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Abstract. Students who choose to study in Computer Science in Malaysia at the
Degree level, basically have a diverse background of academic achievement at the
final level of their secondary school. Although there are minimum requirements set for
admission to Computer Science courses, students tend to demonstrate different
achievements after being at university. It is possible that the method of evaluation of
educational institutions is not in line with the actual skills mastered by the students.
Therefore, this study takes all the test data that has been collected before and assesses
which type of test is actually most effective to determine the level of student’s
competency in programming. This study proves that compared to other type of
assessments, students’ achievement in the final examination, additional lab assessment
with challenging questions and test correlated positively with the student's
programming competency. Our experiments also prove that if the final exam score is
less than 60%, it is very likely that the student should be classified as incompetent.
This suggests the final exam marks should carry significant weightage so that students
do not just rely on carried marks to get a high grade.

Keywords- Programming Assessments, Education

1. Introduction

Programming is one of the most important technical skills in computer science. Since the idea of the
development of Multimedia Super Corridor in the year 1988, IT technology development in Malaysia
has continued to grow to this day. High demand for system development by local companies has
prompted the industry to race to find highly skilled workers in programming. However, when graduates
apply for a job, the student's academic performance does not reflect the student's actual technical skills.
Often, system development companies are dealing with graduates who appear to be academically
sound, but their actual technical skills are poor. Therefore, this study aims to identify the most efficient
method to evaluate students in the subject of programming to ensure that the grades obtained reflect the
actual programming skills. We use data from two types of studies conducted on the students who took
the subject of Object-Oriented Programming (OOP) which is a compulsory subject for Software
Engineering and Cyber Security students at Universiti Tenaga Nasional (UNITEN), Malaysia. OOP is
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taught using Java and students have taken 2 programming subjects before, which are C and C++. The
topics taught in the OOP subject are:
e  Getting Started with JAVA and Numerical Data
- Differentiate classes and objects
- The differences between OOP and procedural language, examples of language, benefits and
weaknesses of OOP
- Basic components of Java programs (declare a name, create and use object), import statements
and package
- Types of comments in JAVA, including Javadoc comment, types of numerical data, constant
- Built-in classes and random number generation
- Arithmetic expressions in Java, type casting, promotion and demotion
e  Programmer-defined class
- Passing and receiving object from method
- toString() method and ‘this’ keywords
- Visibility modifiers and static keywords
- Constructor and method overloading
e  Selection and repetition statements
- loop-and-a-half control, compare objects
e  Exceptions handling and assertions
- Unchecked and checked exceptions, assertions
e  String manipulation
e Arrays
- Array of objects, 2-D array
e Inheritance and polymorphism
- Abstraction, polymorphism, interface
e  File Input/Output and all related classes

2. Object-Oriented Programming Assessments

Not many studies have been found related to undergraduate programming assessments. Among those
found were [1] and [2]. Most studies are about peer code review [3], assessing the students’
competency level in programming using Bloom’s Taxonomy[4] and analyzing student error patterns
[5]. The majority of studies are related to introducing automated tools [6], [7] and improvement of
teaching methods. Programming assessments are usually determined by the lecturer or through
discussions among faculty members. The following (Table 1) are examples of types of assessments
conducted by other institutions for Object-Oriented Programming subjects that use either C ++ or Java:

Table 1. Respondent’s CGPA and Achievements in Additional Mathematics and Physics

Institutions and reference Assessment Task and Weighting
sources

The University of Adelaide [8] | 4 practical 4%
Major practical 5%
4 practical exams 22%
Online ethics exercise 4%
Workshops 5%
Final written exam 60%

Swinburne University of Portfolio (for Pass and Credit) 100%
Technology [9] Semester test Pass/Fail
University of Kent [10] Lab exercises (Pass/Fail)

In-class test (Pass/Fail)
University of New Castle [11] | Tutorial / Laboratory Exercises: Laboratory Exercises
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Written Assignment:

Programming Assignment 1
Programming Assignment 2

Mid Term Exam

Final Exam

**\Weighting not mentioned

University of Maryland [12] Module Exercises/Quizzes (11) 22 points
Homework (6) 30 points

Midterms (2) 20 points

Final Project 15 points

Reflections (3) 9 points

Participation 4 points

TOTAL 100 points, frequency in bracket

The existence of a variety of testing methods indicates the need for a basic guide in designing a course
outline for OOP subjects. There is no denying that most institutions are aware of the importance of lab
sessions for OOP subjects. However, it is better if we know what is the best way to make lab sessions
more interesting for students because without realizing, there are students who feel stressed with lab
sessions due factors such as do not understand what is learned in class before attending the lab and
taking too long to complete a task that eventually leads to frustration and no longer interested in
programming.

3. Experiments Design: Quantitative Analysis

Experiments have been divided into quantitative and qualitative studies. For quantitative studies,
students complete several types of assessments divided into practice and written. Data from all these
assessments were then processed using RapidMiner. The total number of respondents surveyed was 103
people and they were students taking Object-Oriented Programming. Student achievement in the
subject of Additional Mathematics and Physics at the SPM level (Malaysian Certificate of Education) is
taken to study whether there is a connection between the mastery of the subject and the mastery of
programming. The two subjects were chosen because Additional Mathematics and Physics involved
analytical thinking, logic, deductive reasoning and an ability to deal with complexity [13]. SPM is a
national examination for all form 5 students who follow the education pathway of Malaysian
government schools. Taken after 11 years of schooling, SPM is one of the pathways to tertiary
education. In Malaysia, Additional Mathematics is offered as an elective to upper secondary students
within the public education system. Science stream students are required to take Additional
Mathematics as one of the subjects in the SPM examination, while Additional Mathematics is an
optional subject for students who are from arts or commerce streams. It covers various topics including
functions, quadratic equations, quadratic functions, simultaneous equations, indices, logarithms,
coordinate geometry, statistics and circular measure [14]. Physics will only be taken by students who
are in the Science stream. Student’s CGPA is also recorded to study the relationship between CGPA
and student's programming competency level. Table 2 shows the achievement of respondents. Table 3
shows the percentage for each assessment.

Challenging question which is one of the types of tests shown in Table 3 is an opportunity to get
additional marks given to students who have completed assignments during the laboratory session.
Laboratory sessions are allocated for 2 hours per week. Over 90% of assignments require students to
complete them within the 2-hour time range. In each semester, there are usually several students who
can complete the assignment in less than 2 hours. These students are given the choice of either leaving
the lab early or making a challenging question. Scores from this additional test will be added to the total
carried marks. The questions in this category are more difficult with students having to produce
programs for real scenarios and concepts that need to be used sometimes never learned in class and they
need to get the solution quickly using the remaining time available. The faster they complete the
compulsory lab tasks on the day, the longer the time they get for this difficult question.

Lab sessions are conducted for 2 hours per week with the presence of a lab instructor. Students use
IDE to run the program. In most weeks, students are required to demonstrate two or three questions out
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of an average of 8 questions divided into 3 levels of difficulty as shown below. Students are informed
that other questions that have not been demonstrated by them in class will be re-asked in the lab test.

Easy category:

- Completing fragment of codes/ program (missing JAVA keywords/ identifiers/
operators/punctuation,)

- Correct the program errors (logic errors, incompatible data types, mistakes related to over passing by
value, and passing by reference, accessing non-static member variables from static methods, catch
unspecific exceptions, class not found)

Medium category
- Correct the program errors but this time more than one classes may be involved
- Write a program
Challenging category
- Write a program for the real-scenario based questions or
- Topics that have not been taught in class

For the written category, year-end exams, quizzes and tests are assessments that have a mix of
theoretical and programming questions and are done in writing. However, tests in this category do not
involve any practical demonstrations but rely entirely on exam results.

Year-end examination of this subject according to Bloom Taxanomy level with 20% questions
category remembering and understanding, 60% category applying and analyzing and another 20% from
evaluating and creating category. All lab exercises at the time of this study was done manually marked
without the use of any automated tool.

Table 2. Respondents” CGPA and Achievements in Additional Mathematics and Physics

Number of Additional Number of Number of

CGPA Responden Mathemati Responden Physics Responden
ts cs ts ts
3.5-4.0 38 A+A A- 21 A+,AA- 18
3.0-35 36 B+,B 18 B+,B 25
2.5-3.0 11 C+.C 28 C+C 19
2.0-2.5 2 Below C 17 Below C 16

Table 3. Assessments Categories

Category of Assessments Percentage
Assessments
Lab test 10%
Lab exercise 10%
Practical Additional lab exercises 5%
(challenging questions)
Total 25%
Final examination 40%
. Quiz 10%
Written Test 150
Total 65%

Each percentage of tests shown in Table 3 is classified into 4 categories namely Advanced,
Proficient, Developing and Does Not Demonstrate based on the range of marks shown in Table 5.
Competencies rating as described by [15] as shown in Table 6. The final target is to determine whether
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students fall into the competent category or not. Table 5 shows the level to be achieved for both types
of written and practical tests to be classified as competent. This study stipulates that students need to at

least have to achieve advanced level for one type of test category to achieve competent level.

Table 4. UNITEN Grade Scale and Its Mapping to the Competency Level

UNITEN Grade Scale

0 E

40 D

43 D+ Does Not
45 C- Demonstrate
50 C

55 C+

60 B- Developing
65 B

;g T Proficient
38 AA;_ Advanced

Table 5. Definition of Target

Practical Written Target

Advanced Advanced Competent
Advanced Proficient Competent
Proficient Advanced Competent

Table 6. Competencies Rating [15]

Competencies

Competencies

4 — Advanced

3 — Proficient

2 —
Developing

1 - Does not
demonstrate

Has broad and deep understanding and skills, with substantial expertise
and experience in this area. Can apply this competency regularly and
independently and display this competency in complex, varied
situations. Role model for this competency.

Has sufficient understanding and experience to operate at a full
professional level with this broad range of moderately complex
situations. Can generalize basic principles to effectively function in both
predictable and new situations.

Newly developing in this area; has a general understanding of key
principles but limited or no applied experience with this competency. Is
capable of using this competency with coaching and support, in simple
situations.

Does not demonstrate this competency at the expected level, even with
available assistance or direction from others.
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4. Experiments Design: Descriptive Analysis

The experiment was divided into two parts consisting of calculations using RapidMiner and surveys.
The number of respondents involved in the survey is 87 people (56 males, 31 females), slightly less
than the actual number of students whose data is used for quantitative analysis. This is because not all
students in the class answered this survey. The purpose of descriptive analysis is to obtain additional
information that cannot be obtained from quantitative study for example, from this descriptive analysis
we found that educational institutions have the potential to polish students' programming skills because
most of them said still interested in attending lab, although at the same time they less interested in
programming in general.

This also proves there is the potential to improve programming subjects by incorporating practical-
oriented elements. Interest in practical learning is in line with the results of descriptive analysis shown
on the learning style that is most interested in respondents, namely kinesthetics. Kinesthetic learners
love to touch objects and are physically involved with whatever they learn [16]. Students are asked if
they are interested in programming. Students are allowed to write additional reasons if they are not
interested in programming. A specific question related to the interest of attending the lab was also
raised. Students are also asked about the after-graduation plan by being given 3 main options along with
sub-options as presented below:

e |IT Technical
oWork in IT-related companies and do works related to IT
oStart my own IT-related business
e Non-IT Related
oWork in the area that is not related to IT
o Start my own business that not relate to IT
o Further study
Finally, students are also asked about the learning style which consists of several options such as
kinesthetic, auditory and visual. The questions used to assess the student learning style are from [17].

5. Results of Quantitative Analysis
Fig.1 shows Decision Tree Gain Ratio [18] which shows information from different sides. From this
decision tree, it was found that students who obtained the final exam result of 31.4% and above from
40%, obtained the probability to achieve a competent level. It can also be seen that the final exam
score is less than 26.2% (out of 40%) is a less competent student. Additional lab assessments which is
not a compulsory test but an option for students to do it to increase marks, only requires students to get
3.5% out of 5% to achieve a competent level. Apart from the additional lab exercises that are
completely technical, it is also found from the decision tree that there is a high probability of achieving
a competent level if the lab test achieves an almost perfect score. Referring to Fig. 2, through the
experiments conducted, among all the variables, 4 variables namely final examination, additional lab
assessment, test and CGPA most impact. This means that if the 4 variables are taken into account in a
programming competency assessment, there is a high probability that the competency assessment
results will produce accurate and reliable results. The top variables that have the highest positive
correlation with the target (target) in sequence are the final examination, additional lab assessment and
test. While the highest variable that is negatively correlated with the target is CGPA. The target
(target) in this context is students with high competence in programming. It can be seen here that, not
all students with a high CGPA (over 3.5) will also achieve a high level of competence and student
achievement in the subjects

Additional Mathematics and Physics, two subjects that are said to have high relevance to logic
thinking, problem solving and programming, does not significantly affect students' level of
competence. If we look at the results of the study in detail, it is also found that out of 103 students, 20
people are classified as competent with 18 of them getting high marks in additional lab assessments
(Table 3), which is additional training done in practical time and should be completed in a limited
time.
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Figure 1. Decision Tree Gain Ratio
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Figure 2. Correlation Matrix
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6. Results of Descriptive Analysis

The results of the descriptive analysis survey are shown in Table 7. The highest percentage of
students are less interested in programming because they often take too long to complete a
programming assignment. Overall, more than half of the students were not interested in
programming. However, unexpected results are shown in the question of whether they are
interested in learning in the laboratory or not. It was found that almost half of the students were
actually interested in attending the lab, although at the same time they also stated that they were
not interested in programming. Students' interest in practical learning is in line with most of their
minutes on kinesthetic learning methods. Students' interest in practice shows that there is
potential for students to enjoy programming if the right steps are taken. Similarly, the high
percentage recorded by students who are interested in venturing into the field of IT technical-
related work, indirectly indicates the potential of their skills can be polished. However, at the
same time, it is stated that they are not interested in programming. This indicates that it is very
appropriate if attention is given to strengthen students' programming skills because they are
actually interested in the technical field of IT.

Table 7. Results of Descriptive Analysis

Category of Assessments Percentage
Assessments
Less interest due to negative perception 14.94%
Less interest due to long time needed to 54.02%
complete programming-related exercises
Less interest, others. Among other 1.15%
Interest in reasons are:

“Unable to write program starting from scratch”

"Did not spend time to study programming”

"Feel that programming involves memorizing, which she
does not like"

“Easily give up”

"Not enough time to practice"

Programming

Have interest 39.08%
Less interest due to inconvenient lab 3.45%
setting
Less interest due to bound by a set 24.14%
timeframe
Less interest due to peer pressure 21.84%
Less interest due to lack of understanding 14.94%
when not doing enough preparation
Less interest, others 5.75%
Interest in :The lab setting is inconvenient'”. _ _
Attending Works have to be completed within the timeframe set by

Lab the instructor. “

“Peer pressure (friends have completed their works but
you are not).”

*““I did not understand many topics as | did not study or
tried to understand the theory before attending lab.
"Worried and nervous"

"Lab session too early 8 am"

"Tend to mix Java and C++"

"Has no friends"

Enjoy lab session 49.43%
Plan After IT technical 73.56%
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Graduation Non-IT technical 21.84%
Further study 27.59%
Learning Kine_sthetic 58.62%
Style Aydltory 13.79%
Visual 32.18%
** The percentage is calculated by dividing total responses with total number of respondents and
multiply by 100.

7. Overall Analysis and Conclusion

In Malaysia, students who choose to pursue Computer Science consist of students with different
academic achievement backgrounds. The final grade obtained by students for the subject of
programming sometimes does not reflect the actual level of competence of the students due to
factors such as training completed by students outside of class time, the level of difficulty of
inappropriate questions, and marking methods that do not assess certain important skills. From
the experimental results, it is concluded that the training should be practical oriented which can
be done by not only asking students to write the program only but can also be in the form of
completing the program or correcting program errors. If an automated tool is not used, checking
the student program one by one will take a long time, especially if the number of students is high.
CGPA should not be the only measure of the level of programming competence since it has been
proven through experiments that show a negative correlation between CGPA and programming
competency level. This experiment also proves that if the final exam score is less than 60%, it is
very likely that the student should be classified as incompetent. This information can actually tell
us that despite having a carried marks system, the final exam marks should be set to reach the
minimum level so that students do not just rely on carried marks to get a high grade.

Apart from academic-related tests, the attitude of students who strive to complete additional
exercises with difficult questions deserves attention because this attitude is proven to have a high
positive correlation with programming competencies. This has been proven from experimental
results showing that Additional Lab Exercises (Table 2) is the most influential variable. The
attitude of students who make additional exercises consisting of difficult questions reflects
resilience. This is in line with the opinion [19] that states “Resilience is about moving forward
and adapting but grades can trap individuals into a sense of entitlement defined by a perception
of themselves according to their grade average”. Resilience greatly determines the attitude of
students in learning new things in the future.

Despite realizing that the test should be fully conducted in the laboratory with most questions
of a practical nature, it could not be implemented due to the issue of marking. The large number
of students and the assessment that do not use special software to enable marking automatically
become among the barrier factors. For learning style kinesthetic or practical, learners learn best
by carrying out physical activities [16]. As applied by the ScEd-AdaptiveLearning System
(ScEd-ASL), which is a computer-based science learning media that accommodates students’
learning style variations [20], students are requested to straight to practice, being assertive, direct
evidence, compiling material related facts and working with selecting real examples. All these
features they provide for the type of kinesthetic learning.

This study also shows that there is a need for the country to make its students interested in
programming. If they express interest in venturing into the field of IT after graduation, but are
not interested in programming, this situation is quite worrying because it is feared that the
prospective IT workforce who will one day lead the country will not have the proper skills.

What is discussed in this paper is an initial step towards preparing students before venturing
into the industry. Certainly there are some other more stringent methods used by the industry to
evaluate their prospective employees such as evaluating whether their candidates passionate
about technology, programs as a hobby, interested in talking about technology when the topic is
raised, has some side projects, learns new technologies on his or her own, opinionated about
which technologies are better for various usages, can have great conversations on a variety of
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topics, started programming long before university or work, and knowledge of a large variety of
unrelated technologies [21].

Not all universities provide tutors who can help with marking. Therefore, testing using
automated tools may be one of the best solutions at the moment. However, not all automated
tools conform to the testing concept implemented by an institution. Focus should not be given
only to assessments but should also be on teaching methods in order to support preparing
students in completing the assessments. It can be seen here that learning that shows the
relevance of the concepts learned to the actual scenario, is more efficient than a long lecture
session in class.

The percentage allocated to the final exam conducted in writing before should be reduced by
including a practical assessment whose questions require the creation of an algorithm and write a
program based on that algorithm. Students should be allowed to obtain information from any
online source. Students need a basic program to gain confidence to generate better ideas.
Through the descriptive analysis of this study, it has been shown that students are less interested
in programming because asking students to write programs from scratch is difficult for some

students.
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Figure 3. Summary of Survey Results
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