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A Study of Difficulties of Students in Learning Programming

Noman Islam ∗ Ghazala Shafi Sheikh † Ridah Fatima ‡ Farrukh Alvi §

Abstract: Programming has been a challenging subject for computer science students. A programmer
must have strong analytical and reasoning skills to program effectively. In order to inculcate such skills,
instructor must prepare their lectures accordingly and employ several novel techniques to develop analytical
and problem solving skills into the students. Despite the strong need, there have not been any studies to iden-
tify the major challenges faced by programming students. Such a study can help instructor in development of
appropriate materials and planning of lectures accordingly. To fulfill this gap, this work performs a survey of
57 students who just completed their first programming course. Students were asked to fill a questionnaire.
The questionnaire was analyzed further to determine what are the most challenging concepts for students to
learn and when do the students feel most comfortable learning. The correlations among students response
were determined and k-mode clustering was also performed. Based on analysis, several recommendations
were drawn. These recommendations can help instructor to develop their learning material. The paper con-
cludes that flipped/ inverted class room model is the most appropriate model for teaching programming course.

Keywords: Programming issues, flipped class room, teaching, algorithm, pointers, debugging.

Introduction

The past few years have witnessed tremendous demands for computing expertise (Pirani
& Hussain, 2019). These demands are primarily due to the advancements in comput-
ing technology and the tremendous impact of computing on the economy and GDP of
the country. Despite these demands, the universities in computer science departments
have seen decline in enrollments and high dropout rate in their programs (S. I. Malik &
Coldwell-Neilson, 2017). These high dropout rates are as high as 30-40% and are associ-
ated with high failure rate in programming and apathy of students towards programming
(Koulouri, Lauria, & Macredie, 2015). This is also reflected in the feedback obtained from
industry professionals reflecting that most of the graduates show substandard perfor-
mance in elementary programming tasks.

Programming is the core of computer science education and it develops the ability in
the students to solve problems and polish their analytical capabilities. An introductory
programming course lays the foundation for subsequent courses in the degree program.
Realizing the challenges, most of the educational institutes are revising the contents of
their introductory programming course (Koulouri et al., 2015). It is also essential to think
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about the first programming language that should be taught to students (Sheikh & Islam,
2016). Different choices such as C/ C++, C#, Java and Python are available.

Despite the challenging nature of programming course, there is lack of studies to an-
alyze what are the actual challenges that students faces while studying programming
course. To be precise, what concepts are the most difficult for students to grasp, and what
are the strategies that help students in easily learn programming. To fulfill this gap, this
paper performs a study of major programming issues. A survey was conducted in which
participants were the students who just completed their first programming course. The
objective of the study is to analyze what are the major issues faced by students. Based on
this study, instructor can equip themselves, better plan their lectures and perform focused
group studies to rectify most of the deficiencies of the students.

Rest of the sections of this paper are organized as follows. The next section presents
literature review. This is followed by the details of proposed study. The results are pre-
sented afterwards and recommendations were drawn. The paper concludes with sum-
mary of the work presented and future work.

Literature Review

There has been only a small number of works reported on specifically analyzing the pro-
gramming issues faced by students studying their first programming course. Milne et al.
(Milne & Rowe, 2002) conducted a survey of major concepts that are difficult for students
to learn in the course of object oriented programming. They concluded that pointers and
related concepts are very difficult to understand. Lahtinen et al. (Lahtinen, Ala-Mutka, &
Järvinen, 2005) gathered opinion from students and tutors for the challenges that students
face in learning programming. In (S. I. Malik & Coldwell-Neilson, 2017), a survey was
conducted to explore the learning difficulties that students face while studying program-
ming. The perception of students and teachers both were analyzed and an ADRI based
approach is proposed to address those difficulties. A survey on misconceptions and stu-
dents’ difficulties in learning programming has been explored in (Qian & Lehman, 2017).
The authors also attempt to identify the factors contributing to these difficulties.

A study of teaching low level programming to masters students for computer simu-
lation has been presented in (Zakharova & Zakharov, 2018). According to the authors,
teaching low level programming requires solid foundations of data flow management,
synchronization, load balancing and fault tolerance. To inculcate the skills in students,
special project tasks were developed and computational experiments were performed.

Teaching programming using games have been discussed in (Arawjo, Wang, Myers,
Andersen, & Guimbretière, 2017). In some of the studies, flipped classroom settings have
been explored for teaching programming (Çakıroğlu & Öztürk, 2017). Another study on
identifying difficulty patterns in learning programming has been carried out in (Bosse &
Gerosa, 2017). A quantitative evaluation of different approaches to teaching program-
ming has been presented in (Koulouri et al., 2015). A triangulation study was performed
in (Kalelioğlu, 2015) to analyze the gender difference in problem solving skills of students.
N. Malik and Saad (2018) explored the social and emotional problems of undergraduate
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students of Pakistan.

Methodology

Figure 1 shows the proposed methodology. To analyze the major issues faced by pro-
gramming students, a survey was conducted for the students who just completed their
programming course. The total number of participants was 57. The objective of the sur-
vey was to analyze what concepts are difficult for students and when does the student feel
most comfortable in learning? For conducting survey, survey monkey , Iqra university’s
virtual learning environment (VLE) and manual approach were used. Once the responses
were gathered, they were analyzed further in Python. The descriptive statistics, associa-
tion rules mining and k-mode clustering approaches were used.

Figure 1
Proposed methodology

Figure 2 shows the questionnaire students were asked to fill. The responses of the stu-
dents were analyzed further using various machine learning techniques. Machine learn-
ing is defined as explicitly learning a model from examples to predict outcome of unseen
data (Lison, 2015). Machine learning can be divided into supervised and unsupervised
learning. Supervised learning learns from labeled data where as unsupervised learning is
learning from unlabelled data and is used for better understanding or analysis of data.

In this paper, first data analysis was performed using pandas library (McKinney,
2015). Then, associations among students were found out. For this purpose, Apriori
algorithm was used (Yuan, 2017). Association rules mining attempts to discover hidden
rules in data. If a certain number of transactions (students’ response) show a pattern,
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then association rules mining can be used to uncover such patterns. Finally, students’ re-
sponses were clustered. K-mode clustering was applied (Goyal & Aggarwal, 2017) using
the library ”k-modes”. Clustering is defined as the process of grouping similar data based
on features (based on students’ responses).

Figure 2
Questionnaires filled by students, analyzed further using various statistical and machine
learning techniques

Results

The responses gathered from students were analyzed further and results are shown in
Figure 3. Figure 3a shows the challenges that students faced most while programming.
Compared to the specific concepts of programming, it was found students feel that they
had issues primarily in understanding syntax, debugging and writing algorithms.
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Figure 3b shows specifically which programming concept is the most difficult to learn
for students. Pointers and filing are the concepts that were found to be most difficult
concepts for students to learn. The questionnaire also asks when the students feel most
comfortable learning the concepts. The students generally learn a lot while they are do-
ing programming exercises. Finally, it was asked to the students what kind of materials
helped them most in learning? The students response show that they learn when they are
doing programming exercises or through YouTube videos.

Figure 3
Analysis of students’ responses to various questions of survey

a. Challenges students generally face while programming

b. Which programming concept is the most difficult to learn?
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c. When students learn most about programming?

d. What kind of material helped most in learning programming?

To analyze the students’ response further, a correlation analysis was performed. In
particular, association rules mining were applied to the responses. Figure 4 shows some
of the rules identified using association rules mining.

It was found that students having issues in understanding filing, pointers, under-
standing syntax or debugging say that they learn a lot in exercise session or the exercises
material helped them a lot in understanding the concepts. It was also found that students
with problems in writing algorithms also have issues with filing, and theses students learn
a lot from YouTube videos.
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Figure 4
Results of applying association rules mining to students’ response

To analyze further the responses, clustering was applied to students’ response to see
what are the major categories of respondents? Since the data is categorical, k-mode clus-
tering was identified for clustering. Figure 5 shows the result of applying k-mode clus-
tering. There were three types of students in the class, depending upon their previous
experience of programming or the types of issues they face while programming. It was
found that students with no programming experience had issues in writing algorithms
and understanding syntax. Even students with some programming experience face dif-
ficulty in implementing the pointers. Irrespective of experience, all the students enjoy
learning from exercises and YouTube videos.

Figure 5
Results of applying k-mode clustering
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Discussions and Recommendations

It was identified writing algorithms is the most difficult challenge for students even more
challenging than pointers. The other concepts that students face difficulty in learning are
pointers, debugging and filing. Students find it convenient to study alone using YouTube
videos. Most of the students learn during programming exercises. Also, people with even
some programming experience face difficulty in pointers and debugging code.

This work is part of an ongoing study. It is concluded from this study that students
prefer to watch videos and learn from programming exercises. Hence, flipped class room
model is ideal for students to learn programming. As the next step, an experiment is be-
ing conducted with a batch of programming students with flipped class room model. In
addition, a self access learning center (SALC) has been established, whose effectiveness
can be analyzed further in future studies. One can also analyze the results with large sam-
ple of students to scrutinize the findings of this study. The analysis of the answer scripts
of students’ exam can also be performed to find correlation between their responses and
the challenges they faced when attempting the real exam. In addition, other program-
ming courses such as object oriented programming and data structures can be analyzed
to identify the challenges that students face while learning these courses.

Conclusion

In this work, a study of major programming issues (faced by students) was performed.
The objective was to identify what major issues student face while programming and
how can an instructor tailor their lectures or the approach towards teaching to benefit
students. It was found out that flipped class room teaching is the ideal model for teaching
programming courses. The paper can be extended further to analyze the effectiveness of
flipped model for teaching programming course.
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