-
sity specialization better using different influential factors through machine

learning algorithm and tools.

1.1 Research Problem

Specialization selection problem is one of the main problems which students
suffer. Choosing inappropriate specialization with student skills and intel-
lectual, abilities is leading in the future to existence graduated students un-
qualified to works in professional life thus leading to increased unemployment

among young people.

1.2 Research Objectives

The main goal of this thesis is to suggest an intelligent model to help high
school students in specialization selection at the university. To achieve this
suggestion; the researcher studied the influential factors that impact choosing

the specialization. The thesis objectives are to:

1. identify the influential factors in specialization selection at the univer-

sity.

2. identify the local influential factors affecting specialization selection in

Palestine.



1.3. RESEARCH QUESTIONS

3. developing an intelligent model that can predict a suitable specializa-

tion for high school students in the future university study.

1.3 Research Questions

These questions can be answered through an intensive literature review:

1. What are the most influential factors in specialization selection?

This question could be answered throw literature review.

2. What are the local influential factors in specialization selection?
This question will be answered through filter approach which is (CFS)
Correlation- based feature selection method and statistical method
which is (PCA) Principle Component Analysis both will be combined

to extract the local factors in Palestine.

3. What is the suitable university specialization for high school students?

This question will be answered during developing intelligent model.

4. How could an intelligent model be built?

This question could be answered using the classification algorithm (PART).

1.4 Thesis Contribution

The thesis goal is to help high school students in specialization selection
before attending the university. To achieve that, a machine learning model
was developed by using classification algorithms (PART). Based on utilizing
the previous knowledge from undergraduate university students, The research
was built as a predictive model to determine what specialization fits high

school student taking aptitude in consideration. The main contribution of



1.5. THESIS ORGANIZATION

this thesis is none of the works was studying the various influential factors
in specialization selection and employed it to develop a classification model

by using machine learning algorithm.

1.5 Thesis Organization

This thesis is organized as follows, in chapter two we surveyed the literature
review and the theoretical material related to the subject. Where chapter
three presented the methodology followed. Then chapter four contained our
experiments which were conducted and achieved results and their interpre-
tation. The last chapter we presented and discussed the conclusion and the

recommended future works.



Chapter 2

Literature Review

In this chapter, we reviewed the previous studies related to our research.
Then it covered the background to understand the rest of the thesis and the
used concepts.

Many studies contribute to understanding what factors are affecting stu-
dent specialization selection at the university. Most of the studies examined
the reasons which make the students to select a particular specialization at
the university by using statistical methods. In this thesis, the researcher
employed machine learning to find the local influential factors to help high
school students in specialization selection at the university. In addition, we
aimed to determine the suitable specialization for them.

In [9], identified the factors affecting the students selection of their fu-
ture career at junior high school students. Based on the results of the study,
factors were divided into four elements; which are, personal factors, career
exploration factor, school factor and group factor. The factors are investi-
gated and analyzed statistically. The result showed that personal factor was
the most factor affecting the student’s decision, then family factor, career

exploration factor, while school factor was the lowest effected.



Kenneth Eduard etal.[14] determined the factors that affect the high
school students in choosing their college courses by using statistical anal-
ysis. They concluded that the financial stability of the family is the most
factor affected specialization selection. While Pascual [8] determined the
influential factors in selecting favorite specialization as seen in students sam-
ple in various specializations at the Philippine University. The data were
gathered using a standard questionnaire, Brainard Occupational Preference
Inventory (BOPI) scale, (BOPI) is a standard questionnaire contains a list
of questions to study students interests and educational plans and future
career in addition to students general grades at third year. The data were
statistically analyzed by SPSS, The research concluded that the availability
of work after finishing university studying is the first factor in specialization
selection. [10] determined what the factors affected in choosing a business
specialization at the university. According to their statistical study, six fac-
tors defined to contribute in specialization selection decision making, which
are academic factors, social capital factors, future prospect factors, human
capital factors as (personal interests, preferences and student tendencies),
market demand factors, and finally job prospect factors. The data were
gathered by a questionnaire; they concluded the six influential factors using
AMOS for confirmatory factors analysis.

Al-Rfou [7] studied the influence of future job factors and personal factors
in selecting a business major. It aimed to examine the relationship between
students gender, branch in general secondary, general secondary average and
the choice of business as a specialization. The results of the study found
that there was a significant relationship between the assumption factors and
selecting a business major. [15] determined the student’s demographic vari-

ables to predict their retention study as age, gender, ethnicity, color, and



high school academic achievement. [12] designed self-counseling and career
development programs to improve students problem-solving skills. Results,
after counseling the students, showed that they were understanding their
strength and weakness, also more able to solve problems.

In this research, we picked the most influential factors in specialization
selection as conducted in [14, 8, 10, 7, 9, 15] the target of that is to design
a questionnaire for data collection to conclude the local influential factors in
Palestine and to help high school students to select university specialization.
From the previous studies, we found none of them use machine learning al-
gorithm to help high school students at university specialization selection,
but it is intersecting with our research in studying the influential factors in
university specialization selection. Hollands [11] supposed six model environ-
ment that can be interpreted to career orientation - realistic, investigative,
artistic, socially enterprising and conventional. As long as there is a relation-
ship between personality model and environmental model, the compatibility

between them can lead to career and psychological stability.

The six environmental model

1. Realistic environments: concentrate on practical activities that often
use machines and tools within the specialization related with realistic
environments such as electrical and electronic engineering, mechanical

engineering and military studies.

2. Investigative environments: associated with activities that focus on the
creation and use knowledge. They prefer investigation and thinking in
problem-solving, thus finding the relationships between things. The
specialists associated with the investigative environment are mathe-

matics, physics, economy, sociology and civil engineering.



3. Social environments: focus on teaching and social guidance. The spe-
cialists associated with the social environment are political science,

nursing, philosophy, special education, and history.

4. Enterprising environments: includes persuasion skills, self confidence,

leadership tasks.

5. Artist environments: includes with creative activities, they are uncon-
ventional, intuitive imaginative and ambiguous. The artistic environ-

ment includes specialist of arts, music, speech architecture.

6. Conventional environments: required regular and routine and deal with
tangible verbal information, mathematics, numbers, routine tasks, re-
quired few social skills as working with office equipment and tools. The
examples of the conventional environments are accounting, economy,

secretarial, business office data processing.

According to Hollands theory, it helps to find the compatible specialization
with student personality.

From the previous studies, we concluded that we should study students
characteristics, their abilities, interests as well as their living conditions be-
fore choosing their specialization.

In [4], propodes a classification model for selecting an undergraduate pro-
gram by using data mining tool WEKA, This model aimed to help under-
graduate students in selecting a suitable major. The model has been built on
a number of variables (attributes) as student gender, old major (The major
program that student got), old GPA (GPA that student got from old school),
students education type, faculty (current one), they used C4.5 classification
algorithm to extract a decision tree rules. [5] used data mining technique to

help high school students in choosing their study track at school by analyzing

10



the experience of previous students in the same academic achievement. Both
of [4, 5] intersection of our research in using machine learning algorithm to
help students in their future selection but none of them studied the influential
factors in specialization selection.

In [16], proposed data mining- educational analysis model call (DMEDU).
The model was presented as a guideline for the higher educational system to
improve decision-making processes as planning, evaluation and consulting.
This study showed how employing data mining tools in education.

Kovacic [17] examine socio-demographic variables as ( gender, education,
age, work status, ethnicity, and disability) and course program in what extent
that affect on student pass and fail during collage by using data mining
methods and statistical analysis; two decision trees were generated using
CART and CHAID, the accuracy of CART tree was 60.5% and 59.4% for
CHAID but the feature selection results were not used in the classification
trees but they depend on the chi-square results and the generated tree to
conclude the important factors that affect on students success and fail.

Another study identified the priorities of vocational education courses as
well determined the required courses and less required by using the statistical
analysis by studying the relationship between the vocational education and
undergraduate students background as student gender, caste, course of study,
year of study and the living area. Based on the results of study there is no
relationship between student gender, living area and caste with the vocational
education interests [18].

Cortiz et al. [19] predicted the secondary students grade of two classes by
using the previous students school grades, demographic and social students
data. To achieve that they used four data mining techniques which are Deci-

sion Trees (DT), Random Forests (RF), Neural Networks (NN) and Support

11



Vector Machines (SVM).

Ma, Yiming et al.[20] identified the gifted students and weak students,

where weak students were to set for remedial classes; to achieve that they

used data mining technique which is Association rules, Naive Bayes and

C4.5. The results showed that the mining using association rules are better

than Naive Bayes and C4.5. Sacin, Cesol et al.[1] proposed recommendation

system to support students to select the suitable courses and the number of

courses. They depended on the real data of students considered as attribute

as courses enrolled in, name of course, accumulative GPA, term start, grade.

To build this system, C4.5 decision tree was used. Figure 2.1 illustrated the

proposed recommendation system.

-
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Figure 2.1: Recommendation system architecture [1]
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2.1. IDENTIFYING THE INFLUENTIAL FACTORS IN
SPECIALIZATION SELECTION

2.1 Identifying the Influential Factors in Spe-
cialization Selection

Influential is a cognitive factor that tends to have an effect on what you
do. Factor: anything that contributes causally to a result [21]. In this
thesis, we make a survey to find the most significant factors that influence

in specialization selection at the university.

1. Social factors (Family, peers, parents) in some societies, the family is
the most effective factor in students specialization selection [8]. Par-
ents may force their children to enroll some specialization, and students
may consult their elder sibling to help them choosing the specialization.
Parents, elders sibling, and peers are considered as impressive factors
in specifying a major [7]. According to the study cited in [8], it found
that 26% of sampled students took into account their parents consult
and advice. [10] found that social factors as family and peers are the
second influential factors in specialization selection. Another study in-
vestigated the role of parents (parental involvement) in choosing career
and education in Hmong /Mong area [22]. Parents must understand

their children mental abilities, interests, and tendencies.

2. Future Prospect Factors (future earning, career option, occupational
prestige and type of work ) the future earning, career option, occu-
pational prestige, and type of work considered as influential factors in
selecting the specialization [7]. According to the results of [10], it is
the third main influential factors in selection specialization. According
to [8] results found that the availability and opportunity for work after
finishing high school degree is the first influential factors in selection

specialization. (Pascarella and Terenzini, 1991) [11] have found career
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2.1. IDENTIFYING THE INFLUENTIAL FACTORS IN
SPECIALIZATION SELECTION

opportunities and rewards significantly affected by academic special-

1zation.

The problem in this factor makes students to choose misfit specializa-

tion to find a chance of work [8].

3. Personal factors ( Interests, Talents, Mental abilities, Intellectual skills)
According to Holland as cited in [12] argued that personality character-
istics are the major variable that effects in choosing a career. And the
second variable effects are career interest.[23] defines interest as some
thing that concerns, involves, draws the attention of, or arouses the cu-
riosity of a person. Academic achievement, personal aptitudes, Inter-
ests, mental abilities, all affect career choice and specialization [8]. Both
of [24], [10] they found that students interests in a type of work which
fits their abilities are a significant factor in specialization selection.
According to [8] results, specialization selection has an important rela-
tion with the favorite subject the students choice. Hence, it has been
considered as influential factors in specialization selection. Intellectual
skills are logical thinking, problem-solving, communication skills, de-
sign skills, organizational management and administration skills [25].
Based on literature review can divide personal factors to interests, tal-
ents and mental abilities. Students abilities playing a great role in

specialization selection [14].

4. Grades and Academic achievement In [4], [5] both of them adopted a
Grade Point Average (GPA) as parameters in their classification model
for helping high school students in the university specialization selec-
tion. [10] found that there is a relationship between Cumulative Grade

Point Average (CGPA) and specialization selection.
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2.1. IDENTIFYING THE INFLUENTIAL FACTORS IN
SPECIALIZATION SELECTION

5. Family Background factors: (Parents educational degree, Parents oc-
cupational classification, Parents socioeconomic status [9]) Parents oc-
cupational degree, especially father occupational degree considered as
an important factor in specialization selection since father considered

as a provider with financial needs at the family [§].

6. Financial factors (Income, Economic status) In some societies consid-
ered the financial income as a factor in specialization selection at the
university. Each of [8], [10] researches whether if the financial factor

has an important impact with students specialization selection.

7. University factors (Location, Academic program, Financial aids, Repu-
tation) It is considered as an important factor in our Arab environment.
Many of the students involved with study in such university for some
reasons as location; nearer to the place of living, academic program,

financial aids and university reputation [26, 14].

8. Demographic factor( Gender) According to Osakinle and Adegoroye [6]
identified that gender is one of the factors affected in major choice at
university. According to (Hagedorn, Nora, Pascarella, 1996; Leslie and
Oaxaca, 1998; National Research Council, 1991) as cited in [11] finds
that Gender is an important component in choosing college majors. In
contrast, in [10] found that there is no relationship between gender and

choosing the specialization.

According to Gribbons and Lohnes as cited in [12] they provided some

guidelines for career guidance programs in high schools:

1. Awareness of curriculum choices in terms of abilities, interests and

values.
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2.2. MACHINE LEARNING

2. Awareness of occupational choices in terms of abilities, interests, and

values and requirements.

3. Awareness of personal strengths and weaknesses relating to educational

and occupational requirements.

4. Accuracy and evidence of self rating in terms of relevant abilities for

educational and occupational requirements.
5. Accurate description of occupation
6. A willingness of individuals to take responsibility for their choices.

These guidelines supported our research to inference some of the influen-

tial factors can help students in specialization selection at the university.

2.2 Machine Learning

Machine learning is one of the artificial intelligence domain aims to design
and improve algorithms to make computer to be able to learn. Herbert Simon
defined machine learning changes in the system that are adaptive in the sense
that they enable the system to do the same task or tasks drawn from the
same population more efficiently and more effectively the next time [2]. In
another meaning, it is the ability to gain knowledge and improve it. The
main machine learning methods are supervised learning and unsupervised

learning.
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2.3. REDUCING DIMENSIONALITY

2.2.1 Machine Learning Methods
Supervised Learning (SL)

SL is defined as "The process of learning a set of rules from instances. In
other words, creating a classifier that can be used to generalized from new
instances”. [27]

Suppose f: X—7Y. Where f is a supervised learning function whereas
f(X) predicts the corresponding value of y. X is the inputs contain feature
vector denoted by xi = x1,29,..,x,, and Y7 is the output values contain the
labels denoted by yi = y1,Y9,..,y, where ¢ = 1,2,...n. A pair of (zi,yi) is
the training examples and a set of training examples represents the training
set [28, 29]. Supervised learning method illustrated in Figure 2.2 [28]. In
this research we used the rule based classifier which classified as supervised

learning.

Unsupervised Learning

Discovers unseen patterns in unlabeled input data sets. There is no training

group or class labels as in clustering [2].

2.3 Reducing Dimensionality

Reducing feature contains two main methods which are feature selection and
feature extraction. In this thesis, we used reduction feature to reduce the

number of features and extracting the important.

2.3.1 Feature Selection

Feature selection (F'S) is a technique for selecting and identifying a subset

of a relevant feature in learning model to enhance the generalization and
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Figure 2.2: Supervised Learning Process [2]
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2.3. REDUCING DIMENSIONALITY

reduce the overfitting. The benefits of this process help to eliminate irrelevant
features, increase model learning performance, accelerate it and decrease
computational costs, data reduction. Hence, decrease storage requirements.
(FS) technique contains three major approaches: wrapper approach, filter

approach and embedded approach [30, 31, 32].

The Steps of Feature Selection Procedure

1. The starting point is identified to decide the direction of search space.
In the case of backward elimination method starting with whole fea-
tures selection. Respectively remove and decrease features until finding
the required. Forward selection method starts without features and

adds new required features has the least error [32].

2. Organization of the search: determine the searching strategy to find the
subset features in the searching space. The number of possible subsets

s (2V). Where N is the number of available features.

3. Evaluation strategy: used to evaluate and estimate the subset feature
selection accuracy after feature selection process using the filter, wrap-

per and embedded approach[32] .

4. Stopping criteria: feature selector stops when the alternative stop im-
proves the classification accuracy, or it continues to review the feature

while merit does not break down [32]

2.3.2 Feature Selection Methods

Feature selection technique contains three main methods which are wrapper
approach, filter approach, and embedded approach. Figure 2.3 illustrates

feature selection methods.
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Feature
selection
methods

approach approach

Figure 2.3: Feature selection methods

Wrapper approach

This approach chooses the best subset features which fit the learning algo-
rithm as well used the learning algorithm to evaluate the features. It depends
on a predictive model in subset feature selection. Each new feature subset
is used to train a model. As a result of which, wrapper approach is more
expensive and more accurate than filter approach. But it is difficult to be

used in large data sets that include many features [31, 3, 32].

Filter approach

Filter approach finds the best set of feature without relying on the predictive
model (classifier). Hence it is more speed up than wrapper [23]. As well
do not need to rerun when changing to another learning algorithm [30, 3].
In this thesis, we used the filter correlation based feature selection since the

accuracy value of the model has the best value by using this filter.
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2.4. RULES -BASED CLASSIFICATION ALGORITHMS

Correlation-based Feature Selection (CFS) One of the filter meth-
ods measures a correlation based heuristic evaluation function for each fea-
ture subset and ranks it based on heuristic value. (CFS) filter basically relies
on measure correlation between feature with feature and feature with class.
The subset feature has a high correlation with the class label and weak corre-
lation with a feature- to- feature, so it was preferred and considered as useful

attributes [3].

Embedded approach

This approach joins the advantages of wrapper and filter approaches. It
chooses the best feature and evaluates it at the same time. Hence it has the

lowest complexity than wrapper approach [31].

2.3.3 Feature Extraction

In the feature extraction process, the goal is to reduce the number of dimen-
sions to extract new dimensions. According to [33], these methods may be
supervised or unsupervised depending on whether or not they use the out-
put information. Feature extraction has several methods as Factor Analysis
(FA), Principle Component Analysis (PCA) and Linear Discriminant Anal-
ysis (LDA). In our thesis, we used Principal Component Analysis to extract

the influential factors affected in specialization selection.

2.4 Rules -Based Classification Algorithms

It is an integrated technique includes two important techniques of data min-
ing, which is association rules mining and classification model. This method

basically contains from three stages which are rule generation, rule pruning,
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2.4. RULES -BASED CLASSIFICATION ALGORITHMS

and classification. It is important because it can produce more accurate clas-
sification models than traditional classification models. This technique con-
siders the class label as resultant of the rule. The examples of it are (CBA)
which is Classification based on Association rules, (CMAR) Classification
based on Multiple Association rules, PART which a combination between
C4.5 [34] and RIPPER [35], also it combined between both of advantages
[36, 37]. In our research, we used another rule-based classifier algorithm
to compare our prediction model using PART classifier and the following

classification algorithms:

2.4.1 OneR

OneR is an abbreviation of "one rule”, It generates one rule for each feature.
Then chooses the total minimum error feature as one rule [38].
For each predictor (feature) rules value is made as follows:
- Counting how many times the one value of class will appear.
- Determine the most frequented class.
- Assigning the class by the rule value.
- Calculating the rules total errors for each predictor.
- At the end, the predictor will be chosen as the one that has the smallest

total errors.

2.4.2 RIPPER

It is an abbreviation for Repeated Incremental Pruning to Produce Error
Reduction. It generates rules by two stages, repeated growing stage and
pruning stage.

During the growing phase the rules are made more restrictive in order to
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fit the training data as close as possible. During the pruning phase, the rules
are made less restrictive in order to avoid over-fitting, which can cause poor

performance on unseen instances [28].

2.4.3 PART

It is a rule based classifier algorithm combines C4.5 [34] and RIPPER [35]
paradigm. Hence, it is more efficient and more accurate than both. It makes
induction rule without global optimization. PART infers rules by creating a
partial C4.5 decision tree for each loop instead of fully explored one and the
best leaf is made into a rule. The building of decision tree is done by dividing
a set of instances into a partial tree frequently. First starting with a testing
node, then testing the entropy for the next node. After that expanding the
sub-tree by adding the node has the biggest entropy. In this thesis, we used
PART rule-induction to generate our rules and to build our prediction model
[36], the reason to choose PART is the combination of association rules and
classification at the same time. Also, it helps in attaining research goals by
extracting rules to predict the future suitable specialization for high school
students, in addition; it can predict what factors affecting in specialization

selection.

2.5 Performance measurement

AUC is used to evaluate the performance of the classification model. These
steps are done after building the classifier by training set. The Receiver
Operating Characteristics (ROC) curve is a graphical representation used
to measure the performance of the classifier. Each junction of ROC curve

represents two points (tpr, fpr). It contains two coordinates, true positive
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rate, and false positive rate. In the true positive rate, the examples were

classified correctly [39]. In our thesis, we find the ROC curve for seven

classes (majors) and making the comparison between them. In the case of

two classes positive and negative, the classifier figures the values as follows:
_ NegativesCorrectlyClassified

tn = 2.1
" Total Negatives (2.1)

_ PositivesCorrectlyClassi fied
N Total Positives

(2.2)

tp

Specificity or the true negative ratio measures the instances incorrectly

classified as shown in equation 2.3.

tn

fn+tn (2:3)

Speci ficity =

Sensitivity measures ratio of instances that are correctly classified or the

true positive ratio (tpr) as shown in equation 2.4.

ip
tp+in

Sensitivity = (2.4)

Confusion Matrix A probability table displays the differences between
actual classes and predicted classes. Furthermore, it can help to understand
the classification model in terms of where it works well and the place of the
errors. Given n,p. Where n is negative class and p is the positive class they
are actual. Based on a confusion matrix if the actual class label n and the
predicted class label is n then it is true negative, and if n classified as p it is
a false negative, and if the actual class label is p and the predicted class is p
then it is true positive otherwise it is false p [39]. In our prediction model,

we calculate the confusion matrix after building it. A confusion matrix is
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shown in Figure 2.4 .

Actual Predicted Class
Class
Positive Negative
Positive Ip Fn
Negative Tn Fp

Figure 2.4: A confusion matrix

2.5.1 Cross Validation (CV)

Is a method for evaluating the performance and estimating the risks of the
classification algorithm. In cross-validation method, the data set divided
into k-folds. (k-1) fold for the training set and one fold for testing. Each
fold contains a subset of the data set. Each data set contains a number of
instances have the same ratio of class labels.

For each K time the classifier generate the performance average f;. The

average of the results of fi, fo, fs5...fx is figured as follows:

=

f=> (2.5)

t=1

x|

cross-validation guarantee better schema in terms of bias and variance,
in addition, to avoid over-fitting. Therefore, we used this technique in our

thesis and divided data sets for validation and training [40].

25



2.6. RANDOM SAMPLING TECHNIQUE

2.6 Random Sampling Technique

Random sampling is categorized into two types which are the random sample
with the replacement, in which each element of the sample can be selected
more than once, whereas the element of random sample without replacement,
cant be selected more than one. In this research, population samples were

identified by using the random sample method [41].

2.7 Questionnaire

It is a tool used to acquire information and to collect data about the study
population. It contains a group of questions for research and study purposes.
The basic characteristics of the questionnaire should be delivery mode, sam-
pling techniques, and data analysis. The questionnaire should be built upon
the logical organization of questions; in which each section includes the re-
lated questions together [42]. In this thesis, we used the questionnaire as
a tool for data collection, taking into consideration the logical series of the
questions, in order to make it easier for students to choose. This tool used
by many researchers and diverse domains. Each of [7, 8, 9, 10, 26] used the

questionnaire as a tool for data collection in their researches.

2.8 WEKA environment

It is an abbreviation of Waikato Environment Knowledge Analysis. It is
an open source software, provides implementations of a machine learning
and data mining algorithm written in Java, developed at the University of
Waikato in New Zealand, WEKA contains tools for association rules, regres-

sion, classification, clustering, visualization, and data pre-processing. Many
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of researches used WEKA environment. In this research, WEKA environ-
ment has been employed to develop our proposed model. Few advantages of

using WEKA can be mentioned:

1. The possibility of using GUI of WEKA directly and visualizing the

results on the output screen.

2. The possibility of calling WEKA libraries by using JAVA language
[43, 44].

2.9 Discussion

Many of researches covered one or more sides of our study. But there is no
research used our methodology to solve the specialization selection problem.
The bulk of the studies was exhaustive to find the influential factors affected
in specialization selection by using statistical analysis as in [9, 10, 26, 22].
Table 77 illustrates other framework contributed in solving specialization
selection. In this research, researcher studied the factors theoretically. Based
on that, a special questionnaire was built to investigate these factors in our
area, especially in Palestine. Then input data were coded (questionnaire) and
analyzed to build the classification model. In contrast, some of the research as
in [4, 5] employed machine learning tools and methods to build classification
model using decision tree (C4.5 classifier). Both of the previous proposed
classification models are good models because they are achieved the desired
goals. But in this research may will not achieved our desired goals when
using their methodologies because the number of features and the data set
are different and the used classification algorithm (C4.5) do not perform our
goals which identify the specialization selection for high school students and

identify the influential factors in specialization selection. To achieve that
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we need rule-based classification algorithm as PART algorithm. Table2.1

illustrates the dataset and the results of the classification models.

Table 2.1: The dataset and the results for other frameworks

The classification Number
Number of students | Number of features of Accuracy]
model
Classes

Classification  model 6 class
(Al-Radaideh Q,2011) | 28 one feature el 87.9%
Classification ~ model

: 22 class
(Jirapanthong. W, | 4000 seven features 87.9%
2009) label

Table 2.2 illustrates the other methodologies to contribute to solving spe-

cialization selection problem.

Table 2.2: Other frameworks to solve specialization selection problem

(Al-Radaideh Q,2011)

Frame work model Summary Method

Classification =~ model . . .

(Jirapanthong. W, Found classification model for selecting Decision tree- C4.5 algorithm
2009) an undergraduate program.

Classification  model Built classification model for helping

high school students choosing the suit-
able branch at Tawjihi.

Decision tree- C4.5 algorithm

Career planning pro-
gram (Ming-Shang Su,
et al.,2016)

Identified factors affecting the Stu-
dents career decision-making of Junior
High School Students.

Statistical analyzing

Career Planning Pro-
gram (Pascual. N,
2014)

Identified Factors affecting the Stu-
dents Career Decision-Making for high
school Students.

Statistical analyzing
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Chapter 3

Research Methodology

Introduction

In this chapter, we illustrate the methodology we followed in the research.
We develop an intelligent model to predict the fitted specialization for high
school students using the classifiers (PART). The data set was gathered by
questionnaire. The questionnaire was built according to the literature review
about the influential factors affecting in specialization selection process. It
was tested and validated by a number of specialists. Then it was improved
according to their notes and comments. After building the proposed model, a
comparison between other machine learning methods as RIPPER algorithm
was made to compare the accuracy results between them. Palestinian local
influential factors also extracted and released on reduction features methods
which are feature selection and feature extraction. In figure 3.1 illustrated

our research methodology.
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Figure 3.1: The research methodology
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3.1 Data Collection

A questionnaire was used for data collection, the questionnaire was in two

forms, soft form and hard form.

3.1.1 Designed Questionnaire

Our questionnaire designed based on previous literature which studied the
factors and parameters affecting with students when they have chosen their
specialization as mentioned in the previous chapter. Hence, the investiga-
tion is compatible with the influential factors that affecting students in their
specialization. It was tested and validated by experiments and specialist.
To ensure questionnaire distribution among studying sample, an electronic
questionnaire was designed using Google forms [45] in addition to the hard
copy questionnaire. Each of them contains several parts. Hence, each student
answers the questions based on two criteria. First, their studying branch at
the high school as (Scientific, Literary, Industrial or Commercial). Secondly;
their specialization at the university. The questionnaire basically consisted
of three parts, profile part, the second was specialization questions, and the
third was general questions. Each student had to go through all parts.

Profile questionnaire: consists of questions related to participants with
the investigation. These questions availed a background for each participant
in the research. As Track, the current specialization, Number of family mem-
bers, place of living and the gender.

Particularly questions for specialization: This part consists of spe-
cial questions for each specialization and it is different from other questions
in the other specialization.

The general questions: Consists of common questions related to each

31



3.1. DATA COLLECTION

specialization. Figure 3.2 shows questionnaire with reference.

3.1.2 Questionnaire validation

Questionnaire validation is considered as one of the important steps of ques-
tionnaire building which helps in evaluation and improvement. It depends
on the opinions and comments of arbitrators. In our research after build-
ing questionnaire, it was arbitrated and tested by specialist and scholars in
various fields as management, education and computer science. According
to their notes and comments, we screen out the lowest related questions and

improved a questionnaire in the final form to be prepared for data collection.

3.1.3 Sampling

Random sampling is categorized into two types which are the random sample
with the replacement, in which each element of the sample can be selected
more than once, whereas the element of a random sample without replace-
ment, cant be selected more than. In this research, population samples were
identified by using the random sample without replacement method [41]. In
the data collection process, a random hour was chosen for the questionnaires
to be distributed during the lecture for all specialization in Palestine Poly-
technic University and Hebron University.

Training sample: the goal of the training sample is to train and teach
our predictive model. The training set was collected from undergraduate
university students at Palestine Polytechnic University (PPU) and Hebron
University.

Testing sample: the goal of the testing sample was to test our predictive
model students at Secondary School certification (Tawjihi) to predict the

future specialization at the university. The testing sample was collected
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Figure 3.2: The general questions of the questionnaire
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from students at Hebron Governorate by the same questionnaire used for

data collecting at the appendix.

3.2 Data set

In our research, students of Hebron University and Palestine Polytechnic
University (PPU) were the study sample, the number of students at Hebron
University is around 9000 students [46]. Also, the number of students at
Palestine Polytechnic university is around 6000 students [47] till the time
of data collection. Our questionnaire was distributed to all college students
in both universities randomly [41] for students of 2nd, 3rd, 4th and 5th
years. Hence, the sample population size around 15000 samples. In our
research, we distributed around 700 questionnaires in hard form. In addition
to electronic questionnaire form. But the number of valid instances was 700
samples. In this thesis, we adopted their responds since their Cumulative
Grade Point Average (CGPA) over than 65%. Hence, we supposed they are
passed in their specialization. Then we develop our prediction model on their
responds long with previous students experiments to discover patterns that
can help in finding the impact factors in specialization selection. We used
Excel workbook to save data set.

According to data collection by questionnaire, one feature was gotten
(attribute) to each question, considered as inputs in the classification model.
Hence, the whole number of features is 52 features, and there were 7 classes
labels (major), each major contains a sample of students as illustrated in

Figure 3.3.
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Number of
students = 629

T

| . |
Engineering g;’:r?;‘;‘e’ Sciences Agricultural Pharmacy Education  Arts

Figure 3.3: Number of students in each major

3.2.1 Data Entry

Data entry is considered the first step after data collection. In this thesis,
we used Microsoft Office Excel 2007 for data entry and storage. We used a
comma-separated values (CSV) files to save our collected data, in addition,
to use Attribute-Relation File Format (ARFF) because WEKA environment
can handle this type of files. The input data contains students answer which
will be used to build the classification model, each column of the work-sheet

included one factor.

3.2.2 Data Cleaning

The main goal of data cleaning is to identify the missing data, incomplete,
inaccurate, and improving the quality of error correction and replacing the
missing value [48]. One of the main problems we faced in this thesis was the
missing values problem. The missing values are compensated by several ways
such as calculating the arithmetic mean or mode of a set of values by sum
all of the values and divide it by the number of values. Assume we have the

following values x1, o, z3...x, the arithmetic mean is calculated as follows.
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SPECIALIZATION SELECTION

_ x
=yt

In our approach, we used the arithmetic mean for filling the missing values

to improve the accuracy of our proposed model. The reason to filling the
missing values because our questionnaire designed for different specialization

and different branches as well each specialization contains different questions

than others. Hence, will not answered all the questions and will be as missing

values.

3.3 Identifying the influential factors in spe-

cialization selection

Identifying the influential factors affected in specialization selection based on
the previous studies is the basis of our research. The main influential factors

were displayed in details in the literature review chapter and we shall briefly

present it.

Table 3.1: The influential factors

The Influential Factor

Components

Social factor

Represented by family, parents, and peers im-
pacts

Future prospect factor

Represented By career option, future earning,
occupational Prestige type of work

Personal factors

Represented by mental abilities, talents, and
interests

Grade and academic achievement

Represented Cumulative grade, point average
in high school

Family background factor

Occupational degree, educational degree, and
socioeconomic status

Financial factor

Monthly income, economic status of the family

University factor

Represented by available academic program,
University location and reputation, providing
students financial aids

Demographic factor

Represented With the student gender

According to these factors, we designed a questionnaire contains a variety

of questions used as a tool for data collection. Figure 3.4 illustrates the basic
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SPECIALIZATION SELECTION

influential factor in specialization selection.

Figure 3.4: The basic influential factors

3.4 Identifying the Local Influential Factors
in Specialization Selection

In order to find the local influential factors, we used reducing dimensionality
methods which are feature selection and feature extraction. To implement
that, we used filtering approach and statistical analysis.

Reducing the influential factors can help in understanding the most im-
portant factors influencing in specialization selection in Palestine. To reduce

these factors we used two approaches which are feature selection and feature
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extraction [33]. In feature selection, we use filter method which is Correlated
based Feature Selection (CFS) [3]. In addition, and to use the extracting
feature, Principle Component Analysis (PCA) was used [33]. (PCA) can
find a set of correlated factors among, which lead to more general factors
(Components) not correlated with each other. From this procedure, we can
extract and select the important factors that contribute to specialization se-
lection process in our local area (Palestine). The reducing feature process is

illustrated in figure 3.5

Reducingfactors

// T

Feature Feature selection

extraction

~. <

The influential
factors

Figure 3.5: Reducing Features

3.5 Developing our Proposed Classification Model

First, our data sets split into a training set, validation set, and testing set.
PART algorithm [49] has been used to build the predictive model, and look-
ing forward to develop a model that has the ability to keep the old one and

to contain the old training data by which, the new supplied data for a new
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student can be used by the old model to choose the suitable specialization.
PART algorithm combined between RIPPER and C4.5 classifiers. The im-
portance of using PART classifier is the accuracy and simplicity of produce
rules sets by incrementally generated partial decision tree without the need
for global optimization. In addition build pruned partial decision tree for a
set of instances to produce a single rule; which means this algorithm generates
and explores the partial tree to induction one rule. Hence, this decreases the
complexity time and improves the performance. PART classifier proposed
by Ian Wettin and Eibe Franke. Figure 5.1 illustrates our methodology for

developing the proposed model.

3.5.1 Model Training

This step involves taking the data set which is known by the class label
(major) to build and train the classifier and rule extraction. The training set

was 629 students of undergraduate students to build the learning classifier.

3.5.2 Model Testing

In our approach we tested the building model in two stages: first, using
cross-validation technique to validate and test the building model through
the building process. In each time, dividing the training set into k folds.
(k-1) folds for training the model and the remaining fold for testing. In
this research, we split our data set into 5 folds, 4 folds for learning model
represented by gray and 1 for testing model represented by blue, then we
measured the performance each time and found the performance average. In
the second stage after building the model, we tested it by using a testing set
which was not used in the learning model. This set contained 70 students

with the unknown class label (major) to predict it. The testing set contains
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Figure 3.6: The proposed classification model
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students in the second secondary grade (Tawjihi stage). Figure 3.7 illustrates

the k-fold cross validation, which used in the building model.

K=2

K=4

K=5

T
w

Figure 3.7: Cross-Validation
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Chapter 4

Results and Finding

Introduction

In this chapter, We used rule-based classifier (PART) to build our classifica-
tion model. Because our proposed model was built on the prediction rules
that help to understand the influential factors in specialization selection, then
chose the suitable specialization for high school students. The dataset was
divided into three parts which are training set, validation set, and testing
set. To do the experiments in this research, we used the lab top with proces-
sor Intel Core(TM) i5, 4200M @ 2.50GHz, memory 4GB and the operating
system Windows 7 with 64 bit. We used net Beans IDE 8.0.2 in coding, in
addition, WEKA tool version 8.3.1 was used and SPSS statistic version.18.
A series of experiments were held to achieve the objectives of the research as

will be illustrated later.

4.1 Identifying the Local Influential Factors

Identifying the influential factors in specialization selection in Palestine is one

of the main objectives of the thesis. To achieve this goal we used reducing

42



4.1. IDENTIFYING THE LOCAL INFLUENTIAL FACTORS

feature method which contains feature selection and feature extraction [33].

4.1.1 Identifying the Local Influential Factors Using

Feature Selection

Before adopting this method, as a way to find the local influential factors,
we tried to use wrapper approach for feature selection, but did not offer
the required results because wrapper approach could not handle with high
numbers of features. But using CFS filter we found it is more suitable and
compatible than wrapper as well we get the required results.

CFS technique illustrated in the figure 4.1. In our research, we used the
filter approach which is Correlation-based Feature Selection (CFS) [3] for
selecting the relevant features (factors). According to (CFS) filter and the
extraction rules, we find the main influential factors in our Area especially
in Palestine as illustrated in the Table 4.1. In this method the selected
features(factors) is arranging according to the merit wight. Thus the feature
has the highest merit considered as the main effected factor in specialization
selection. Another approach was used to identify the influential factors which
is the statistical analysis by [8] determined the factors affecting with high
school students by calculating the mean value and standard deviation of the

factors affecting.

4.1.2 Identify the Influential Factors by Using Feature

Extraction

Another method for reducing factors which is feature extraction method. In
this approach, we used Principle Component Analysis (PCA) to identify the

influential factors. To achieve that, we tested the correlation between the in-
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Figure 4.1: Correlation based feature selection technique [3]

Table 4.1: The local influential factors extracted by using (CFS) Filter

Factor Number | Factor Name

Factor 1 Track

Factor 2 Gender

Factor 3 Skills

Factor 4 Breeding animal at childhood
Factor 5 Tawjihi Average

Factor 6 The reason to choose university
Factor 7 English language average

Factor 8 Problem solving skill

Factor 9 Fixing devices

Factor 10 Driving cars

Factor 11 The preferred subject

Factor 12 Cultivation of plants in childhood
Factor 13 Making scientific experiment at childhood
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put factors also to test the strength of the relationship between factors thus
measure the adequacy of the sample , based on the value of Kaiser Meyer
Olkin (KMO). We found the (KMO) value is 0.931, which is an excellent
relationship between factors. To find associated factors we based on the Ro-
tated Component Matrix table after tuning the parameters. We considered
the accepted loading values >= 0.4. The number of factors were identified
according to Eigen -value. The reason to use (PCA) because it is considered
as one of the most accurate and popular methods of mathematical analysis.

Table 4.2 shows the factors which had a strong correlation that can be

generalized to the academic achievement factor.

Table 4.2: The Extracted Component

Component Name (Academic achievement ) | Loading’s values
Track 0.8
Contemporary Issues subject Average 2.220
Islamic subject Average 1.820
History subject 2.168
Health subject Average 1.365
Geography subject Average 1.809
English subject Average 1.449
The preferred subject 1.513
Characteristic analyzing factor 0.614
Favorite documentaries 0.541

In the Table 4.3 illustrated the influential factors affected in specialization

selection using Principle Component Analysis (PCA).

Table 4.3: The Extracted Factors by Using (PCA)

The Factor Number | The Factor Name

Factor 1 Academic achievement

Factor 2 The preferred subjects

Factor 3 The character you cast at childhood
Factor 4 Father career

Factor 5 The reason to choose your university
Factor 6 Reason to choose your major
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4.1.3 Identifying the Final Local Influential Factors by

Using (CFS) and (PCA)

To understand the main influential factors in our area, we used Principle
Component Analysis (PCA) and the filter Correlation-based Feature Selec-
tion (CFS) method. Then we identified from both of results the local influ-
ential factors affected specialization selection at Palestine. The tables below
illustrate the influential factors. According to our study. The first influential
factor is grade and academic achievement, this factor represented by Tawjih
average and the track at the secondary stage this factor was identified by
4, 5]

According to the results, we proved their effects in Palestine. The sec-
ond influential factor is the demographic factor which represented with the
student gender, this influential factor was identified by [6, 11, 10] further
more our proposed model proved this factor as affecting factors in special-
ization selection. The third influential factor is the personal factor which
represented with the student interests, skills, talents and mental abilities, it
was studied and identified by [8, 10, 12, 24], the fourth influential factor is
family background factors as in [9, 8], affected by parents educational de-
gree, parents occupational classification and parents socioeconomic status.
According to our results, family factor represented with father career, which
affected specialization selection in Palestine.

The fifth influential factor is university was identified by [26, 14] which
represented with the reasons to choose the university as reputation and place
of the university, financial aids, availability of academic programs. According
to our results, we proved this factor as an influential factor in specialization
selection in Palestine. figure 4.2 illustrated the final local influential factors

in Palestine.
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Figure 4.2: The basic local influential factors in Palestine
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4.2 Developing the Proposed Classification Model

One of the main goals in this research is developing classification models
to help high school students to select university specialization. We used
PART classifier through WEKA environment and tuning the parameters
throw WEKA to obtain optimal classification model. (k-fold) cross valida-
tion was used for evaluation to ensure each training set (k-1) times and once
for testing. A cross-validation is applied to evaluate performance predictive
model. 4 folds for training the model and 1 fold for testing. By applying (5
folds) cross-validation the accuracy of our proposed model was improved as
shown in the Table 4.4. Our proposed model was built based on students
instances at the undergraduate level, who belong to all university years, from
the first year to fifth-year students. This sample of students instances used
as a training data to teach and train our classification model. We found
628 valid students instance. And 7 class label (major). The accuracy of the
development model was 67.7% when split training data into 5 folds using
cross-validation. We improved the accuracy to 72.1% when split training
data into 9 folds. Then we make experiments by reducing the number of
classes (majors) and tuning the cross-validation into 5 folds as well we used
filters to get rid of the irrelevant features then the accuracy improved to
77.5%. According to the experiments and results, we noted that whenever

reduced the number of the classes, then the accuracy will be improved.

4.2.1 Improved the Proposed Model

To improve our proposed model we making features engineering by puts a
hypothesis, for example, we merging two similar features into one feature and

calculate the average weight for them. But the accuracy was not improved
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a lot.

Table 4.4: The accuracy of the development model vs number of folds

Number of folds | Accuracy
3 folds 76.9%

4 folds 73.2%

5 folds 77.4%

6 folds 74.8%

7 folds 5%

8 folds 73.9%

9 folds 76.1%

10 folds 73.4%

Figure 4.3 illustrated part of the code was used to build the PART clas-

sifier using WEKA environment.

package javaapplicationé;

[l import java.io.BufferedReader;
import java.io.FileReader;
import weka.core.Instances;

— import weka.classifiers.rules.PRRT:
pukblic class JavaApplicationé {

= public static void main(S5tring[] args, Instances instancell) throws Exception {
PART partl=new PART();
Instances instancel;

System. gur.println(instancel);
instancel.setClassIndex (instancel.numAttributes ()-1);
partl.setUnpruned (false) ;

partl.setNumFolds (3);
partl.setMinfumObi (2);
partl.setReducedErrorPruning (false) ;
partl.setConfidenceFactor (0.2f);
partl.setBinarySplits (true);
partl.buildClassifier (instancel);
partl.setSeed(1):

partl.getClass():

partl.buildClassifier (instancel);

System. our.println (partl):
L [ ﬂ

instancel = new Instances(new BufferedReader (new FileReader ("C:\\Program Filez\\leka-3-2\\Lubaba-Data.arff

Figure 4.3: Building PART classifier by using Java code

4.2.2 Rules Extractions

It is represented as a map to help students choosing their future specializa-

tion. The extracted rules represented in an understandable language built

49




4.2. DEVELOPING THE PROPOSED CLASSIFICATION MODEL

using classifier PART. After developing our classification model we extracted
these rules. The goals of these rules are to understand the conditions of en-
rollment in specialization at the university. Each rule is a pattern includes
a condition or a set of conditions and factors to meet with each other to
represent a rule. The following tables illustrated the extraction rules that
help students in choosing their specialization in the future.

Table 4.5: The Rules of Studying Arts

1- The student can study this specialization if track = literary

AND English Language Avg = v.good AND track = literary AND skills = multi- Languages
2- The student can study Arts if track = literary AND skills = different Cultures

3- The student can study Arts if track = literary AND English-Language Avg = excellent
4-The student can study Arts if track = literary AND Tawjihi Avg = 90-94.9

5- The student can study Arts if track = literary AND Tawjihi Avg = 85-89.9

According to the extracted rules in the Table 4.5, we concluded that the
students who are familiar with language skills have interests in learning about
other culture, and their Tawjihi literary stream average ranges between (85-
94.9), then our proposed model found there was compatibility between this
feature and the specialization, so they were advised by the proposed model
to study Arts specialization.

At engineering specialization, we noted that the students who were dis-
tinguished with problem-solving skills, designing skills, and communication,
so they were advised to study engineering and or the subjects related to
technology, English language, Arabic language and geography-history. Fur-
thermore, our proposed model encouraged the males to enroll in one of these
subjects, we noted that the students who did experiments at the childhood
stage, as fixing devices, making scientific experiments or driving the car at
adulthood, can study engineering. Table 4.6 illustrated the extracted rules
of studying engineering specialization.

According to the extracting rules from our proposed model, we found that
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Table 4.6: The Rules of Studying Engineering

1-The student can study Engineering if Problem-Solving Skill = moderate
AND gender = male
AND breeding Animal At Child= no AND scientific EXP at Child = chemical Exp AND the preferred Subject = other

2- The student can study Engineering if skills = designing

3- The student can study Engineering if gender = male AND breeding Animal At Child = no
AND scientific EXP at Child = chemical Exp AND Problem Solving Skill = moderate
AND the preferred Subject=technology AND tawjihi Avg = 80-84.9

4- The student can study Engineering if gender = male

AND breeding Animal At Child = no

AND scientific EXP at Child = chemical Exp AND Problem Solving Skill = moderate
AND the preferred Subject = Scientist Subject

5- The student can study Engineering if the preferred Subject = geography-history
AND gender = male

6- The student can study Engineering if track= Scientific AND
skills = communication

7- The student can study Engineering if the preferred Subject = English Language AND gender = male

8- The student can study Engineering if the preferred Subject = Arabic Language

9- The student can study Engineering if driving Car = no

10- The student can study Engineering if the preferred Subject = geography-history
AND gender = male

11- The student can study Engineering if the preferred Subject = technology

12- The student can study Engineering if fixing Devices = yes

students with Tawjihi average ranges between (75-79.9), and the university
near the residential place, the outputs of this group advised them to study
agriculture. As well if they prefer the subjects of science, health and technol-
ogy and they did biological or physical experiments at the childhood stage,
so the proposed model advised them to study agriculture. This feature,
whether combined or separated, affects in the selection of the agricultural
major, Table 4.7 illustrates the rules that help to study agriculture

Table 4.7: Rules of Studying Agricultural

1- The student can study Agricultural if breeding Animal At Child = yes
AND scientific EXP at Child = physical Exp

2- The student can study Agricultural if breeding Animal At Child = yes
AND scientific EXP at Child = bio Exp AND the preferred Subject = Scientist Subject
3- The student can study Agricultural if scientific EXP at Child = bio Exp
AND preferred Major Before = Eng Major

4- The student can study Agricultural if scientific EXP at Child = bio Exp
AND the Reason To Choose University = nearness

5- The student can study Agricultural if scientific EXP at Child = bio Exp
AND the Reason To Choose University = future Jop Fits

6- The student can study Agricultural if the preferred Subject = health Subj
7- The student can study Agricultural if the preferred Subject = technology
AND Tawjihi Avg = 75-79.9

Based on the extracted rules in Table 4.8, we found that students chose

the literary track at secondary stage and have skills of presentation, problem-
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solving and analysis-inference, and if the students Tawjihi average ranges

between (70-74.9), then our proposed model advised them to study education.

Table 4.8: The Rules to studying Education

1- The student can study Education if track = literary AND skills = analysis-inference

2- The student can study Education if track = literary AND skills = Problem Solving THEN STUDY Education

3- The student can study Education if track = literary AND skills = presentation

4-The student can study Education if track = literary AND Tawjihi Avg = 70-74.9

5- The student can study Education if track = literary

According to the extracted rules in the Table 4.9, we concluded that
student who studied at the scientific track and preferred the subjects of
maths or science, did biological experiments or bred animal at the childhood
stage, such students were advised by the proposed model to study science.

Table 4.9: The Rules of Studying Sciences

1- The student can study Sciences if breeding Animal At Child = yes
AND the preferred Subject = Scientist Subject

2- The student can study Sciences if breeding Animal At Child = yes AND the preferred Subject = maths

3- The student can study Sciences if scientific EXP at Child = bio Exp
AND preferred Major Before = pharmacy AND breeding Animal At Child = no

4-The student can study Sciences if track = Scientific AND scientific EXP at Child = physical Exp

5- The student can study this specialization if preferred Major Before = IT AND Animal breeding At Child = yes

6-The student can study Sciences if the preferred Subject = maths

We concluded from Table 4.10that the students who preferred science
subjects and the average of Tawjihi ranges between (90-94.5) can study phar-
macy.

Table 4.10: The Rules of Studying Pharmacy

1-The student can study Pharmacy if the preferred Subject = other
AND Tawjihi Avg = 90-94.9
2- The student can study Pharmacy if the preferred Subject = Scientist Subject

As shown by the proposed model, studying Computer Sciences and In-
formation technology for the students who prefer management, technology
or English language, in addition to females with Tawjihi average between
(90-94.9). also, the students who are distinguished with persuasion or fix-

ing devices were encouraged to study Computer Sciences and Information
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Technology. Table 4.11 contains the extracted rules that help high school

students to choose.

Table 4.11: The Rules of Studying Computer Sciences and Information Tech-
nology

1- The student can study CS &IT if skills = persuasion

AND Problem Solving Skill = few

2- The student can study CS &IT if the preferred Subject = management

3- The student can study CS &IT if the preferred Subject = technology

AND breeding Animal At Child = no AND skills = persuasion AND gender = male

4- The student can study CS &IT if the preferred Subject = technology

AND gender = female AND Tawjihi Avg = 90-94.9

5- The student can study CS &IT if preferred Major Before = sciences

6- The student can study CS &IT if prefer Major Before = arts

7- The student can study CS &IT if prefer Major Before = other

AND the Reason To Choose University = good Reputation

8- The student can study CS &IT if prefer Major Before = pharmacy

9- The student can study CS &IT if the preferred Subject = other AND fixing Devices = yes
10- The student can be studying CS &IT if the preferred Subject = technology AND gender = female
11- The student can study CS &IT if the preferred Subject = English Language

4.3 Testing our Prediction Model (Model Ver-
ification)

After building our proposed model we tested it by using other students in-
stances with an unknown class, they wanted to know the future specialization
selection at the university. The number of students was 70. The accuracy

testing of the developing model was 73.7%.

4.4 Performance Measurement

4.4.1 Confusion Matrix

Based on the results as extracted from the developing classifier, Table 4.12

showed:

1. There are 177 students study Engineering. After training the classi-

fication model, 137 students were classified into engineering correctly.
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But 40 students incorrectly classified.

. There are 115 students studied Information Technology and Computer

engineering (IT-CE) the classification model classified 85 students cor-

rectly to I'T-CE. But 30 students incorrectly classified.

. There are 81 students studied Science, the classification model classified

correctly 32 students to Science. But 49 students incorrectly classified.

. There are 60 students at the Agriculture, 20 were classified correctly,

whereas 40 were not.

. There are 61 students study Pharmacy. The classification model clas-

sifies them correctly to 30 at Pharmacy. But 31 students incorrectly

classified.

. There are 72 students who studied Education. The classification model

classified 62 students correctly at Education but 10 students incorrectly

classified.

. There are 63 students who study Arts, the classification model classified

them into 57 of Art, but 6 students incorrectly classified.

From the previous confusion matrix results, we noted that in some majors

the classification model miss classified them because some of the majors are

similar in the features. For this reason, the classification model may miss

classified it. Table 4.12 represents the confusion matrix with n*n size. It is

provided with a description of classifying the examples into class labels based

on a predictive model.
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Table 4.12: The results of confusion matrix for our prediction model

A B |C |D|E |F |G | Class label
13712415 |1 |10|0 |0 | A= Engineering
16 [8 9 |0 |5 |0 |0 |B=IT and CE

5 141321151150 |0 | C= Sciences

2 7 1231208 |0 |0 | D= Agricultural
5 1019 (7 [30]0 |0 | E=Pharmacy

0 1 |0 [0 [0 [62]9 | F= Education

1 0O [0 |0 |5 |57 |G=Arts

4.4.2 Area Under Roc Curve

The area under roc curve makes a description of the examples that classified
correctly in the proposed prediction model. Whenever the ROC curve for
the classifier is nearest to 1 value, then the average of the AUC is well. The
AUC value ranged between [0-1]. Suppose we have AUC=1, AUC of the class
label =z;z > 0;x < 1 then ErrorRate = AUC — x. The error rate value
represents the proportion that the classifier failed in classifying the training
set correctly. Based on the Table 4.13 show the results of the AUC for each
class (major). The highest value of AUC for Arts major (AUC, 0.986), the
next was for Education (AUC, 0.974). Then Engineering (AUC, 0.926) Then
IT&CE (AUC, 0.879). The next major is Agriculture (AUC, 0.829) and the
Pharmacy (AUC, 0.824) and the lowest AUC was 0.818 for Sciences major.
So this value nearest to 1 value and we can depend on it to predict the
suitable major in the future dataset. From the results, we note that there is
a relationship between AUC value and the number of students in each major.
Whenever the number of students in the class is big, then the AUC will be

the best.
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Table 4.13: Area Under Roc curve for the predication model using PART

Class TP Rate | FP Rate | Precision | ROC Area
Engineering 0.774 0.064 0.825 0.926
IT and CS 0.739 0.109 0.603 0.897
Sciences 0.395 0.084 0.410 0.818
Agricultural | 0.333 0.040 0.465 0.829
Pharmacy 0.492 0.067 0.441 0.824
Education 0.861 0.009 0.925 .0974
Arts 0.905 0.016 0.864 0.986
ROC Average 0.899

4.4.3 The ROC Under Curve for the Majors

The Receiver Operating Characteristics is a graphical representation used
to measure the performance of the classifier. The ROC curve contains two
coordinates which are sensitivity and specificity [39]. In figures 4.5, 4.6 and
4.9 represent the best values of AUC for (Arts,0.986), (Education,0.974) and

(Engineering,0.926) respectively.

AUC =0.829

0.5

0 0.5 1

Figure 4.4: ROC Curve for Agricultural major

Then the AUC value for (Computer Sciences and Information Technology,
0.879) as illustrated in figure 4.7. In the figures 4.9, 4.8 the AUC values are
(Pharmacy,0.824), (Arts,0.986) and the last AUC value for (Sciences,0.818)
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Figure 4.5: ROC Curve for Education major

AUC =0.926
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Figure 4.6: ROC Curve for Engineering major
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illustrated in the figure 4.10.

1
AUC =0.897

0.5

0
0 0.5

Figure 4.7: ROC Curve for IT-CE major
1
AUC =0.824

0.5

0
0 0.5

Figure 4.8: ROC Curve for Pharmacy major

Table 4.15 illustrated the comparison of our proposed model before re-
duced number of majors and after that.

From the results of the Table 4.15, we found that the accuracy of our
model with 10 classes is (ACC,43.2%), (AUC average, 0.788). But with
reduced number of classes (majors) to 7 classes; the accuracy of AUC was

improved to (ACC, 72.1%), (AUC average, 0.908). While the majors were
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Figure 4.9: ROC Curve for Art major
1
AUC =0.818

0.5
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Figure 4.10: ROC Curve for Sciences major
Table 4.14: Confusion matrix for 6 class label

A B |C D |E | F | Class label

151 | 15 | 4 7 10 [0 | A= Engineering

16 |81 |10 [8 |0 |0 |B=IT-CE

4 20110819 |0 |0 | C = Sciences

4 10120 | 2710 |0 |D = Pharmacy

0 0 [0 0 |62 ] 10 | E = Education

0 1 0 0 |4 |58 | F = Arts
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Table 4.15: Comparing PART results with changing number of classes

Number of rules | Number of classes | Accuracy | ROC Curve average
49 6 77.4% 0.926
52 7 72.1% 0.908
76 10 43.7% 0.788

reduced to 6, the model building became more accurate than before with
(ACC, 77.4%) and the performance of AUC was (0.926). Based on our
experiments and results, and by reducing the number of classes from 10

classes then to 7 classes then to 6, the ACC and AUC were improved.

4.5 Comparing our Proposed Model with Other
Approach

In this experiment, we are comparing our proposed model with another classi-
fier to validate performance. We used the RIPPER classifier for comparison
[50]. In the Tables below, we found that the extracted rules of RIPPER
method were less detailed and contained few features and fewer rules than
PART method. Based on the rules, each rule had one repeated idea at each
time, which cannot be relied on to be a guideline to help the high school for
future specialization selection. Tables 4.16, 4.17 4.18, 4.19, 4.20 show the
extracted rules using RIPPER approach.

Table 4.16: The Rules of Studying Agricultural

1- The student can study Agricultural if animal breeding at child=yes
and making scientific experiments at child = bio experiments

2- The student can study Agricultural if making scientific experiments at child = Physical experiments
and animal breeding at child=yes

3- The student can study Agricultural if animal breeding at child=yes and the preferred subject = technology
and making scientific experiments at child= chemical experiments
and the student was attend to study nursing.

4- The student can study Agricultural if the reason to choose university = learning efficiency

According to the results shown in Tables 4.21 and 4.22, the classifier
PART with (ACC, 77.4%) is better than the classifier with RIPPER, [50]

60



4.5. COMPARING OUR PROPOSED MODEL WITH OTHER
APPROACH

Table 4.17: The Rules of Studying Pharmacy

1- The student can studying Pharmacy if the preferred subject = scientist subject and Tawjihi average = 95-100

2-The student can studying Pharmacy if Tawjhi Average = (90-94.5)
and make scientific experiments at child = bio experiments

Table 4.18: The Rules of Studying Arts

1- The student can study Arts if the track = literary
and English Language average = excellent

2- The student can study Arts if the track = literary
and skills = knowledge different culture

3- The student can study Arts if the track = literary
and Tawjihi average = (90-94.9)

4- The student can study Arts if the track = literary
and Tawjihi average = (85-89.9)

and the preferred subject = English language

5- The student can study Arts if the track = literary
and Tawjihi average = (95-100)

6- The student can study Arts if the track = literary
and Tawjihi average = (85-89.9) and the students was attend to studying nursing

Table 4.19: The Rules of Studying Sciences

1- The student can study Sciences if animal breeding at child = yes

2- The student can study Sciences if gender = female

3- The student can study this specialization if animal breeding at child = yes
and the preferred subject = maths

Table 4.20: The Rules of Studying Computer Sciences and Information Tech-
nology

1- The student can study CS & IT if animal breeding at child = yes

2- The student can study CS & IT if gender = female

3- The student can study CS & IT if animal breeding at child = yes and the preferred subject = maths

4- The student can study CS & IT if
the preferred subject = technology and skills = persuasion and gender = female

5- The student can study CS & IT
if Problem solving skill = few

6- The student can study CS & IT if skills = persuasion
and (the preferred subject = technology and Tawjihi average = (70-74.9)

7- The student can study CS & IT if skills = persuasion
and Tawjihi average = (75-79.5)

8- The student can study CS & IT if Problem solving skill = Vsignifi)

9- The student can study CS & IT if Problem solving skill = signify

10- The student can study CS & IT if gender = female and Tawjihi average = (80-84.5)
and the preferred subject = Arabic Language the preferred subject = management
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(ACC, 71%) for 6 classes (majors). And the ACC of PART for 7 classes is

better than RIPPER classifier.

Table 4.21: The result of comparison between PART and RIPPER for 7
classes (majors)

Classifier | Number of rules | Accuracy
PART 52 67.7%
RIPPER | 27 64.7%

Table 4.22: The result of comparison between PART and RIPPER for 6
classes (majors)

Classifier | Number of rules | Accuracy
PART 49 77.4%
RIPPER | 20 1%

4.5.1 Confusion Matrix

In this section we explain Confusion matrix for RIPPER classifier as illus-

trated in Table 4.23

1. are 177 students who studied Engineering. After training the classifica-
tion model, 153 students were classified correctly to study engineering,

but 24 students incorrectly classified.

2. There are 115 students who study Information Technology and Com-
puter engineering (IT-CE), 72 classified by the model to study IT-CE,

whereas, 43 students were incorrectly classified.

3. There are 81 students who study Sciences, but the classification model
classified 27 students to study Science, but 45 students failed to be

classified for the same.
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4. There are 60 students who study Agriculture, only 40 students were

correctly classified.

5. There are 61 students who study Pharmacy, but there are 48 students

incorrectly classified.

6. There are 72 students who study Education, but the classification
model classified 60 at Education, but 12 students were incorrectly clas-

sified.

7. There are 63 students who study Arts. The classification model classi-

fied 57 of Arts, but 6 students were incorrectly classified.

Table 4.23: Confusion matrix for 7 class label by using RIPPER algorithm

A |B|C|D|E|F|G Class label
153118 1 | 14| 0|0 | A= Engineering
40 |72 1101200 B =IT-CE
30 | 8 [27111 | 5|0 |0 C = Sciences
18 | 6 1620 0 | 0 | 0 | D= Agricultural
36 | 513 |413] 0| 0| E=Pharmacy
0O 0|0 [0]01]60|12| F = Education
0O ]0O]0O]0]O0]|6 |57 G = Arts

4.6 Model Evaluation

To evaluate our proposed model we will compare it with other models in

terms of a number of features, the number of classes, and the accuracy.
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Radaida et al. proposed classification model in [5], the researcher found that
the accuracy of the building model is a very good rate 87.9%. This model
was proposed to support high school students to choose the suitable track at
second secondary stage (Tawjihi), they depend on the student’s cumulative
grade point average (CGPA) at 8th, 9th, 10th grades then there existed one
feature which is the student marks, and the number of a class label (track)
is 4 classes so the results of this model were very good because the num-
ber of classes were suitable with the number of features. Then will did not
found overfitting problem. This model was built by C4.5 tree represented as
a decision tree to map the conditions. Figure 4.12 illustrated the generated
decision tree. Another study proposed a classification model to help high-
school students in the selection of undergraduate programs by Jirapanthong
[4], this model building using C4.5. The variables (features) contained edu-
cational status: Third-year and Fourth-year, high School performance, high
school GPA, old major, student demographics, gender. The number of the
feature is compatible with the number of a class label (specialization)and the
number of students samples around 4000 students so the probability to face
overfitting problem is low. The accuracy of the building model after doing
nine experiments in the first case was 87.9%. In the second case is 83.2%.
The decision tree of the building classification model shows in figure 4.11

In contrast, our proposed model developed by using PART classifier logi-
cally different from C4.5. C4.5 it is a classification tree. But PART is classi-
fied based on predictive association rules. Our data set contains 52 features
and 6 class label Some what we faced overfitting problem and the accuracy
of our model is 77.4% so it is a good result. With comparing the accuracy of
the previous classification models with the results of our model we concluded

that our model is more comprehensive and flexible because it is directed to a
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Figure 4.11: The generated decision tree [4]

wider range they are university students thus we take into account the factors
that may affect with students specialization selection and we extracted the

local influential factors in specialization selection at Palestine.
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Figure 4.12: The generated decision tree [5]
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Chapter 5

Conclusions and

Recommendations

5.1 Introduction

This thesis has proposed a novel intelligent model for suitable university
specialization selection using classification algorithm. The proposed model
was developed using rule-based classifier (PART). The influential factors in
university specialization selection taking into account during developing our

proposed model.

5.2 Conclusions

One of the objectives of our research is to identify the influential factors af-
fected the specialization selection based on literature review. Hence, we stud-
ied the influential factors and summarized them into the following factors;
social factors, future Prospect factors, personal factors, grades and academic
achievement, family background factors, financial factors, university factors

and demographic factors. Each factor contains sub factors which we studied
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it in details.

The second objective of our thesis is to identify the local influential factor

in Palestine. To achieve this objective, we used reduce dimensionality
technique which contains two methods, feature selection, and feature extrac-
tion. In the feature selection method, we used the filter Correlated-based
Feature Selection (CFS) to identify the important factors which have a sig-
nificant impact and lower error rates. In feature extraction method, we used
Principle Component Analysis (PCA) to find the factors with the significant
correlation between other and extract components include the correlated fac-
tors. The results of the research argued that there are five influential factors
in Palestine which are family background factor, demographic factor, per-
sonal factor, university factor and academic achievement factor.

The third objective of our research is developing an intelligent model,
which can help high school students to predict what specialization suitable
for them in future. The accuracy of the model was 77.4%. Then the model
was tested with a sample of students who were not involved in the training set.
The accuracy of the model for the testing set was 73.2%, so the developing

model was considered to be a good model.

5.3 Recommendations for the Ministry of Ed-
ucation in Palestine:

The adoption of an intelligent system in the Palestinian universities helps
secondary students in determining their academic specialization commensu-
rate with their scientific abilities and interests. Thus graduating them with
high scientific efficiency, which helps to create jobs in the future, and re-

ducing unemployment among graduates. As a result, economic conditions

68



5.4. RECOMMENDATIONS FOR THE RESEARCHERS:

were improved at the national level. In addition to mention progress in other
areas such as health and agriculture because the basis of that is education.
The key to prosperity of the homeland is the youth. So we tried to help and
guide them to choose their specialization closest to their personality, inter-
ests, abilities and also commensurate with their circumstances, then leading

them to creativity.

5.4 Recommendations for the Researchers:

Adoption of this system in universities must be examined for several years
and compare the results to obtain more accurate results and credibility. We
recommend the size of the training sample in thousands and then adopted

as a system according to the accuracy of the results.

5.5 Recommendations for the Palestinian Uni-
versities:

We believe that this system should be in the universities because it is a map
that helps secondary school students in determining the appropriate univer-
sity disciplines and thus graduate students with high scientific efficiency and

this is a certificate of excellence for the university.

5.6 Recommendation for the Students:

The use of such a model by students is considered a guide to provide them
with the best and most appropriate specialization because it takes into ac-

count the factors surrounding the student that affect the choice of the stu-
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dent as economic, social, demographic and personal. This intelligent system
enables the student to understand his personality, abilities, interests and eco-
nomic conditions in a deeper way, and to define his academic and professional

objectives.

5.7 Future Work

In the future, it is possible to use other algorithm than PART as CPAR
(Classification based on Prediction Association Rules) to developing this in-
telligent model, because this algorithm logically works as PART. Both of
them are rule -based classification algorithms. To improve our proposed
model to be more flexible and more intelligent by allowing saved input data
sets and using it to train the model incrementally as illustrates in figure 5.1.
Hence, the new data set can incrementally be learned from the old data set.

This issue can be done by using the incremental learning algorithm.
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Identifying the required
data

]

Data pre-processing

]

Identifying the local
influential factors

Data split
Validation set h l ., Test set
Test set - New data set
(1 fold) Train set
Train set l
(k-1 fold) = - -
Training Data pre-processing
PART l
Extraction Final model
optimal rules l
Suitable
specialization
selection

Figure 5.1: The proposed classification model
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Table 5.1: Predictions on user test set

Example number

unknown class label

actual predicted

error prediction

1 ? IT-CE 0.9

2 ? IT-CE 1

3 ? IT-CE 1

4 ? IT-CE 1

5 ? EngMajor 1

6 ? IT-CE 1

7 ? IT-CE 0.625
8 ? EngMajor 1

9 ? EngMajor 1

10 ? Pharmacy 0.5
11 ? EngMajor 1

12 ? EngMajor 1

13 ? Agriculture 0.5
14 ? IT-CE 0.625
15 ? EngMajor 1

16 ? EngMajor 1

17 ? EngMajor 1

18 7 Pharmacy 0.5
19 ? Agriculture 0.5
20 ? Agriculture 0.5
21 ? Agriculture 0.5
22 ? Education 0.4
23 ? Sciences 0.594
24 ? Education 0.4
25 7 Education 0.4
26 ? Arts 0.571
27 ? Sciences 0.594
28 ? Pharmacy 0.4
29 7 Sciences 0.594
30 ? Pharmacy 0.882
31 ? Agriculture 0.5
32 ? Agriculture 0.5
33 ? Sciences 0.594
34 ? Sciences 0.594
35 ? Agriculture 0.833
36 ? Pharmacy 0.5
37 ? Pharmacy 0.5
38 ? Agriculture 0.667
39 ? Agriculture 0.5
40 ? Agriculture 0.75
41 ? Sciences 0.594
42 ? Arts 0.857
43 7 Pharmacy 0.875
44 ? Agriculture 0.75
45 ? Agriculture 0.5
46 ? Pharmacy 0.45
47 ? Pharmacy 0.882
48 ? Pharmacy 0.45
49 ? Pharmacy 0.875
50 7 Arts 0.905
51 ? Arts 1

52 ? Arts 0.857
53 ? Arts 0.857
54 ? Arts 1

55 ? Sciences 0.667 k2
56 ? Arts 1

57 7 Arts 1

58 ? Sciences 0.667
59 ? Education 0.667
60 ? Sciences 0.594
61 ? Arts 1

62 ? Arts 0.857
63 ? Education 0.4
64 7 Education 0.667
65 ? Education 0.667
66 ? Education 0.7
67 ? Education 0.4
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