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Abstract. Student engagement has long been known can increase the student
performance. However bring this concept to practice may not be as easy as it
sounds. Some factors, such as the teacher, the students and their background,
the course content, the academic atmosphere, the study culture, etc., influence
its implementation. This paper presents the practice that is applied in the Infor-
matics Department of the University of Surabaya to enhance the student
engagement in the introductory programming course (i.e. Algorithm and Pro-
gramming). This course is one of the course that is commonly known as diffi-
cult and make many Informatics students in the University of Surabaya dropped
their study in the Department. The practice to enhance the student engagement
in the Informatics Department of the University of Surabaya is designed to fit
best with the condition in the Department. As a result, the students’ perfor-
mance increase two grade level compared to the students’ performance in the
previous years.

Keywords: Student engagement, introductory programming, increasing the
student performance.

1 Introduction

Algorithm and Programming (Alpro) — an introductory to programming course in
Informatics Department of University of Surabaya — has long been known as difficult
and make many students in Informatics students in the University of Surabaya
dropped their study in the Department [1, 2, 3, 4, 5]

Alpro is used as a prerequisite before the students can take the other programming
course that is Object Oriented Programming (OOP). To take OOP, the students must
pass Alpro with a minimum grade: C. In Semester I of academic year 2012/2013,
45% of the students failed to pass Alpro. In the following year — Semester I
2013/2014, the percentage of students who failed to pass Alpro is 44%.

The efforts to reduce the number of students who failed to pass Alpro were tried
for several years. However these efforts tried to fix the problem from the cognitive
point of view only. In this case the teachers tried to fix the problem of the student’s
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inability to read and understand student code [6], the difficulty in understand the syn-
tax and semantics [7], etc. As a result, there were modification in the breadth and
depth of course content, the level of difficulty of the assessment, the delivery method,
and so on. Unfortunately, the number of students who failed to pass Alpro were still
very high.

This research tries to find methods, approaches, or strategies that can be used to
decrease the student failure in Alpro. A lot of research showed that the student en-
gagement is a key point to improve the student performance [2, 3], [8, 9, 10]. There-
fore increasing the student engagement seems as a promising method to solve the
problem in Alpro. Unfortunately, the practical approaches and strategies to improve
the student engagement may vary from case to case. Some factors such as the type of
the course, the education culture, the student background, etc. may influence the ap-
proaches and strategies that can be used.

In this paper, some practical approaches and strategies that are used to increase the
student engagement in Alpro, in the Informatics Department of the University of Su-
rabaya are shown and discussed. These approaches and strategies are proven can ef-
fectively increase the students’ engagement that in the end increase the students’ per-
formance. As a result, the numbers of students who failed to pass Alpro in Semester I,
2014/2015 is projected to become 12% only. This is 28% lower than the one in the
previous year. In Addition, the average mark of the students is projected to increase
two grade levels, from BC to AB.

2 The Historical Background of Algorithm and Programming

Alpro is offered in the Informatics Department of the University of Surabaya as an
introduction to programming course. This course is designed to be administered in a
classroom for four unit hours (1 unit hour = 50 minutes) per week. In addition, the
students can also take two more unit hours (optional) in the computer lab. A teacher
administers the meeting in the classroom, while a student assistant administers the
meeting in the lab.

The meetings in classroom were intended to give a conceptual view of program-
ming to the students. In some meetings the students were also asked to do some pro-
gramming exercises. The solutions of these exercises can be written in the book. The
intention to use classroom instead of lab was meant to increase the number of exercis-
es that could be solved by the students. This was possible because the students do
need to run and debug the program that they wrote. Sometimes, finding errors from
even a logically correct program can spend a lot of time.

In this scenario, the students were expected to copy the solutions in the book to the
development software in their computer, at home. Unfortunately, not many students
performed this. As a result, it was common to find students that never use the develop-
ment software. Some of them even did not have the software installed in their computer.

The existence of the lab session did not help too much. Because the students’ atten-
dance were not compulsory, the number of students in the lab session dwindle quickly
week by week. The lab session that was meant to help them in the programming problem
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and to support them to understand programming better, did not fascinate the majority of
the students.

As described in the Introduction section, 45% of the students failed to pass Alpro
in Semester I 2012/2013, and 44% in Semester I 2013/2014. The students are consi-
dered failed to pass Alpro if their grade is D or E.

3 Holistic Approach to Enhance the Student Engagement

Theoretical and empirical research suggests that academic engagement can improve
the student performance [2, 3], [8, 9, 10]. However the practical strategies to improve
the student engagement may different from case to case. A holistic approach may be
required to truly actualize the student engagement in class.

In the following subsection I will discuss some factors that influence the student
engagement, as well as the approaches and strategies that I and the teaching team
perform to improve the student engagement.

3.1 The Course Content

Learning programming is a skill [7]. Human commonly masters a skill by performing
hands on experience on the skill to be mastered. In learning how to program, the hands
on experience are writing the program and learning how to find and fix the error.

That is the reason why teachers always ask students to write the program for solv-
ing the task in the exercise. Unfortunately, experience from the previous semesters
showed that many students were not motivated to write the program. The engagement
of the students to the class activity were very low.

One contributed factor to this condition is the content of the course that do not
support them to understand well and cannot arouse their excitement. In order to in-
crease the student engagement from the course content factor, we perform the follow-
ing approaches and strategies:

e Problem based learning

One reason that brings the students disinterest in writing programs is the absence
of clear relation between the problem in the exercise to the problem that they
thought they would face in real life [11]. For example, one common exercise in
Alpro is asking the student to write a program to find factorial numbers. The ma-
jority of the students may thought that the program to find factorial numbers was
meant as a programming exercise only. They thought that they will never face
this kind of problem when they work as programmers later on. This kind of
thought will certainly decrease the students’ motivation to write the program.

Our strategy for this case is to rewrite all the given exercises in the previous
semesters, and make them similar to the problem that the students thought they
may face in real life. By this kind of exercise, we expect that the exercise would
fit better to the student expectation if they work as a programmer later on.
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As an example, to ask the students to write a factorial program, we create a story
of a certain matchmaking company that wants to hire a programmer to solve a
certain problem. In this case the company problem is to find out the number of
possible combination to match the men and women that are already registered in
that company. Certainly the problem of finding the number of combination can
be solved by finding a factorial number. Applying the knowledge to be learnt to
the real life problems can increase the student interest in learning [12].

Building on prior knowledge

It is important to know that many students in the Informatics Department of Uni-
versity of Surabaya have no background in programming. Introducing program-
ming as a new and isolated entity will make it hard to be understood or to be re-
tained in the students’ memory. Human memory works by connecting the new in-
formation to the existing information that they had in memory [13].

Because the students may not have a programming background then we need to
link the concept of programming to the events that they have experienced in their
life. We use analogy. For example, to introduce the concept of how a program
works, we gave an analogy of cooking an instant noodle. When a person cooks an
instant noodle using the exact steps as written on the noodle package, the detail
of the instructions, the usage of the appropriate words, and the correct order of
the instruction will influence the result that the person gets. Using this analogy,
the students are expected can imagine the concept of programming.

In addition, in explaining the new topic we tries to link it to the previous topics.
Learning can be effective if learners can connect the new material with the one
that already exists in memory [14]. Linking the new topic to the previous topic
can make the new topic become easier to be understood and also strengthen the
knowledge of the previous topic.

Learning by example

Human learn by example [15]. Therefore it is important to provide an example
and let the students do the exercises by mimicking the work in the example. In
previous semesters, examples were also given in the end of certain topics. Unfor-
tunately, after further analysis we found that some examples were stressing on
how to use the program constructs rather than solving a problem using the pro-
gram constructs. An example that shows how to solve a problem is more benefi-
cial than an example that shows how to use the program construct.

We checked all examples in the previous semesters and revised them to become
examples that show how to solve certain problems. We ensure that the first exer-
cise has a similar solution to the example solution but it is wrapped in different
case study. Therefore, the work in the example can be used as a foundation of
thought to do the first exercise. In addition, we also ensure that all topics are al-
ways ended with an example.
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Learning by doing

Because programming is a skill [7], the students should have hands on experience
of it. Learning how to program can be mastered if the students often practice
writing the correct program [12, 13]. Unfortunately experience from the previous
semesters showed that not many students were motivated enough to write the
program, especially in the development software.

In this research we applied some strategies to encourage and to push the students
to write the correct program in the development software. The first strategy that
we performed was asking the student to install the development software in their
computer. The development software that we use is Visual Studio Express Ver-
sion that can be downloaded and used for free. To motivate the students, we re-
warded a 10 point mark to the students that can show that Visual Studio are al-
ready installed in their computer. Some students sent a screen capture of the
software and some students were happily sent their selfie photo with Visual Stu-
dio displayed on their monitor. The good thing is that all students did this task.

The existence of the development software in the student computer is the first
step required to encourage the student to write the program in the development
software. At any time the student wants to write the program, the development
software is already in their computer, ready to be used. On the contrary, without
the development software ready, the students that originally want to write a pro-
gram, must spend some time to download and install the development software.
The lengthy process of downloading and installing the software may put out the
students intention to write the program.

The second strategy is to encourage the students to bring their laptop to the class-
room. With this laptop, the students can write the exercise solution directly on the
development software. They do not need to write the solution in the book first
and copy it to the development software later on. Because of this encouragement
and other strategies from other factors, there are many students bring their laptop
to the classroom in this semester. Writing the program on the development soft-
ware enables the students to immediately see the result of their program. A pro-
gram that can run and display the result correctly often give a certain level of sa-
tisfaction to the programmer.

If the students did not bring laptop, we still wanted the students to write the pro-
gram in their book. Therefore we repeatedly reminded the students that learning
programming is a skill and can only be mastered by practice writing programs.
We told the students that we would really happy if they can show their program
to us to get any feedback. Many students were happily showed their program to
us for a feedback. The teacher feedback is one of the situational factors that affect
student learning [17].

The third strategy is to balance the time used to deliver the knowledge and to prac-
tice writing the program. We believe that the students need to practice writing the
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program, but we also believe that they need to understand the knowledge that un-
derlie the practice. Therefore learning the knowledge and practice is equally im-
portant [18] Because of this we strive to use only 50% of the allocated time in
every meeting to deliver the knowledge and to use another 50% for practice.

Although this strategy looks simple, its implementation was not easy. In the pre-
vious semesters, one topic was usually delivered as a whole (just like a book
chapter) before it was continued with the exercise. Because of this strategy, we
have to split a certain topic into several sub topics. We have to ensure that the sub
topic can be delivered in more or less 50% of the allocated time. The application
of this strategy can successfully make the students understand the topic better.

3.2  Academic Atmosphere

In previous semester, it was common to see a passive and apathy students in class.
These students preferred to use their time for chatting with their friends instead of
doing the exercises. As a result, the students that actually wanted to do the academic
activity eventually got affected and joined the chat. The engagement to the class ac-
tivity was low. The reasons that make the students become passive and apathy are
possibly from the students’ disability to do the exercise but they are too shy or afraid
to ask the teacher about how to do it. This is a common academic problem in many
education level in Indonesia. The following are some strategies that we do to improve
the academic atmosphere.

e Encourage collaborative work

Collaborative work or peer learning is known to be good to enhance the student en-
gagement [19, 20]. In this semester, we encourage the students to perform collabora-
tive work. They can informally make a group and have discussion to find the solution
of the exercise. From our observation we can see that in every group there are always
one or two students who look smarter than the others. These students were not reluc-
tant to share their knowledge to the less-able students when they asked for help. The
students were not shy or afraid to ask questions anymore because now they could
asked the questions to their friends. No more reason for the less-able students to say
that they do not know how to solve the problem because they can discuss the solution
of the problem with their friends.

e Encourage a good student-teacher communication

A good communication between the student and the teacher is very crucial to make
the student become more open to the teacher. It is well known that Indonesian stu-
dents are very shy and very reluctant to ask to the teacher. From my own experience
as a student and from my observation as a teacher, this behavior was possibly formed
due to the traumatic experience of asking questions in class. It is common for Indone-
sian students or even teachers to give funny comments about the questions or about
the person that asks the question. Therefore, many students prefer not to raise ques-
tions to avoid the embarrassment.
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In order to achieve a good student-teacher communication, we try to get closer to
the students by going around the classroom at the exercise time. Therefore the stu-
dents do not need to be afraid to be mocked by their classmates because now they can
ask us personally and no need to say it loud in front of their classmates. In addition,
the other strategy that we did — that encourage the students to show their work to us —
align with this strategy. We performed a verbal and nonverbal immediacy when the
student showed his/her work to us. Verbal and nonverbal immediacy support a better
learning [21]. This strategy is proven can make a good student-teacher communica-
tion and can make the student become more open to the teacher.

3.3 The Teacher

Another factor that influence the student engagement is the teacher role in class.
Some approaches and strategies are applied in this semester to increase the student
engagement from this factor.

Be a Motivator, not Just a Provider. In many classes, it is very common to see
teachers spend all of their teaching time to deliver and explain the knowledge to the
students. This behavior come from the common thought that the teachers’ job is to
deliver knowledge to the student. Not many teachers realize that it is also their re-
sponsibility to motivate the students and arouse the students’ interests.

With the current advance of the searching engine, explaining the full features of a
topic are not critical anymore. The teacher can just explain the most common and
important part of the knowledge and ask the students to explore deeper by searching
from the internet search engine. By this approach the teachers can have some spare
time that can be used to motivate the students or to arouse the students’ interest. This
is especially needed for students with a weak background in the subject [22]. A moti-
vated student would willing to enrich themselves with a deeper knowledge.

Give Feedback, not Only Judgment. Assessment can be classified into two catego-
ries: formative and summative. The formative assessment is used to gather informa-
tion for the specific purpose of improving learning (for learning), while the summa-
tive assessment is used to gather information for the purpose of recording and report-
ing (of learning) [23, 24]. In formative assessment we can get the feedback of the
current teaching and learning condition and use the feedback to improve them. On the
other hand, the summative intention is solely to form a judgment [25].

There are six assessments that are performed for the students in Alpro. These as-
sessment are administered in Week 4, 6, 8, 12, 14, and 17. In the University of Sura-
baya, the teaching and exam weeks have a pattern of 7, 2, 7, 2. The first seven weeks
are used as the teaching weeks and the next two weeks are used as the exam weeks.
This pattern is repeated again after the exam weeks. The teacher can perform any
assessment in the teaching weeks but cannot perform a lecture in the exam weeks.

Although all assessment marks contribute to the students final grades, five of them
actually can be considered as formative assessments. This is because the result of the
assessments can be used to give feedback to the teacher and the student about the
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current condition of the teaching and learning. The sixth test is performed in the
second exam week and is used solely to measure or judge the student performance.

The number of students in each Alpro class is around 40 to 50. If for example the
total number of students in a particular semester is 300 then there will be 6 classes
open for Alpro. The number of teacher is usually set to be the same as the number of
classes.

In order to avoid the marking variant between teachers we usually assign one
teacher to mark only one questions in a particular assessment but he/she should mark
the work of the students in all classes. If the number of students is 300 for example,
then one teacher will mark 300 students’ works. Checking the works of 300 students
in a short time is challenging and need a big commitment to finish it before the next
test. Returning the students’ work at or after the next test will make the formative
assessment lose its essence as a feedback instrument. Unfortunately, in the previous
semesters due to the tight schedule of the assessments, teachers often return the as-
sessment result at or after the next assessment.

In this semester, we make a commitment to return the assessment result at most
one week after the assessment. With this commitment, the formative assessments can
now be used to give a real feedback to the teacher and the student about their perfor-
mance. As described by [26], an assessment can become catalyst to the student per-
formance, the validity of the program, and the validity of the student performance. A
late returned assessment can only benefit in the validity of the student performance.

3.4 The Students

One last factor in our consideration to improve the students’ engagement is the stu-
dents themselves. Some approaches and strategies that are applied in this semester
from the students’ factors point of view are described below.

e Increase the student self-efficacy

Many ordinary students lack of belief that they can solve the given problem with their
current capability (lack of self-efficacy). Self-efficacy itself is defined as beliefs that
build a person’s motivation and confidence in achieving a desired outcome [27, 28].
Without self-efficacy the students will give up too early and not use their best efforts
to find the solution of the problems.

There are several strategies that we perform to increase the student self-efficacy.
As described by [17], the students will have a high self-efficacy if the students can
solve difficult problem or do not spend too much effort to solve a problem. On the
contrary, the students that solve an easy problem or spend too much effort to solve a
problem will have a low self-efficacy. Therefore our strategy to increase the students’
self-efficacy is wrapping some easy problems with applied cases to make them appear
like advance problems. As an example, the problem of finding a factorial number is
wrapped in an applied case such as finding the number of possible combination to
pair man and woman in a matchmaking company. This wrapper will make the origi-
nal problem of finding a factorial number looks more advance. However, finding the
solution for this problem is not hard.
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In another strategy to increase the student self-efficacy, we create an exercise
where its solution is similar to the example given. However we wrap this exercise in
different case study to make it looks different from the case study in the example. As
a beginner programmer, the students usually do not realize that the solution for the
exercise is actually very similar to the one in the example. We expect the student to
consider the difficulty of the exercise is at medium level (not at easy level) and we
also expect the students can solve the problem without too much effort.

e Provide help as needed

Helping students in a medium or a big size class can be problematic. On one hand we
want the students to ask question if they have problem, but on the other hand we
know that we will not be able to answer many of the students’ questions if many of
them raise questions at the same time. The inability to answer the students’ question
may frustrate the students and demotivate them to learn.

The strategy to overcome this problem is related to the strategy in section 3.2. In
that strategy we encourage the student to perform collaboration learning so they can
help each other. With this collaborative learning the students only ask questions to the
teacher when all students in the group do not know the answer. An effective collabor-
ative learning, helps reducing the number of questions significantly.

Although the collaborative learning can reduce the number of questions, it is poss-
ible that there are still many questions raised to the teacher at the same time. In the
programming class, the condition can be worse. The correct program for a given exer-
cise can vary from student to student. A good teacher should be able to see the student
intention in his/her program and give help according to the current student program.
The process to understand the student program itself can take a considerable time
before another time is needed to think how to align the student intention with the
correct solution and explain the solution to the student. Only experience teacher in
programming that can performed these process quickly. Based on this need, our strat-
egy to provide help to as many students as possible is by assigning a senior and expe-
rience teacher in programming [5].

4 Evaluation

The approaches and strategies described in here are already applied to the Alpro class
in Semester I 2014/2015. As a result, the student engagement in class is improved a
lot. The students become active in every activity given and the academic atmosphere
in class is very positive.

The data in table 1 shows the percentage of students that failed Alpro in Semester I
2012/2013 and Semester I 2013/2014. Based on the students’ whole marks (marks in
mid and final semester), 45% students failed to pass Alpro in year 2012/2013 and 44%
in 2013/2014. This percentage is similar to the percentage of the students who failed to
pass Alpro if we used their mid semester marks only to judge their grade (41% and
40%). The actual number of students that failed to pass Alpro is 4% worse than the
number of students that failed to pass Alpro based on their mid semester marks only.
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Table 1. The comparison of the student failure and the student mid semester marks

Student failure Average marks
Number of | based on the based .on based on
. based on the the mid
students mid seme- the whole
whole marks semester
ster marks marks
marks
2012/2013 193 41% 45% 59.62 54.29
2013/2014 245 40% 44% 61.06 57.34
2014/2015 255 12% - 75.29 -

Therefore based on the students’ marks in the mid semester, we can estimate and
project the percentage of the students that will actually failed to pass Alpro in the end
semester. When this paper is written, the students are still in the end of the teaching
week and have not completed their final exam. Therefore we cannot get their whole
marks yet. Because of this we will compare the student performance across academic
years by using the mid semester marks to calculate the students’ grade.

Based on the data in table 1, we can see that the students’ failure in Semester I
2014/2015 decreases significantly to the students’ failure in the previous academic
years. If the pattern of the students’ failure in academic year 2014/2015 is the same as
the one in the two previous years, then only 16% (12% + 4%) of the students will fail
in the end of semester I 2014/2015. It means that the number of students’ failure in
this semester decreases 28% to the students’ failure in the previous semesters.

The average of the students’ performance based on their mid semester marks also
increase significantly. The students’ average marks in year 2012/2013 and 2013/2014
are 59.62 and 61.06. In year 2014/2015 the average marks increase to 75.29. If we
convert this values to grades then the students’ average marks have increased from
BC to AB. Therefore the students’ performance is projected to increase two grade
level higher (the grades in the University of Surabaya are: A, AB, B, BC, C, D, and E)

5 Conclusion

Improving the student engagement is proven can increase the student performance.
However improving the student engagement can be different from case to case and
must be elaborated into practical approach and strategies. These approach and strate-
gies must be aligned with the teaching pedagogies, the type of the course, the educa-
tion culture, and the student background.

This research shows that a holistic approach and strategies to improve the student en-
gagement work well in an introduction to programming course named Alpro, in Infor-
matics Department of the University of Surabaya, in Semester I 2014/2015. As a result
of applying the approaches and strategies described in here, the students are willing to
participate in the class activity and some of them are even keen to complete their work
even though the class is over already. This students’ engagement are proven can in-
crease the student performance. Based on the mid semester marks, the students’ failure
in the end of semester is projected to decline to 16% (12% + 4%). This projected
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students’ failure is 28% smaller than the students’ failure in the two previous academic
years. The average students’ performance based on their mid semester marks also shows
an improvement. The students’ performance in Semester I 2014/2015 is projected to
increase to two grade level higher than the ones in the previous two academic years.
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Preface

This proceedings volume contains papers presented at the fourth International Con-
ference on Soft Computing, Intelligent System and Information Technology (the 4th
ICSIIT) held in Bali, Indonesia, during March 11-14, 2015. The main theme of this in-
ternational conference is “Intelligence in the Era of Big Data,” and it was organized and
hosted by Informatics Engineering Department, Petra Christian University, Surabaya,
Indonesia.

The Program Committee received 92 submissions for the conference from across
Indonesia and around the world. After peer-review process by at least two reviewers
per paper, 53 papers were accepted and included in the proceedings. The papers were
divided into 14 groups: fuzzy logic and control system, genetic algorithm and heuris-
tic approaches, artificial intelligence and machine learning, similarity-based models,
classification and clustering techniques, intelligent data processing, feature extraction,
image recognition, visualization technique, intelligent network, cloud and parallel com-
puting, strategic planning, intelligent applications, and intelligent systems for enterprise
government and society.

We would like to thank all Program Committee members for their effort in providing
high-quality reviews in a timely manner. We thank all the authors of submitted papers
and the authors of selected papers for their collaboration in preparation of the final copy.

Compared to the previous ICSIIT conferences, the number of participants at the 4th
ICSIIT 2015 is not only higher, but also the research papers presented at the conference
are improved both in quantity and quality. On behalf of the Organizing Committee, once
again, we would like to thank all the participants of this conference, who contributed
enormously to the success of the conference.

We hope all of you enjoy reading this volume and that you will find it inspiring and
stimulating for your research and future work.

February 2015 Rolly Intan
Chi-Hung Chi

Henry N. Palit

Leo W. Santoso
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