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Course selection is a key for success in student’s academic path. In today’s
education environment, various courses offered by different academic
institutions required the students to explore the course outline manually.
Most of them are lacking in knowledge, having dilemma and making blind
selections to choose the right course. Therefore, it is essential to have a
course recommendation to provide guidance to a student to choose the course
related with their interest and skill. This paper proposed to develop a course
recommendation system using fuzzy logic approach. The development
methodology of this system involves several phases include requirements
planning, user design and construction for prototyping, testing and cutover.
This study used the fuzzy rules technique in order to calculate each
associated student’s skill and interest level based on Mamdani fuzzy
inference system method. Then, the rules will generate final outcome which
recommend the suitable course path and provide the details to a user based
on their course test. The result shows the functionality of this system has

been achieved and works well. This study is significantly helping the
students to choose their course based on the interest and skill.
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1. INTRODUCTION

A key of a student success in their tertiary education is choosing the right course and they need to
have a deep interest in each course that has been chosen. To get the exact course, students should recognize
their potential, skills and the academic result. However, they are not mature enough to decide by himself in
his early life [1-2]. Almost of them lack of knowledge to get the information about a few courses and that
make them blindly choose the course.

The main purpose of this study is to help the student that are often facing a dilemma and confusing
in deciding to choose the right course. Choosing a right course and study in formative years is very important
as their future depends on one decision. Therefore, a course recommendation system is needed to assist the
student to choose the right course. It can provide a solution to help the student to get the target
appropriate result.

The recommendation system is known as an intelligent system, which can suggest the user to get the
best target appropriate result based on user information analysis and user interest analysis [3-5]. According to
Yang et al. (2014) they also proved that the recommendation system is the powerful way to solve similar
problems. The highest number of the users interact with the system, it will make the system to get more
information about him, and the consequence will become a new data, then it leads to fulfill others aim more
better [7-9]. There are several previous recommendation system that have been developed for certain domain.
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Thiel (2018) developed the career test web-based recommendation system. This system
recommends the list of careers suitable for them based on their skills, abilities and personalities. Each of the
questions using the image to test the student by choices either like or dislike. The advantage of this system is
the result displayed a pie chart and provide some details about the career suggestion by a system and also
provides some details for each user’s personalities. Hence, it makes the students easier to get some
knowledge. However, the weakness of this system is only use one answering style which is like or dislike. It
should provide multiple style to answer the question such as yes or no, percentage and scale.

Another example of recommender system developed by Educations Media Group that focuses for a
student to get an appropriate result about their suggestion course [11]. This recommendation system provides
35 questions to test a student based on student’s interest. The system provides the result by displaying the
statistic and explained more about the top recommender. It also gives a few course suggestions for a student.
Thus, they can get many other choices for themselves. However, the deficiency for this recommender system
is similar like the system in Thiel (2018). The result can be more relevant if the system also depends on their
subjects that have been taken before.

Grewal & Kaur (2015) has similar works with our proposed study because it also assist the student
to find an appropriate course and future job. The result of this system provides the most appropriate courses
and job for students. A student selects the subject that they like and enter the previous mark. Then the system
will suggest top-two basis of subjects that suitable for a student. Final suggestion on the basis of overall
marks and job is generated. The advantages of this system is the result will be displayed in a table and a
student can print out these suggestions, log in to the system and edit the mark to get a new suggestion.
However, the input only consider one scope of subjects only and not based on the interest of the student.

2. RESEARCH METHOD

Fuzzy Logic is part of Artificial Intelligence (Al) that tries to solve the problem depart by using
human intelligence[13-15]. Basically, Fuzzy Logic is composed of four functional blocks as shown in
Figure 1 [16-18]. This architecture shows how the data go through to process the input crisp from user until
the system give the output. Data are formalized to be stored in knowledge based. The process from input
crisp until output crisp are involved user fuzzification of the input variables, inference engine which consist
of rule evaluation and aggregation and defuzzification [19].

~ ) Knowledge Base
i
InPut Admin lﬁ 1 Output
~ e crisp
“ Fuzzification Defuzzification

l_’ Inference Engine ‘J

User

Figure 1. Fuzzy logic process architecture

2.1. Fuzzification

The first phase is creating the fuzzification process including the input crisp from a student [20].
The input for this study can be categorized into two parts which are skill and interest. The data about skill is
contributed from the eight courses from diploma results as shown in Table 1 which can be categorized as
programming, problem solving, computer and data analysis skills. While, the interest part is based on the
twelve questions provided as shown in Table 2 which can be categorized based on programming, critical
thinking, organizing information, practical work, data processing and networking. The input of skill and
interest is collected based on the consultation of domain expert from Jawatankuasa Kecil Kurikulum Pusat
Pengajian (JKKPP), Faculty of Computer & Mathematical Sciences (FSKM), Universiti Teknologi MARA
(UiTM), Shah Alam, Selangor [21].

The student need to answer all these questions as shown in Table 1 and 2. The input in Table 1 and
Table 2 then will transform into linguistic variable as shown in Table 3 and Table 4 respectively. When the
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question structure of the user is successfully designed, interest of the user test results will be sent to the next
process where student should have several answer choices. Student will enter his or her interest level which
are ‘No’, ‘Maybe’ or ‘Yes’. The questionnaire questions is separated and grouped it into several types of
interest classes. With this in mind, the system will calculate and classify the type of interest of the students to
either weak, medium or good based on the range that is shown in Table 3 and Table 4. The range in between
0 to 10 are separated into three parts with overlapping graph that follows the appropriate range of values
stated as weak, medium and good.

Table 1. Input for Skill Part

No. Course Code Course Name Skills
1 CSC138 Structured programming Programming (S1)
2 CsC248 Fundamental of data structure
3 QMT200 Probability and statistic Problem solving (S2)
4 MAT233 Calculus Il
5 CSC204 Approach of operating system Computer (S3)
6 ITT300 Introduction of data communication & networking
7 1T232 Introduction to database Data analysis (S4)
8 T332 Information System
Table 2. Input for Interest Part
No. Questionnaire Interest
1 Do you eager to learn more about programming language (e.g. Java, C, C++, PHP and ASP)? Programming (11)
2 You have just been given a complex task to code. Do you have interest to solve the task?
3 When you face unexpected problem, do you like to handle it and look at different ways to solve it? Critical thinking (12)
4 Do you have ever image to create a creative solutions in information technology?
5 Do you have an interest to translating client requirement into highly specified project brief? Organizing information
6 Do you think that working in group can help you to organize the client requirement information  (13)
easily?
7 Do you have an interest work about routing and switching? Practical work (14)
8 Do you have an interest and courage to perform the practicality study about network courses?
9 Do you have an interest to handle and process large amount of unstructured data to develop  Data processing (15)
intelligent systems applications?
10 Do you have an interest to manage and process large amount of data using various intelligent
techniques?
11 Do you like to learn about how computer hardware and software operates? Networking (16)
12 Do you like to learn and have better knowledge about computer networking?

The overlapping graph act as a gray area where the fuzzy inference needs to decide which
overlapping graph actually will be calculated as the output of the inference. This will happen as the process
of the rule evaluation is explained in the next subsection. For an example, the range for programming skill
is 3.3. Then the user linguistic variable be overlapping with either weak or medium graph. So, to solve such
problem like this, the inference will choose the one that has a higher fuzzy value which is medium.

Table 3. Linguistic Variable for Skill

No Input / Skills Linguistic variable Range
Courses

1 CSC138 Programming (S1) {Weak, Medium, Good} {0-35,3.2-6.5,6.2-10}
2 CSC248

3 QMT200 Problem Solving (S2) {Weak, Medium, Good} {0-35,3.2-6.5,6.2-10}
4 MAT233

5 CSC204 Computer (S3) {Weak, Medium, Good} {0-35,32-6.5,6.2-10}
6 ITT300

7 ITS232 Data Analysis (S4) {Weak, Medium, Good} {0-35,32-6.5,6.2-10}
8 ITS332
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Table 4. Linguistic variable for interest

No. Input / Questions Interest Linguistic variable Range

1 Q1 Programming (11) {Weak, Medium, Good} {0-3.5,3.2-6.5,6.2—-10}
g 8; Problem Solving (12) {Weak, Medium, Good} {0-3.5,3.2-6.5,6.2-10}
g gg Organizing Information (13) {Weak, Medium, Good} {0-3.5,3.2-6.5,6.2-10}
s 8? Practical work (14) {Weak, Medium, Good} {0-3.5,3.2-6.5,6.2-10}
g 88 Data Processing (15) {Weak, Medium, Good} {0-3.5,3.2-6.5,6.2-10}
g §£ Networking (16) {Weak, Medium, Good} = {0-3.5,3.2-6.5,6.2—10}

2.2. Rule Evaluation

After fuzzification process is finished, the next step is to construct fuzzy rules [22]. In this step the
fuzzified inputs are taken and applied to the antecedents of the fuzzy rules. The fuzzy operator (AND or OR)
must be used if a given fuzzy rule has multiple antecedents. This is done to obtain a single number that
represents the result of the evaluation. The obtained number will then be applied to the following
membership function. In order to evaluate the disjunction of the rule antecedents, we use the OR fuzzy
operation. This OR operation can simply be customized if needed. There are many methods for the OR
operation. In MATLAB fuzzy logic toolbox [23] there is two built in OR methods: max and the probabilistic
OR method (probor). Probor is calculated as:

HAUB (X) = probor [RA(X), 1B (X)]= A (X) + 1B (X) - A (X) x uB (X) (1)

The fuzzy inference also supports two AND methods: min and the product, prod. The product is
calculated as:

MAUB (X) = prodr [LA(X), uB (X)]= HA (X) x uB (X) ¥

Many AND and OR fuzzy operators have been proposed and applied by Fuzzy researchers. These
different operators will of course lead to different results. Most of the fuzzy packages nowadays can let the
user to customize the AND and OR fuzzy operations.

The result of antecedent evaluation will then can be applied to the membership function of the
consequent. It means that the consequent membership function is clipped or scaled to the level of the truth
value of the antecedent. Usually clipping or correlation of minimum is commonly used as it involves faster
mathematics and less complex than scaling. It also generates an aggregated output surface that is easier to
defuzzify. The fuzzy variable identified in this project is the type of skill, which contributes based on the
grade achievement of the eight input subjects. Each of the subjects will be classified with four fuzzy outputs
which are programming skill, problem solving skill, computer skill, practical work skill and decision-making
skill. Thus, the each output of the rule is to identify all four type skills whether it is weak, medium or good.
Table 5 shows the partial rules of the programming skills, computer skills, problem solving skills and data
analyst skills.

Table 5. Linguistic variable for interest
No Rules

RULE 1 IF CSC138 is A+

AND CSC248 is C+

THEN programming skill is medium
RULE 2 IF CSC204 is A+

AND ITT300 is A

THEN computer skill is good
RULE 3 IF CSC204 is B+

AND ITT300 is B-

THEN computer skill is medium

RULE 4 IF MAT233 is B+

AND QMT isC

THEN problem solving skill is weak
RULE 5 IFITS232is A

AND ITS332 is A
THEN data analyst skill is good
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2.3. Aggregation

The third step in the Mamdani style inference is the process of unification of the output yield from
all of the rules. This step is known as aggregation. Normally all the membership functions which are
previously clipped of scaled is combined into a single fuzzy set. Thus, the input of the aggregation process is
the list of clipped or scaled consequent membership functions, and the output is one fuzzy set for each
output variable.

In this case, our fuzzy inference will have four aggregated rule output representing programming
skill, computer skill, problem solving skill and data analyst skill.

2.4. Defuzzification

Although fuzziness has help to evaluate the rules, the final output of a fuzzy system has to be a crisp
number. The last step in this process is defuzzification [24]. The input for the defuzzification process is
aggregated output fuzzy set and the output is a single number. Defuzzification of the aggregated fuzzy set can
be done in several methods, but the most popular method is the centroid technique. The centroid technique
finds a point where a vertical line would slice the aggregate set into two equal masses. The mathematical
expression of the centre of gravity (COG) is as follows.

b

,[ 2 WA xdy
COG = b

I o (%) xx

3. RESULTS AND ANALYSIS

The testing value for programming skill, computer skill, problem solving skill and data analyst skill
respectively shown in Figures 2 and 3. The tested set of numbers inputs and the result obtained satisfied the
formula. The figure shows that the output of skill and interest type is correct and the engine of the system has
been running well.
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Figure 2. Testing Value for Programming Skill

Programming Skill (S1) Input Programming Skill (S1) Output
CSC138: 97 (A+) Programming Skill: 8.1 (Good)
CSC248: 76.6 (A-)

As shown in Figure 2, the result of the output value is satisfied with input values. In this figure,
based on student input the value for CSC138 is 97 (A+) and for CSC248 is 76.6 (A-) and will get the output
value is above than 6.2, which is 8.1. Therefore, programming skill is good.
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Figure 3. Testing Value for Computer Skill
Computer SKill (S3) Input Computer Skill (S3) Output
CSC204:85.1 (A) Computer Skill: 4.85 (Medium)

ITT300 : 58 (C)

As shown in Figure 3, the result of the output value is satisfied with input values. In this figure,
based on user input the value for CSC204 is 85.1 (A) and for ITT300 is 58 (C) and will get the output value
is above 3.2 and below 6.5, which is 4.85. Therefore, computer skill is medium.

4. CONCLUSION

Choosing the right course during register action for continuing study is the first key for a student to
get the future success. In [25], stated that the student’s interest and academic achievement are related and
relevant as a cause of a student to get an excellent academic performance. A positive achievement among a
sample of 50 students which are based on vigor, self-efficacy, self-set goals and previous academic result.
Both personal and situational interest have the potential to influence academic achievement as well as with
the use of deeper cognitive strategies [26]. Course recommendation is a system that can help the students to
identify their potential, ability, skill to get the best suggestion of course that also related with their result [27].
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