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Abstract—Previously, our undergraduates in electronic en-
gineering program had to explore and learn MATLAB from
the beginning by their own, without direct guidance. Based
on this, we decided to formally introduce MATLAB to them
as a part of the syllabus in our Advance Laboratory course,
in order to continuously improve our electronic engineering
undergraduates. As we want to track the significance of the
course, two surveys have been given to the students. One
survey has been executed at the beginning of the laboratory,
and another one has been carried out at the end of the la-
boratory session. The outcomes from these two surveys
show that the designed syllabus successfully increases both
skill and confident level of our students in solving complex
engineering problem using MATLAB programming.

Index Terms—Computer science education, electronics en-
gineering education, MATLAB, programming.

[. INTRODUCTION

MATLAB has becoming one of the major computer
programming languages used in various engineering fields
these days [1]. To be more specific, in electronic engineer-
ing field, MATLAB together with its appropriate support-
ing toolboxes has been used in aiding engineers to solve
complex engineering problems. MATLAB has been used
as a tool in digital signal processing [2], digital image pro-
cessing [3], artificial intelligent [4], control and robotic
[5], pattern recognition [6], data visualization, simulations,
and statistics. Furthermore, the user can use external li-
braries with MATLAB, which as a consequence makes
the usage of this high level programming language broad-
er [7]. As there are many benefits that can be obtained
from the usage of MATLAB, in our opinion, it is much
better if our students have a formal introduction to
MATLAB programming.

Academic 1
year

Semester

Subject

Figure 1. The courses related to computer programming

Our undergraduate electronic engineering program is
structured into a four years program, with two semesters
per academic session. Following the common formation
for electronic engineering program, similar to other higher
learning institutions in this world, we also provide our
student with computer programming knowledge. The
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components of computer programming lessons in our pro-
gram structure are shown in Fig. 1.

Our students have been taught computer programming
during their first year, first semester, through a course
known as EEE123: Programming for Engineers. This
course trains our students the basic skills that are required
in computer programming. This computer programming
course concentrates on the usage of C++ programming
language. The syllabus includes declaring variables, using
control flow, creating functions and classes, and storing
data in files.

In second semester of their second year, our students
took EEE226: Microprocessor 1. Various aspects of mi-
croprocessor are covered by this course. In order for our
students to program the microprocessor, assembly lan-
guage has been taught to our students. As a continuation
to this course, our students also use assembly language in
their third year, first semester, for EEE320: Microproces-
sor 2.

With these three courses, we believe that our students
are already competent in computer programming. Howev-
er, in order to make our students to be more confident and
competent in computer programming, we are actually still
thinking that a formal introductory to MATLAB pro-
gramming is required to benefit our students, especially
for solving engineering problem [8]. By introducing
MATLARB to our students, we hope that our students will
have a broader knowledge in computer programming.

This paper is actually an extended and updated version
of our conference paper, presented in 2013 IEEE Interna-
tional Conference on Teaching, Assessment and Learning
for Engineering (TALE), which was held in Bali Dynasty
Resort, Kuta, Bali, Indonesia, on 26-29 August 2013 [9].
This paper is divided into six sections. Section II gives the
course objectives of our Advance Laboratory. Course con-
tents of this MATLAB introductory laboratory are pre-
sented in Section III. Evaluation of the course is briefly
presented in Section IV. We carried two surveys during
this course, and the outcome from these surveys is pre-
sented in Section V. Section VI gives the conclusion from
this case study.

II. COURSE OBJECTIVES

Based on a few informal feedbacks, we found out that
some of our undergraduates have used MATLAB for their
assignments. Unfortunately, as MATLAB is usually being
considered as a high level programming language, and
easy to be learnt, previously, our students have to explore
this programming language by their own, without a proper
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guidance. As a consequence, although our students com-
pleted their assignments successfully, they still feel not
very confident with their current MATLAB programming
skill.

The computer programming skills might help our stu-
dents to accomplish their assigned tasks during their in-
dustrial training, which normally taken place in semester
break, between their third and fourth year. In addition to
industrial training, some of our students will probably use
MATLAB for their research and development in their
final year project. MATLAB also could help our students
to have a better understanding in their courses during their
fourth year.

Therefore, we have decided to incorporate MATLAB in
our course, EEE351: Advance Laboratory, which is a
course offered in the second semester, for third year stu-
dents. This is a fully coursework based course, and have
been divided into four portions, accordingly to its course
objectives (COs). One of the COs is to be able to solve
complex engineering task by the aid of computer pro-
gramming. Because one semester has 14 weeks, three
weeks have been allocated to fulfill this CO (i.e., 14
weeks + 4 COs = 3 weeks per CO).

The objectives of this MATLAB introductory laborato-

ry are:
1. To familiarize students with MATLAB environ-
ment.

2. To increase the interest of the students towards
computer programming.
3. To increase the confident of our students in comput-
er programming.
The first objective was been set as we assume that most
of our students do not have any experience on using
MATLAB before.

III. COURSE CONTENTS

During this three weeks course, the course had been di-
vided into three sections. Each section occupies one week
and requires two laboratory sessions. Each computer la-
boratory session is a three hours session, and therefore, at
least eighteen hours are needed to completely cover this
introductory course. The content and objectives of each
section are explained in the following subsections:

A. Week 1: Relating MATLAB with C++

Due to limited time allocated for this MATLAB intro-
ductory laboratory, and we treat our students as adult
learners, it is better to allow our students to relate
MATLAB, which is a new programming language for
them, with the programming language that they are al-
ready familiar with, which is C++. Therefore, the contents
for this first week were designed so that they look similar
to the syntaxes of C++ programming language. The dif-
ference between MATLAB and C++ code have been em-
phasized, such as the use of ‘{’ and ‘}’ in C++ as com-
pared to “end” in MATLAB.

As most of the students do not have experience on us-
ing MATLAB before, steps on using MATLAB integrated
development environment (IDE) have been shown in de-
tails by the aid of figures. The students have been guided
on how to execute the codes in MATLAB, to force break
a process, to use command window, and to use M-file.
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Figures and examples have been provided in the student
manual, to further assist the students.

This laboratory section introduces students with varia-
bles in MATLAB. Similar to C++, we introduce the stu-
dents with double and integer variables, so that the student
can appreciate the code in order to reduce the program
size, or to obtain a more precise calculation result. We
also introduce students with character and string manipu-
lation. Students also learn logical variable in MATLAB.
To fully utilize the advantage of MATLAB as compared
to C++, we introduce students with matrices, arrays, vec-
tors, and complex numbers.

In the module also, we introduce the students to matrix
operations and array operations in MATLAB. The differ-
ences between them have been highlighted. Furthermore,
we also teach students regarding to logical expressions,
and binary operations. In order to help the students to re-
late MATLAB with C++, control flow such as for loop,
while, and if-else, have been included into the syllabus.
We also teach our students on how to display the results to
the computer monitor, and to get the input from the user,
dynamically, during the running time using the keyboard.
The students also learn how to safe their output in files in
several formats, including Microsoft Excel file.

Examples for the abovementioned contents have been
given in the manual. The students are required to try the
examples and solve five computer programming exercises.
The exercises involve in solving circuit analysis, creating
multi-dimensional array, estimate the derivative for a
function, creating a calendar in Microsoft Excel file, and
determine the day of birth. These exercises require the
students to develop and find the relevant mathematical
equations, and implement these equations as MATLAB
codes. The codes and corresponding outputs, together with
a short report, were submitted at the end of the week 1.

B. Week 2: Presenting and Visualizing Data

One of the popular MATLAB usages is to plot the data.
Therefore, the content for this week was specifically deals
with this matter. The students have been introduced with
plotting continuous data, and also plotting discrete data.
The students are also been taught on how to plot multiple
functions on the same window.

The students have been taught on how to label the plot,
and how to plot multiple functions. Several examples have
been given to students, and they need to solve five exer-
cises. These exercises are mostly related to digital signal
processing, and involve in modulation, sampling, finding
the median and quartiles values, Fourier transform, and
convolution. Students need to submit their codes and cor-
responding plots, together with a short report, at the end of
the week 2.

C. Week 3: Mini Project

During this last week, we gave our students one com-
puter programming problem in order to challenge them
and strengthen their understanding in MATLAB. In order
to fit to a broad background of our students, the problem
need to be solved is a general task. In our case, we asked
our student to solve a Sudoku puzzle using MATLAB.

The Sudoku that need to be solved is not so hard and
complex. This is shown in Fig. 2. As shown in this figure,
only 35 from 81 cells are unknown and need to be found.
Because this is an easy Sudoku, we expect the students
can solve this Sudoku without much trouble by their own,
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and thus can design the flow of the program appropriately.
Therefore, the students can compare the outputs from
MATLAB with their calculated values, and this can be use
to verify their codes.

At the end of the week 3, the students need to present
their work through a short viva-voce session. Each group
also needs to submit the code and provide a short report
for the evaluation.

IV. EVALUATION OF THE COURSE

This laboratory session was handled by one lecturer,
and three tutors. It was held on March and April 2013.
There are 51 students in total, with age between 22 to 26
years old. The distribution of our students, based on age is
tabulated in Table I.

Our students come from different races. In order to en-
courage the students to work together and help each other,
we divided them into 25 groups, where each group has
two members (except one group has three members). The
combinations of the group is presented in Fig. 3.

During the laboratory sessions, we encouraged the stu-
dents to ask questions if they have any problem with their
tasks. We did not provide them the solution, but guided
them to solve the problem successfully. We also allowed
the students to do discussions between groups.

The performances of the students were evaluated based
on the submitted materials (i.e., codes, outputs, and short
reports). The performances were also further evaluated
during the short presentation sessions. Some of the aspects
that we have considered during the evaluation are:

1. Do the codes produce the expected outcomes?

2. Are the code syntaxes written correctly?

3. Are the codes written neatly (e.g., based on the name

of variables or comments)?

In order to initiate the learning process to the students,
we provided all the modules (i.e. for three weeks) at the
beginning of the week one. Therefore, the students can do
their revision accordingly, based on their own time.
Furthermore, the students also have given opportunity to
do self-assessment. In this laboratory session, each stu-
dent is required to judge their own performance, their

Figure 2. The Sudoku given as the mini project

TABLE L.
DISTRIBUTION OF STUDENTS BASED ON AGE

Age Number of Students
22 years old 33 students
23 years old 17 students
26 years old 1 student
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Figure 3. The combinations of EEE351 laboratory groups.

group performance, and also their partner’s performance.
The forms for this self-assessments were given during
week one, and submitted at the end of week three. Guided
by these forms, the students are able to know which aspect
that are important in this laboratory sessions.

V. OUTCOME FROM THE SURVEYS

Two set of the surveys have been given to the students.
One survey was submitted at the beginning of week one,
while another survey was submitted at the end of week
three. The questions for Survey 1 are:

1. Do you own a computer? (Yes/No).

2. What grade did you obtained for EEE123: Computer
Programming for Engineers? Is it grade B- or
above? (Yes/No)

3. Do you like computer programming? (Yes/No).

4. Are you confident to do the computer coding?
(Yes/No)

5. Do you think computer programming is fun?
(Yes/No).

6. Do you think computer programming is useful for an
electronic engineer? (Yes/No)

7. Have you use MATLAB in any course before?
(Yes/No).

8. Are you proficient in MATLAB programming?
(Yes/No).

9. Are you interested to learn MATLAB? (Yes/No)

10.Can you solve complex engineering problem by
computer programming? (Yes/No)

The questions for Survey 2 are:
11. Do you like computer programming? (Yes/No)

12. Are you confident to do the computer coding?
(Yes/No).

13.Do you think computer programming is fun?
(Yes/No)

14. Do you think computer programming is useful for an
electronic engineer? (Yes/No)

15. Are you proficient in MATLAB programming?
(Yes/No)

16. Do you think programming in MATLAB is interest-
ing? (Yes/No)

17.Can you solve complex engineering problem by
computer programming? (Yes/No)
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18. Do you think this syllabus is relevant to this course?
(Yes/No)

19. Do you think this syllabus is useful for you in fu-
ture? (Yes/No)

We use Survey 1 to indicate the computer programming
background of our student. Survey 2, which has six same
questions with Survey 1, will be used in order to track the
benefits from our course. All students have responded to
Survey 1, and therefore we have 51 responses. However,
two students did not return their form for Survey 2. Thus,
we only have 49 responses for Survey 2.

A. Outcomes from Survey 1

The results from Survey 1 are shown as bar graph in
Fig. 4. From this figure, for question 1 (Q1), all respond-
ents admit that they own computers. Therefore, we can
assume that all the students are familiar with computer,
which hopefully will make the computer programming
lessons easier for them.

From Fig. 4, question 2 (Q2) shows that 30 from 51 of
our students have obtained grade B- or above for their
EEE123 course that they took during their first year.
Therefore, we can assume that more than 50% of our stu-
dents have good computer programming background.

Question 3 (Q3) from Survey 1 asks the student wheth-
er they are interested in computer programming or not. As
shown in Fig. 4, almost 50% of the students, which is 23
out of 50 students, show their interest in computer pro-
gramming. If we inspect the relationship between Q2 with
Q3, as presented in Fig. 5, we can see that the students
interest towards computer programming might be contrib-
uted by the grade they obtained from EEE123.

Interestingly, based on question 4 (Q4), we can observe
that not many students are confident to do their own code.
It is only 37.25% of the students are confident to do their
own computer coding at the beginning of our laboratory
sessions. Fig. 6 shows the relationship between Q2 with
Q4. As shown in this figure, even the students have good
grade for their EEE123, some of them actually still do not
have confident to do their own code. Fig. 7 shows the rela-
tionship between Q3 with Q4. As shown in this figure,
almost half of the students who are interested in computer
programming still do not have confident to do their own
code.

Survey 1

Number of Students

Q1 02 a3 04 Q5 Q6 Q7 Q8 a9 Q10

Question

Figure 4. Responses from Survey 1
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Figure 5. Relationship between student’s interest in programming (Q3)

with the grade obtained for EEE123 (Q2)

Grade Obtained for EEE123

B- and above Below B-

5
2

O IR

< >

2

@) students students
Q

=

8

=

[

= students students
=

g

@)

Figure 6. Relationship between student’s confidence in computer
programming (Q4) with the grade obtained for EEE123 (Q2)
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Figure 7. Relationship between student’s confidence in computer
programming (Q4) with their interest level (Q3)
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Figure 8. Relationship between student’s grade in EEE123 (Q2) with
their opinion about the fun of computer programming (Q5)

As shown in Fig. 4 and Fig. 8, the responses to ques-
tion 5 (QS5) is almost similar to Q2, where most of the
students think that computer programming is fun. Besides,
from the result of question 6 (Q6), we can see that almost
all the students admit that computer programming is im-
portant for electronic engineers.

Therefore, although most of the students are not ex-
posed to MATLAB before (indicated by questions 7 (Q7)
and 8 (Q8)), they are interested to learn MATLAB. This
can be observed from question 9 (Q9) in Fig. 4. Yet, simi-
lar to Q4, the outcomes from question 10 (Q10) indicate
that almost all of the students are not confident to solve
complex engineering problem by using computer pro-
gramming.

B. Outcomes from Survey 2

The results from Survey 2 are summarized by the bar
graph shown in Fig. 9. In this survey, questions 1, 2, 3, 4,
5, and 7 (i.e. Ql, Q2, Q3, Q4, Q5, and Q7) are repeated
from Survey 1. The questions are designed in this form in
order to track the improvements obtained from this course.

Survey 2
60
48 48 48
50
2
$40
-]
3
A
‘630
@
£
320 -
z
10 1
0
Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Question
Figure 9. Responses from Survey 2
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For Q6 in Survey 2, we can see that majority of the stu-
dents, which is 44 out of 49 students (89.80%) think that
MATLAB programming is interesting. This is tally with
Q9 in Survey 1, where 88.24% of students are interested
to learn MATLAB. Furthermore, from Q8 and Q9 of Sur-
vey 2, most of the students, which is 97.96% from 49 stu-
dents, think that this MATLAB introductory laboratory is
relevant to this course, i.e., EEE351, and might be useful
for them in future.

When we compare Q1 from Survey 2, with Q3 from
survey 1, we can see that there is a significant increment
in the number of students who like computer program-
ming. Similarly, when we compare Q2 in Fig. 9 with Q4
in Fig. 4, more students are becoming confident to do their
own code. However, the number of students who not con-
fident is still relatively higher.

Similarly, we can see improvements (in terms of per-
centage) when we compare Q1, Q2, Q3, Q4, Q5, and Q7,
in Survey 2, with Q3, Q4, Q5, Q6, Q8 and Q10 in Survey
1, respectively. This is tabulated in Table II. Therefore we
can say that the introductory laboratory successfully im-
prove the confident level and programming skills of our
students. Furthermore, most of the students find
MATLAB programming is interesting, and this course is
useful and relevant.

TABLE IL
INCREMENT OF ‘YES’ ANSWER IN SURVEY 2 FOR THE RESPECTIVE
QUESTIONS AS COMPARED TO SURVEY 1

Q3) | @) | Q5 | (Q6) | (Q8) | (QL0)
45.1% | 25.5% | 66.7% | 96.1% | 3.9% | 9.8%

QD | Q) | @) | (@) | @) | QD

Survey 1, S1

Survey 2, S2

71.4% | 38.8% | 83.7% | 98.0% | 40.8% | 53.1%
Increment,
S2-S1 26.3% | 13.3% | 17.0% | 1.9% | 36.9% | 43.3%
Increase? Yes Yes Yes Yes Yes Yes

VI. CONCLUSION

A MATLAB introductory laboratory has been executed
successfully. Although it is a three weeks laboratory, the
results from two surveys show that the content of this la-
boratory sessions successfully increase students’ pro-
gramming skill and they becoming more confident to
solve complex engineering problem using computer pro-
gramming.
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