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ABSTRACT Choosing a university specialization is a challenging decision for high-school students. Due
to the lack of guidance and limited online resources, students base their decisions on subjective perceptions
of family and friends. This increases the risk of high university dropout rates, and students changing their
university disciplines. To address the aforementioned drawbacks, this research paper presents a Personalized
Career-path Recommender System (PCRS) to provide guidance and help high school students choose
engineering discipline. The design of PCRS is based on fuzzy intelligence of N-layered architecture and
uses students’ academic performance, personality type, and extra-curricular skills. The association between
personality type and engineering discipline was built using a sample of 1250 engineering students enrolled
in seven engineering disciplines at An-Najah National University. PCRS is implemented as a mobile
application and it is tested against an evaluation sample of 177 engineers. The sample consists of graduate
or undergraduate engineers who are satisfied with their engineering disciplines. The evaluation examined
the agreement between the recommendations generated by PCRS and the 177 actual engineering discipline
of the sample. The evaluation results proved a slight agreement between the suggested recommendations of
PCRS and the actual discipline of the research sample. Hence, PCRS is capable of providing guidance to
high-school students who are interested in pursuing their studies in Engineering. The PCRS application is the
first career-path recommender to target Palestinian community and other developing countries in the MENA
region. The design of PCRS is scalable and it can be expanded in the future to consider other academic
majors of higher education.

INDEX TERMS Educational technology, engineering disciplines, fuzzy logic, personalized system, recom-

mender system.

I. INTRODUCTION

Major changes have occurred since the beginning of the 21%
century in many aspects of life such as climate changes,
rapid technical developments and population-growing crises.
The effective solution to those arising challenges has to be
innovative, creative and novel. Hence, higher education, and
especially engineering education, has to be developed to
consider highly-demanded skills such as critical thinking,
team-working, and interpersonal skills in addition to the tradi-
tional background knowledge [1], [2]. This new formation of
engineering education philosophy requires to attract creative
students with good communication skills in addition to tech-
nical competence in STEM. Such educational development
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will raise the quality of university graduates to be more
effective, innovative and successful in their career path.

In the Middle East, higher education development is very
crucial and necessary due to the high unemployment rates
in the region. In a recent study performed by the Interna-
tional Labor Organization [3], the unemployment rate among
young population of Arab states is around 20% which is
very high compared to the global youth unemployment rate
of 11.8%. One factor for such major problem is the gap
in competencies between the quality of university graduates
and the required competences of the private sector. This gap
can be reduced by helping students choose their career path
based on their skills, personality type, and educational back-
ground knowledge [4]. By combining these three factors in
the career decision-making process, graduates with adapted
characteristics will be innovative and creative.
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Students start exploring career choices at high school. They
develop comprehensive career plans with personal help from
their parents, friends, and/or high-school advisors. Providing
students with professional advice is essential to help them
choose their future career path and it should take into consid-
eration several factors such as; personal and cultural values,
personality profile, educational background and expectations
of parents, and academic performance.

Parents and friends base their advice on personal experi-
ence which does consider student’s personal characteristics
and skills. Schools on the other hand, have advisors who
are trained and qualified to analyze student’s personal and
academic profile and help them choose the best career path.
In developing countries, students rely mainly on parents and
family advice. For example, in Palestine the educational sys-
tem has very slow progress in terms of providing personal
advice and support to students due to the instability of the
political and economical situation [5]. Public schools provide
students with quality education and minimal advise on career
paths. Palestinian schools have on average 422 students and
one advisor [6]. This makes it difficult for the advisors to pro-
vide personal advice to students, and consequently increases
the chances of students choosing a wrong career path.

To address the aforementioned drawback in developing
countries, this paper presents a Personalized Career-path Rec-
ommender System (PCRS) which aims to help high-school
students choose their educational discipline and career path
by analysing their personal and academic profiles. PCRS
focuses on engineering higher education in Palestine since
it is among the most chosen faculty by high schools stu-
dents [7]. And there are several engineering disciplines for
students to choose from such as computer, electrical, civil,
mechanical, chemical and industrial engineering. A recent
problem is noticed at Palestinian universities is that first-year
students tend to choose their engineering discipline based
on its reputation rather than personal adaptability. As a
result, dropout and failure rates among students are increased
as well due to wrong career-path decision. For example,
enrollment rate in Computer Engineering (CE) at An-Najah
National University is sharply increased in the last few years
(274 computer engineering students in 2018 compared to
106 students in 2015 [8]). Unfortunately, 43.1% of CE
students in 2018 failed to pass to second year. The high
dropout rates among first-year students is usually due to the
unexpected challenging nature of the courses and that stu-
dents were not able to fulfill their academic expectations [9].
Hence, PCRS aims at solving such problem by guiding
students towards the most suitable discipline to choose based
on their personal and academic profile. Hopefully, this will
reduce the dropout rates at university levels.

PCRS uses artificial intelligence to conclude the most
suitable association between the engineering discipline and
the personality and academic profile of the student. Literature
review found that no empirical study has been carried out
to analyze the association between the engineering different
disciplines and students in Palestine nor in the Arab countries
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in the MENA region. Therefore, this research aims to identify
the association using a sample of 1257 Palestinian engineers
from different disciplines. The paper is structured as follows.
Section II provides a brief review of related works. The archi-
tecture of the PCRS’s framework is explained in Section III.
Section IV presents the implemented expert recommender
system and the obtained evaluation results. Finally,
conclusions and future work are depicted in Section V

Il. LITERATURE REVIEW

This section provides a comprehensive review on educational
expert recommender systems with the focus on career-path
recommenders. There are several types and categories of
recommender systems designed to support learning for stu-
dents and teachers. However, the focus of this review will
be on personalized fuzzy recommender systems for different
disciplines and educational levels. For further details about
other types of recommenders, we refer the reader to some
excellent reviews from the literature [17]-[19].

The implementation of personalized recommender sys-
tems depends on various factors such as personal profile of
target users, gender, environmental and cultural background
and personality type. For a clearer view of the different types
of personalized recommender systems, Table 1 summaries
the different recommender systems and their implementation
factors and target users.

Some recommender systems were designed to provide
educational guidance regarding the management of learning
objects such as courses and exercises. For example, a smart
course recommender system is proposed in [10] to provide
teachers with recommendations to help them better manage
their courses based on the different learning styles of students.
Another example is a hybrid recommender system [11] for
course recommendation with professor and student informa-
tion dataset to enhance the effectiveness of information access
to learners. A personalized group-based recommendation
system is implemented in [16] to improve students’ search
experience on the Web based on their behaviour patterns and
competences.

Another objective of personalized recommender systems
is to predict the most suitable career choice for students
based on their personal background, personality, academic
performance and environment [20]. Choosing a career path
is a difficult decision high-school students need to take at
a very young age. Such a decision is affected by many fac-
tors such as; family influence, gender, personality, academic
performance, and cultural and financial influence [21]-[23].
Students usually do not have guidance nor experience to
help them choose their career path. For example, in engi-
neering there are various disciplines to choose from, such as
civil, chemical, computer and electrical, and industrial engi-
neering. Students do not have knowledge on the difference
between engineering disciplines which affects their choice
negatively [24].

An example of a career-path recommendation model was
proposed in [12] to direct students towards the most suitable
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TABLE 1. A review of educational expert fuzzy recommenders.

Factors Targeted sample
Smart Recommender System for Learning objects [10] Personal learning patterns of students Canada
Pcrs: Course selection recommender [11] Personal information, knowledge and expertise India
Career-path recommender for engineering students [12] student’s interest and skills, influence from peers and family India
Career-path recommender for high-school students [13] Age, gender, grades and peer influence Philippines
Career-path recommender [14] Career test Malaysia
GSTEM-CAT: university-program recommender [15] student’s personality type and knowledge test Philippines
Personalized group-based recommender [16] Personalized recommendations based on students’ competences and behaviour Malaysia

engineering stream. The model built the recommendations
based on a fuzzy logic to compare the similarity between
career characteristics and students’ preferences in addition
to the influence of their environment. A similar fuzzy logic
recommender system was presented in [13] to guide senior
high-school students through their career decision-making
process by considering factors such as age, gender, grade, and
peers’ influence.

As there is a relationship between personality types and
career development and success [25]-[27], personality-based
recommender systems were proposed to guide students in
their search towards future careers [14], [15]. Example of
such recommender systems is the one proposed in [15] which
is a fuzzy recommender system designed to help college
students to choose the appropriate university program based
on their personality type and knowledge strength.

The aforementioned recommender systems are designed to
provide career recommendation for students while consider-
ing various factors. However, none is designed to consider
students in developing countries such as Palestine, where the
economical and political situations are affecting the education
quality and the students’ personality and their effects on
career choice. Therefore, this paper implements a career-path
fuzzy recommender system for Palestinian senior high-school
students based on personal interests, skills, academic perfor-
mance and personality type. The specifics of the proposed
recommender system are explained in the following sections.

Ill. FRAMEWORK OF THE RECOMMENDER SYSTEM
Providing a career and educational speciality recommenda-
tion for high school students is complex task. Unfortunately,
most educational systems in Middle Eastern countries do not
provide career analysis for high school students to help them
choose their future career path. After finishing high school,
students start looking up for a university discipline mostly
based on their academic performance hoping that their choice
will lead them to a successful career path. Students also seek
help from their family, social advisors at schools and their col-
leagues. However, the decisions are subjective and does not
take into account the personality type, and extra-curricular
skills in addition to the academic performance.

This paper proposes a Personalized Career-path Rec-
ommender System (PCRS) which help high school stu-
dents choose best candidate engineering discipline such as;
Computer Engineering, Electrical Engineering, Civil
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FIGURE 1. Framework architecture of PCRS.

Engineering, Architecture, Industrial Engineering, Mechani-
cal Engineering, and Chemical Engineering. PCRS’s design
is adapted to the Palestinian educational system, which is
similar in many ways to the other countries in the Middle
East region.

The recommender system exploits the personal and
educational information retrieved from the target users, and
it is implemented based on four main phases, as shown in
Figure 1:

1) Obtaining student’s personal information including
gender, high school grades in STEM courses, and a list
of extra-curricular interests.

2) Determining student’s personality type based on a
self-administered personality test.

3) Processing input data to construct a personal and aca-
demic profile for each student.

4) Building a fuzzy recommender system to provide stu-
dents with personalized and user-specific ranking of
engineering disciplines.

The first and second phases are used to collect personal
information on each student. The input data from the first
phase is static and filled directly by the users. While the data
from the second phase is derived from a personality test so as
to determine the personality type of each student. This phase
uses the Myers—Briggs Type Indicator (MBTTI) [28] as a per-
sonality test. The third phase helps in creating personalized
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profiles and processing the data to be used as input to the
fuzzy system in the fourth phase. The recommendations are
generated in the last phase by implementing a generic fuzzy
recommender system. The output of this phase is a sorted list
of possible engineering disciplines according to a suitability
ranking derived from the personal and academic profile of
students.

A. INPUT DATA COLLECTION

The objective of PCRS is to mimic the logic of high-school
advisors and provide guidance and recommendations to stu-
dents after analyzing their academic performance in addition
to their personal profiles. Hence, PCRS starts by collecting
data which is categorized as follows; personal information,
academic performance, and personality type. Those informa-
tion are used to construct personal profiles for each student
which will be used by the recommender.

1) PERSONAL INFORMATION
The collected personal information of each user are the gen-
der, the extra-curricular skills and personal interests. Infor-
mation about the gender can be tied to the employment
rates of engineering disciplines in Palestine among male and
female engineers. Hence, the possible employment rate of
engineers after graduation is taken into consideration when
recommendations are generated. The employment rates are
retrieved from the official Palestinian Central Bureau of
Statistics (PCBS) and the statistical archive of Palestinian
universities.

extra-curricular activities and personal skills are retrieved
from students to provide PCRS with additional important
information about their personal profiles and their interests.
Examples of such activities are artistic skills, computer-
related skills, sportive skills, community services and
volunteering. The mapping between the extra-curricular
activities and engineering disciplines will be further
explained in Section III-B.

2) ACADEMIC PERFORMANCE

In Palestinian educational system, the academic Performance
of high-school students is evaluated based on major STEM
topics which are Mathematics, Physics, Chemistry and Infor-
mation Technology (IT). Usually, a student who achieves
excellent grades in those topics is directly advised to enroll
in medical or engineering schools. Further explanations will
be provided in Section III-B.

3) PERSONALITY TEST (MBTI)

The Myers-Briggs Type Indicator (MBTI) is a popular
psychology test to detect the personality of people based
on self-administered questions. MBTI identifies people as
extroverted (E) or introverted (I), sensing (S) or intu-
itive (N), thinking (T) or feeling (F), and judging (J) or
perceiving (P). Combinations of the four preferences deter-
mine personality types which are identified as 16 possible
four-letter codes (such as ESFJ, ENFP, INTP, and ISF]J, ...).
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Many researches from the literature had analyzed the
relationship between MBTI personality types and career
choices in specific domains such as medical sector and
engineering. [29]-[31].

In this phase, the student is asked to conduct a
self-administered questionnaire and answer a number of
psychological questions with short answers. Then MBTT test
analyzes the answers and determines the type of personality.
A major contribution of this paper is to analyze the person-
ality types of students and establish an association between
personality type and engineering disciplines in Palestine.

B. INPUT DATA PROCESSING
The data processing phase is necessary for PCRS to convert
the personal input data into numerical values that can be
used as input variables for the membership functions of the
fuzzy-logic system. Although qualitative inputs are accept-
able for fuzzy logic systems, the quantifying process of inputs
is necessary to calculate a common score to be used for all
engineering disciplines. As a result, PCRS’s design can be
easily extended into other career specialities by following the
same proposed processing phase. Another importance of the
processing phase is to have a common membership function
for fuzzy-logic system to produce a different recommenda-
tion for each engineering discipline, and no need to have a
membership function per discipline.

The data processing phase is divided into two main parts;
the first is for the academic profile and the second part is for
the personal profile of the users.

1) PROCESSING OF ACADEMIC PERFORMANCE

Starting with the academic profile, students are required to
enter their high-school grades in the STEM topics. This is
used to calculate a weighted average of the grades for each
discipline. In Palestine, the scientific branch of the high
school consists of four major STEM topics; mathematics,
physics, chemistry and information technology. Usually, stu-
dents with excellent academic performance in those topics
are eligible to enrol in engineering departments. Other topics
such as Languages, biology and social studies are excluded
from this research since they have no direct impact on the
focus of this study which is the engineering department.

The relation between academic performance in STEM
studies in high schools (prior to university education) and
the chosen career path in science had been discussed in many
previous researches [32]-[34]. In this research, a association
between specific STEM high-school topics and engineering
disciplines is derived. The association is done based on 1) the
related literature and after 2) consulting the course plan of
engineering disciplines from various universities, and also
after 3) consulting with educational experts in each field of
engineering. As shown in Table 2, the most important high
school topics are mapped with engineering disciplines. It is
worth mentioning that high-school STEM courses are from
the Palestinian educational baccalaureate, which consists of
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TABLE 2. STEM courses weights mapped to engineering disciplines.

Discipline Courses Mathematics ~ Physics 1T
Computer Engineering 2 1
Electrical Engineering

Civil Engineering
Architecture
Chemical Engineering
Industrial Engineering
Mechanical Engineering

Chemistry

(NSRS (ST S (S I )
BN — = NN

2
2
1
1
1
2
1

[EEGUE NS Y SN

major STEM courses which are Mathematics, Physics, Infor-
mation Technology, and Chemistry.

The objective of this phase is to calculate a personalized
score for academic performance for each engineering dis-
cipline based on the entered STEM grades. The student’s
academic score will be used in the next phase as an input
to the membership function of the fuzzy logic of PCRS.
An example of the STEM courses-discipline association is the
computer engineering discipline (refer to Table 2), the most
important topics from high school courses are Mathematics
and Information Technology. Other courses such as Physics
are useful as well but with less importance.

The Weighted average is used to calculate the academic
score for each discipline per student. The use of weighted
average is more accurate than simple average calculations and
allows to prioritize specific courses based on their importance
for a given engineering discipline. The following equation
explains the calculation of the academic score of a given
student s for a specific engineering discipline d:

> (gradeList(s, i) x weight(i, d))
> weight(i, d)

where gradeList(s, i) is the i grade of the list of STEM
high-school courses of student s, and weight(i, d) is the
weight of the course i for discipline d. The weights are
derived from Table 2, where courses mapped to a specific
discipline have double the rate of less important courses. For
example, computer engineering is mapped to Mathematics
and IT. Hence, the weights of those two courses are set to 2,
while Physics and Chemistry have a weight of 1.

Academic(s,d) =

(D

2) PROCESSING OF PERSONAL PROFILE (PERSONA)

The processing phase for persona score represents the
personal profile score of each student. The profile includes
personality type, gender and extra-curricular skills. The per-
sona score allows PCRS to generate recommendations for
each engineering discipline based on the personal profile of
the students in addition to the academic performance. Hence,
the generated recommendations become more accurate and
personalized.

Many researches [35]-[37] showed that there is an associa-
tion between extra-curricular activities performed by students
in high schools and future career choice and personality.
Accordingly, it is essential to consider the extra-curricular
activities of students as an indicator and a factor to generate a
suitable future studying discipline. Based on the Palestinian
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culture, this research considered a number of extra-curricular
activities which are popular among high school students.
Those activities are summarized as sports, arts, computer &
electronics clubs, and volunteering & community services.
After consulting with educational experts in high school
and expert engineers, and based on researches from litera-
ture [38], [39], an association between these activities and
engineering disciplines is derived. For example, computer
skills are very important for computer and electrical engi-
neers, while artistic skill is very good skill for architecture,
and so on.

The type of personality is the major factor in determin-
ing the engineering career path. Although there are some
studies [26], [40] that analyzed the association between career
type and personality type, fewer studies focused on specific
disciplines in a certain career such as engineering. More-
over, the personality-career association is culture-dependent
[26], [41], so this research is the first to derive a
personality-career association for the Palestinian community.
The analysis is based on a research sample of 1257 engineer-
ing students and graduates from An-Najah National Univer-
sity (60% are females and 40% are males) who volunteered
to take part in the experiment. The sample was collected by
broadcasting an email to undergraduates and graduate engi-
neering students from An-Najah national university which
explains the aim of the research study and encourages them to
participate. The email had a questionnaire attached which the
interested participants used to agree to be part of the research
study. The data was collected in January 2020 and the par-
ticipants were asked to provide their personal information,
grades in STEM high-school courses and their engineering
discipline. Also, they are asked to do an online MBTI per-
sonality test. As explained above in Section III-A, the MBTI
test is able to determine the student’s personality type. The
participants were officially informed that they are part of
an experiment and that the collected data will be used in
the analysis anonymously. The data collection process was
approved by the committee on the Ethics of Research on
Human Beings at An-Najah National University in 2019 All
results are saved in the database and analyzed to create an
association between the personality types and engineering
disciplines in Palestine.

The participants of the research sample varied in their
engineering disciplines as shown in Figure 2. The majority
of the research sample consisted with computer engineers
(33.1%) and followed directly with civil engineers (26.2%).
Both disciplines form more than half of the research sample
which is consistent with the fact that those two disciplines
are the largest at An-Najah National University. Then indus-
trial engineering students were 13.6% of the sample. The
remaining engineering disciplines formed a little less than
third of the sample. Accordingly, the research sample is
well-distributed and can be used for the analysis.

In this research, personal information for each student
was collected. The analysis of personality types and its rela-
tionship with engineering disciplines is shown in Table 3.
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architecture
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FIGURE 2. Engineering disciplines of research sample.

TABLE 3. Personality types of engineering students from research
sample.

Analysts  Diplomats  Sentinels  Explorers

Computer 20% 6.8% 55.9% 17.3%
Architecture 40.6% 9.4% 40.6% 9.4%

Chemical 16.5% 12.4% 48.4% 22.7%
Industrial 18% 5.8% 62.2% 14%

Civil 16.1% 8.8% 59.3% 15.8%

Electrical 12.3% 5.7% 66.4% 15.6%

Mechanical 13.1% 3.6% 63.1% 20.2%

The results of this analysis is in accordance with the ones
found in [42], [43] in which they stated that engineering stu-
dents are mostly Sentinels and Analysts. However, the anal-
ysis of our research sample was more detailed regarding
the personality-discipline association. Also, the papers from
literature did not specify all types of engineering students
but they focused on certain disciplines such computer engi-
neering [42]. More analysis is done on engineering students
in [43] where they analyzed the personality types of chemical
engineering students based on MBTI personality test.

A main contribution of this research is to further analyze
the personality type of engineers based on their discipline.
Based on Tables 3 and 4, the personality score for each

student per discipline can be calculated. When the type of
personality is determined by the MBTTI test in PCRS, the per-
sonality score for each discipline is calculated by multiplying
percentage of personality category with the percentage of the
exact personality type. For example, if a personality type is
ISTJ (which is from the Sentinels category), then the score
for computer engineering is calculated as 0.559 x 28.6% =
15.98%. This number means that 55.9% of computer engi-
neers are Sentinels and from this category, 28.6% are ISTJ.
This score can be calculated for each engineering disciplines.
The persona score for each student and per discipline is calcu-
lated based on the personality score and the extra-curricular
activities with a ratio 2:1. This means that the personality
score is almost 67% of the persona score and the activities
are 33%.

As a result and for each user, two scores are defined for
each engineering disciplines, one for persona and the other
for academic performance. The same calculations can be
applied for each different disciplines but with different scores.
The following section explains how these scores are used as
inputs for the fuzzy logic system of PCRS and how this pro-
cessing phase helped in simplifying the fuzzy-logic member
functions and rules.

C. IMPLEMENTATION OF THE FUZZY-LOGIC SYSTEM
PCRS is designed by using Fuzzy-logic as its core intel-
ligence. This technique was introduced many years ago to
be used on systems with qualitative input observations and
imprecise output with partial truth [44]. Fuzzy logic was
introduced by Lotfi Zadeh in 1965 [45] as a computing
approach based on degrees of truth rather than the boolean
logic (1 or 0). It handles uncertainty, which are found in most
real-life problems, by building fuzzy inference systems.
Fuzzy system consists of three parts; 1) a fuzzifier which
converts the input to a linguistic variable using the mem-
bership functions such as triangular, sigmoid, trapezoidal,
or gaussian, 2) an inference engine which uses If-Then rules
to convert the fuzzy input to the fuzzy output. And 3) a

TABLE 4. Engineering disciplines distribution over the 16 personality types of the MBTI test.

Analysts Diplomats
INTJ INTP ENTJ ENTP | INFJ INFP  ENFJ  ENFP
Computer 333% 13.1% 452%  84% | 449%  6.9% 31% 17.2%
Architecture | 46.2%  0.2% 46% 7.6% | 33.1% 02% 664% 0.3%
Chemical 37.5%  02%  43.6% 18.7% | 16.6% 0.1% 41.6% 41.7%
Industrial 452%  6.5%  387%  9.6% 30% 20% 30% 20%
Civil 264%  5.7%  50.9% 17% 379% 242% 20.7% 17.2%
Electrical 133% 133% 53.4% 20% 0.2% 141% 714% 14.3%
Mechanical | 54.5% 182%  9.1% 182% | 66.6%  0.1% 33% 0.3%
Sentinels Explorers
ISTJ ISFJ ESTJ ESFJ ISTP ISFP ESTP  ESFP
Computer 28.6% 13.3% 44% 14.1% 25% 12.5% 403% 22.2%
Architecture 46% 02%  462%  1.5% 0.1% 04%  663%  33.3%
Chemical 234%  85%  44.7% 23.4% | 182% 9% 409%  31.9%
Industrial 187% 113% 60.7%  93% | 208%  42%  583% 16.7%
Civil 333% 61% 493% 113% | 32.7%  9.6%  385% 19.2%
Electrical 29.6% 1.2% 53% 16.2% 26% 03% 474% 263%
Mechanical 34% 38%  547%  1.5% 118% 59% 821% 02%
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TABLE 5. Fuzzy rules.

Academic Performance
Persona fail satisfactory good very good  excellent
Lowly Appropriate inadequate  inadequate  inadequate neutral neutral
Moderately Appropriate | inadequate neutral neutral neutral adequate
Highly Appropriate inadequate neutral neutral adequate  adequate
defuzzifier which converts the fuzzy output of the inference Persana box plot
engine to output using membership functions similar to the °
a5

ones used by the fuzzifier.

The choice of fuzzy logic intelligence to implement PCRS
comes from the main vision of the work which is to mimic
the work of a school advisor who can provide a personalized
and suitable recommendation to students based on their aca-
demic and personal profiles. Hence, the fuzzy-logic is used to
provide a sorted list of recommended choices of future career
disciplines among which the student can choose from.

The fuzzy system lies in the processing layer of the recom-
mender system, as shown in Figure 1. The fuzzy-logic system
is designed as a universal core for all engineering disciplines.
For each student, corresponding processed data (academic
score and persona score) of a specific engineering discipline
is entered to the fuzzy-logic, and the fuzzy logic determine a
personalized rate for it. This process will be repeated for all
seven engineering disciplines considered in PCRS.

In this research, the fuzzy system is designed based on
the Mamdani inference, which is known to be intuitive and
well-suited to human cognition. The fuzzy system consists
of a set of fifteen if-then rules that model the qualitative
aspects of human reasoning in case of uncertainty (refer
to Table 5. However, there are no specific standard which
defines how human experience can be transformed into fuzzy
rules. Moreover, the membership functions of the fuzzy
system are the building blocks of its theory. They are used to
determine the effect of the problem’s inference on the system.
It is important to tune the membership functions for a good
design of the system by minimizing the error rates.

The fuzzy set of PCRS consists of two input membership
functions, one for persona input score and the other is for
academic performance score. The inputs for both member-
ship functions calculated by the processing phase which is
previously described in Section III-B.

The persona membership function (shown in Figure 4)
is designed based on the numerical distribution of persona
scores which is shown in Figure 3. The boxplot chart is
derived from the personality analysis of the research sample
while exploiting possible persona scores of all disciplines.
It is possible to notice that the range of the persona score is
between 12% and 45%. Accordingly, the membership func-
tion is a trapezoidal type and it is divided into three main inter-
vals: lowly, moderately and highly appropriate. The ranges of
the intervals are derived from the persona distributions pro-
vided in Figure 3. For example, the lowly-appropriate range
persona score is between 0% and 20% based on the first quar-
tile of the boxplot. The median of persona distribution is 25%,
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FIGURE 3. Boxplot of the persona score distribution.
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FIGURE 4. Membership function of the persona score.

which is close to the midpoint of the moderately-appropriate
range. However, the highly-appropriate range starts at a
score of 33% and reaches its highest value at 40%. Hence,
any persona score which is higher than 40% is considered
highly-appropriate for a specific engineering discipline.

The second membership function is for the academic per-
formance. As shown in Figure 5, this membership function
is distributed to identify five categories. According to the
Palestinian educational system, an academic performance
less than 50% is considered as a ‘““fail” (the first category).
The remaining grade distribution is divided into four cate-
gories to represent the performance scale from satisfactory
up to excellent.

The output membership function (Figure 6) represents the
three main possibilities of the suitability for a given engi-
neering discipline. These possibilities are categorized as bad,
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IV. PCRS IMPLEMENTATION AND EVALUATION

10— — ' O
Y f ".I f 1 | This section illustrates the implementation process of PCRS
e \-\ / \ [\ and how the system is evaluated.
\ f | | \]
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shown in Figure 7. The back-end of PCRS was implemented
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FIGURE 6. The output Membership function of the fuzzy system.

(b) Interface of extra-curricular

average and good. The chosen defuzzification is the Centroid (a) Interface of STEM grades.
method which determines the center point of the area of the activities.
fuzzy set.
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ascending order and presented to the student as the
FIGURE 7. Implemented Application of the Recommender system.

output of PCRS.
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PCRS’s application starts by asking the user to enter
high-school grades of STEM courses (Mathematics, Physics,
Chemistry and IT). The entered grades should be out
of 100%. After that, the user has to specify the extra-
curricular activities such as sports, art, computer-related
activities and volunteering (more activities can be added
when considering other university disciplines or career
choices). Finally, an MBTI test is provided as a self-
administered questionnaire to analyze the personality type.
The MBTI test consists of 21 questions randomly chosen
from a data-set of 70 questions.

The output of the PCRS application is a bar plot
(Figure 7(d)) to show the suitability rates of engineering disci-
plines after applying the fuzzy logic of the system. The chart
aims to provide the user with clear results in a simple way.
The user can compare the suitability rates of all engineering
disciplines and decide which is the most suitable discipline
to choose. PCRS’s design is intended to be user-friendly and
easy to be used without the need of user’s authentication or
registration. On the other hand, the application can be easily
expanded to provide recommendations for other specialities
and disciplines by expanding the fuzzy logic core without
changing the system’s architecture.

B. SYSTEM EVALUATION

This section presents the experiment carried out to eval-
uate the PCRS. The evaluation test was performed on a
group of 177 engineers who volunteered to take part in the
experiment. The sample was collected by broadcasting an
email to undergraduates and graduate engineering students
from An-Najah national university which explains the aim
of the research study and encourages them to participate.
The email had a questionnaire attached which participants
used to fill their email addresses once they agreed to be
part of the research study. 177 undergraduate and graduate
students filled the questionnaire and showed their interest
in participation. The sample consisted from 61% females
and 39% males, and the participants specialized in different
engineering disciplines (the distribution is shown in Figure 8).
Participants answered a 5-point Likert scale (1: bad, to 5:
excellent) question which aimed to assess their engineering

architecture

chemical
141

civil

computer
s

FIGURE 8. Engineering disciplines of evaluation sample.
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FIGURE 9. Student’s satisfaction towards career-path choice.

discipline satisfaction. Figure 9 illustrates that participants
were satisfied with their chosen engineering discipline and
career-path (the average ranking score is 3.0).

Based on the approval of the committee on the Ethics of
Research on Human Beings at An-Najah National University
in 2019, participants were asked to use PCRS and they pro-
vided their personal information and their academic grades
anonymously. Also, they passed a self-administered MBTI
test to determine the personality types.

After that, PCRS was evaluated to examine the agreement
between the recommendations generated by the system and
the actual engineering discipline of the sample. In order to
do so, Cohen’s kappa was used to determine the agreement
between recommender output and students’ current special-
izations. The results revealed that there is a slight agreement
between them (k = 0.23, 95 % CI, p < 0.05). The agreement
level is affected by the small number of participants in the
evaluation sample.

V. CONCLUSION

In this research, a Personalized Career-path Recommender
System (PCRS) is designed to help future engineering
students choose their discipline based on various factors
such as the academic performance, the personality type,
extra-curricular activities. These factors are important to gen-
erate personalized recommendations based on the profile
of students where individual characteristics are taken into
consideration. The main objective of PCRS is to mimic the
role of professional advisors who help students take this hard
decision by analyzing their academic and personal profiles.
The main advantage of the PCRS’s design is to consider
high-school students in developing countries where educa-
tional and professional guidance in schools is limited.

The design of PCRS is based on a fuzzy-logic intelligent
with two main input parameters; academic performance
and personal profile. In order to derive the association
between engineering disciplines and personality types in
Palestine, a research analysis was carried out on a sample of
1257 Palestinian participants. Finally, a slight agreement
between the recommendations of PCRS and the actual career
choice was proved based on an evaluation sample of 177 engi-
neers from different engineering disciplines. In the future,
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the evaluation sample will be increased so as to enhance the
agreement results of the evaluation test.

In the future, PCRS can be extended to consider more
university departments and disciplines other than engineer-

ing.

Also, the recommendations can be enhanced to consider

social-economic factors such as employment rates, economi-
cal situation and parent’s background specially in developing
countries such as Palestine.
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