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Notably, many students entering the University of Tripoli fail or drop out of the introductory
programming course. Freshmen face various difficulties in introductory computer
programming courses. Some common challenges they face include problem-solving,
learning syntax, and editing and writing the code. In this study, 224 students in the computer
science department at the Faculty of Science were enrolled in an introductory Python
programming course. The study aims to identify and understand the challenges freshmen
face in an introductory computer programming course. Furthermore, we explored the types
of materials students prefer in an introductory computer programming course. We also
explored the impact of the preferred material on understanding the programming concepts.

The statistical analysis of the data gathered from students identifies and ranks the main
difficulties they face. We found that understanding the problem in the programming
assignment was the major difficulty students faced. We further explored the relationship
between the difficulties the students face, and the materials used to study the programming
course. The results also support our hypotheses of correlations between student difficulty
and private courses provided outside the university. The results show no relationship
between student difficulty learning and private courses provided outside the university.
Finally, we concluded with recommendations on improving the material contents and
adapting the study material that students prefer in teaching introductory computer
programming courses.

Keywords: Introductory Programming; Learning Difficulties; Freshmen Students;
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1. Introduction

Clearly, many students have failed or dropped out of the
Introduction to Programming course in recent years.
This could be a result of many factors, such as the
difficulties with the topics of programming languages,
e.g., control statements and variable types [1], [2], and
the lack of skills in developing the materials, e.g.,
lecture notes, and assignments, that the students need to
study the course. As a result, students face different
challenges when learning programming. The course
materials and content must be adjusted to address these
challenges that impact the student’s success. To the best
of our knowledge, these problems have not been
addressed at the university.

This study identifies factors that affect students’ success
in the Introduction to Programming course. The aim of
the study is to answer the following research questions:
Q1: What are the main difficulties faced by the
students when learning an Introduction to
Programming Course?

Q2: What are the topics the students have the most
difficulty understanding?

Q3: What type of material helped you understand
the issues in programming?

To answer the research questions, a survey is prepared.
The survey focuses on identifying the difficulty level of
each activity in the programming learning process, the
topics and their difficulty levels, the students' preferred
learning methods, and the materials used in an
introductory programming course.

The survey data are analysed to answer the research
question. The study's results make recommendations for
teaching Introduction to Computer Programming
courses. These recommendations can improve the
course material for introductory programming courses.

In the next section, we provide a brief overview of
related research trends in the field. The methodology

used and the survey are explored in detail in the
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following section. Next, a detailed analysis of the data
collected is presented. We conclude with the results and

recommend future work in the final section.

2. Similar works

During the first semester at the university, every
computer science freshman takes a foundational
programming course [3], [4]. Several studies [5], [1],
[6] found that learning and teaching programming are
difficult tasks that require a lot of enthusiasm, focus,
and dedication from everyone involved. Due to the
high failure and dropout rates in introductory
programming courses [7], [8], studies focus on
investigating, identifying, and analysing the different
challenges that students have when attempting to
study introductory programming courses [1], [3], [5]
[6], [9], [10].

Several Studies have identified common causes of
difficulties, such as a lack of students’ skills, students'
poor ability to solve problems, a failure to
comprehend the ideas, a lack of understanding of
inappropriate learning environments,
misinterpretation of complex elements, difficulty
writing algorithms and designing solutions and
difficulty debugging programs, etc. [1], [6], [7], [10],
[11] and [12].

According to the findings of Majalin et al. [9] on
Difficulties in Learning Java Programming for
Secondary School, students had trouble with a range
of programming subtopics, from simple to
complicated concepts. A few difficulty patterns have
already been identified in [2]. Some of these are the
challenge of working with functions, the scope of
variables and the logic behind passing and returning
parameters.

Qian & Lehman [13], conducted a survey to

investigate misconceptions and students' challenges



when learning programming, and they found students
have difficulties in syntactic, conceptual, and strategic
knowledge. Program control concepts such as
selection and iteration structures have been shown to
be among the hardest for beginners to understand,
according to [12].

Regarding the materials students use in introductory
programming courses, choosing the right materials
can significantly impact learning to program [14].
However, another study shows that students prefer
learning in a classroom setting with lectures [9]. Most
undergraduates agreed that they can learn
programming more effectively in practical or

laboratory sessions [1], [11] and [14].

Research on the challenges students face when
learning programming is ongoing, with the goal of
assessing the environment, materials, and available
resources to develop a suitable learning paradigm.
Several studies have suggested assessment tools for
use in the teaching and learning process to alleviate
the challenges students have when learning the basics

of programming [1], [5], [11], [14] and [15].

3. Methodology and Survey

All freshmen students at the Faculty of Science must
study the Introduction to Computer Programming
course (CS100). The course objective is to teach
students how to understand and solve problems using
a programming language [6]. The programming
language used in the course is Python, chosen for its
simplicity, which makes it ideal not only for beginner
programming in the computer science major but also

for other majors [1], [2].

To collect information on students' difficulties
learning their first programming language and the
factors that affect these difficulties, a survey was
distributed to freshmen at the Faculty of Science. The

survey was distributed on paper to students during the
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course final exam, and they answered the questions
anonymously. Then, they left the survey answers on a

table at the exit of the exam room.

3.1 Survey Content

The survey is structured in four parts. The first step is
to identify the participants' gender and age. The three
consecutive parts, each corresponding to a different

research question, are as follows:

Ql1- What are the main difficulties faced by the
students when learning an Introduction to

Programming Course?

The research question aims to understand the
difficulty level of each programming learning activity.
The activities follow the course structure and
represent the steps to learning any introductory
programming course [16], the activities include: (a)
Understand the problem of the programming
assignment; (b) Conceiving the solution idea; (c)
Designing a flowchart or writing pseudocode for the
solution; (d) Use the syntax of the programming
language; (e) Writing and running the program; (f)
Tracing the code and finding the values of the
variables and the outputs of the program; (g) Use of
the Integrated Development Environment (IDE).

Each activity is rated by the student on a scale from 1
to 5, with 5 Extremely difficult and 1 Extremely easy.
The students are instructed to answer the survey using
the scale as follows: Scale 1-Extremely Easy: The
student did not face any problem in understanding and
using this activity or topic; Scale 2-Easy: Some
problems have been faced by the student in
understanding and using the topic, however, little
effort was needed to overcome these difficulties; Scale
3-Moderate: The difficulty faced by the student was
solved by the student, using the available material and

other means, however, without seeking help from



others; Scale 4- Difficult: The student could not
understand and use the topic by themselves and
needed assistance from the teacher or other students;
Scale 5-Extremely Difficult: Despite effort by the
student to seek help to understand the topic the student
continues to not understand the topic and how to use

it.

Q2- What are the topics the students have the most
difficulty understanding?

Here, the question addresses topics related to a
programming language. The objective is to identify
which programming language constructs students
have more difficulty understanding. The student needs
to rate, using the same scale in the previous question,
the following topics: (a) flowcharts; (b) pseudocode;
(c) Variables, types, and scope; (d) Assignment
statements, expressions, and order of operands; (e)
Conditional Statements; (f) Loops; (g) Lists or Arrays;

(h) Function definition and function call.

03- What type of material helped you understand the

issues in programming?

We explored 8 types of material used by students in
the course. The selection of these materials was based
on instructors' experience teaching the course,
discussions with students, and the materials prepared
and made available to students by the university. For
each of these types of materials, Students are given the
option to select either: Not used, if they did not use the
material while learning the course; Not Helpful, if
they did use the material but found it not to be useful
in understanding the course; Helpful, if the students
used the material and found it to be useful in
understanding the course; Extremely Helpful, case the
material was the most effective in understanding the
course. The material rated by students are: (a) Lecture

Notes; (b) Books and other printed material; (c)
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Examples and assignment solutions; (d) Audio and
Video provided by the university; (¢) YouTube and
third-party video material; (f) Attending the lectures
in class and asking questions; (g) Private
programming courses outside the university; (h)

Programming courses online.

3.2 Dataset of Students

A total of 224 students answered the survey correctly.
The gender distribution is shown in Figure 1, 105
Male students have taken the survey against 119
Female students. This shows almost even gender

distribution of the participants.

Students by Geneder

1 Male = Female

Figure 1 Gender distribution

Furthermore, the age of first-year students is expected
to range from 18 to 20 years. We observe from Figure
2, that 62% (138 Students) fall within this range
among freshmen. Whereas 35% (78 Students) are in
the age range of 21 to 23.

In the next section, the data is analysed to answer the
survey questions stated in the previous section. We
conduct several analyses and further explore these
questions to better understand the difficulties students

face.



Lessthan 18 1Bt Ut D3 24 or older

Figure 2 Student distribution by age and gender

4. Results

The survey data are analysed quantitatively to identify
the difficulties students face. We further cross-
reference these difficulty levels with students'

preferred study materials to assess how the chosen

solution idea (D2), designing a flowchart or
pseudocode (D3), using the syntax of Python (D4),
writing and running the program(DS5), tracing the
program and finding the values of variables (D6) and
environment

using the

(IDE)(D7).

integrated development

Table 1 shows the median, mean, and standard

deviation of the students' main difficulty in learning
programming. From the data shown in Table 1, we
observe that understanding the problem of the
(DD,

programming assignment the

idea (D2),

conceiving

solution and using the integrated
development environment (IDE)(D7) are the main
difficulties that the student faced during learning
programming, with mean values above 3.0. We also
observe that the D2 has a standard deviation of 0.79,

indicating that students agreed this topic is the most

material affects learning a new programming difficult. However, designing a flowchart or
language.
Table 1 Analysis of the difficulty in understanding programming language course contents
Statistical Results D1 D2 D3 D4 D5 D6 D7
Median 3 3 3 3 3 3 3
Mean 3.06 | 3.09 255 288 286 287  3.05
Standard Deviation | 0.82 | 0.79 | 0.98 | 1.00 @ 0.91 | 0.90 | 1.04

4.1 Analysis of the main difficulties faced by the
students when learning an Introduction to

Programming Course.

In this section of the survey, the students answered the
difficulties they faced in understanding the problem of

the programming assignment (D1), conceiving the

pseudocode (D3) is the least difficult activity students

face (mean = 2.55, standard deviation = 0.98).

4.2 Analysis of difficulty in understanding

programming language course contents

In the previous section, we demonstrated the students'

difficulties in understanding, learning, and applying

Table 2 Analysis of difficulty in understanding programming language course contents

Statistical
Results T T2 T3 T4 T5 T6 T7 T8
Median 2 2 3 3 3 3 3 4
Mean 230 | 2.31 2.59 2.84 2.74 294 | 3.18 3.53
Standard
Deviation | 094  0.98 0.88 0.92 0.90 0.95 0.92 1.01
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the skills and activities needed to learn a programming
language. In this section, we explore various
programming language topics and examine students'
difficulties with each.

As we mentioned earlier, the first-year students learn
in the introductory programming course the following
topics: how to design Flowcharts (T1), Pseudocode
(T2), understand variables, variable types, and
variable scope (T3), assignment statements,
mathematical and logical expressions, and order of
operands in an expression (T4), conditional statements
(TS), loops (T6), lists (T7), function definition and
function call (T8).

Table 2 shows the results of the statistical analysis of

data on students' difficulties with programming

140

120

110

100

Number of Students

M1

H Not used Not helpful

Figure 3 Analysis of the material used by students.

content. The function definition and function call
topic (T8) is the most difficult among the topics, with
amean of 3.53 and a standard deviation of 1.01. Most
students find the remaining contents (T1 to T7)
moderately difficult. We can also observe that the
standard deviation of all topics is approximately the
same. This indicates that students' perceptions of the

difficulty of programming topics are similar, with a
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slight increase for the most difficult topic, Function

definition and function calling (T8).

4.3 What type of material helped the students

understand the topics in programming?

In this section, we explore the material students use to
study for the programming course and its
effectiveness from the students' perspective. We
explored 8 types of material used by students in the
course. Lecture Notes (M1), Books and other printed
material (M2), Examples and assignment solutions
(M3), Audio and Video provided by the university
(M4), YouTube and third-party video material

(M5), Attending the lectures in class and asking

M

H Helpful m Extreamly Helpful

questions (M6), Private programming courses outside
the university (M7), and Programming courses online
(MB).

Figure 3 presents the statistical results on the types
of materials students used. From Figure 3, 166
students found examples and assignment solutions
(M3) to be either helpful (127) or extremely helpful

(39), making this method the most used and most



helpful. However, 34 students did not use the
examples and assignment solutions. An alarming
result is that, for Lecture Notes (M 1), 68 students rated
it as used and found it not helpful, making this method
the least helpful among the studied methods. This

result is a call to revise the teachers' lecture notes.

4.4 Correlations

This section explains how correlations can help us
better understand survey results. Correlation
compares and shows the strength of the relationship

between two or more survey questions.

160
140 134

120
100

20 15
o |

(1,2] (2,3] (3, 4] (4,5]

3

Figure 4 Student Difficulty Level distribution

Moreover, we calculate the mean for each student's
answers to research question Q1. The mean value
indicates the student's difficulty level with the topics
addressed in Q1. As illustrated in Figure 4, 15 students

have a difficulty level ranging from 1 to 2 inclusive;

extremely easy, and they represent 6.6% of the total
students. Most students (134 Students) have difficulty
level 2 or higher; these students find most topics
moderate to easy, representing 59.8% of students.
Meanwhile, 73 Students have a difficulty level higher
than 3 but lower than or equal to 4; they represent
32.5% of the total students. This group finds the
difficulty of learning programming to be moderate to
difficult. The last group, representing 1.1% of total
students, finds that learning a programming language
is extremely difficult, with their difficulty level

ranging from 4 to 5.

Table 3 shows the correlations between students'
difficulty levels and the types of materials that helped
them understand the programming topics during the
course. The students who used examples and
assignments (M3) had less difficulty learning
programming. This is reflected in the negative
correlation between (M3) using examples and
assignment solutions and the student difficulty level (r

=.0.2).

In addition, there is no correlation between the
student's difficulty level and attending private courses

outside the university (M7) (r=0.01), which comes as

Table 3 Correlation between different study materials and student difficulty

Student
ML M2 M3 P14 M5 MG M ME  Difficulty
ML 1,00
M2 0.23 1.00
M3 0.27 0.33 1.00
M1 0.30 0.16 0.37 1.00
M5 0.10 0.15 0.27 0.26 1.00
M6 0.45 0.23 0.31 0.27 0.27 1.00
nTF 0.04 0.13 0.16 0.24 0.25 0.14 1.00
ME 0.07 0.10 0.10 0.15 041 0.0 0.39 1.00

Student

Difficulty -0.17 -0.05 -0.20  -0.12

-0.18 -0.16 0.01 -0.17 1.00

these students find most of the topics easy or
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a surprise because there is a belief that students prefer
to attend private courses outside the university.

An interesting correlation arises from the Table 3
We notice that students who prefer lecture notes (M1)
also prefer attending lectures and asking questions
(M6) (r=0.45). On the other hand, students who find
YouTube and third-party videos (MS5) helpful also
find online courses (M8) helpful (r = 0.41). This leads
us to conclude that students either attend the lectures
and rely mainly on the material offered in class or

prefer online material to attending the classes.

5. Conclusions and Recommendations

In this work, we conducted a study involving 224
students in the computer science department enrolled
in an introductory Python programming course. The
goal of the study is to identify the challenges students
face and explore the materials they use and prefer
while learning programming. The results provide
different challenges that the students face such as
understanding the problem, conceiving the solution
idea, and wusing the integrated development
environment. We also found that students do not
attend private courses outside the university. The most
preferred material that the students use is examples
and assignment solutions. However, the least helpful

method was the course's lecture notes.

Based on the results presented in this study, more
attention should be given to topics that students find
more challenging to understand. The course content
should emphasise how to divide the code into
functions and how to use them. This can be achieved
by introducing functions early in the course. In
addition, a complete revision of the course lecture
notes is recommended, considering content based on

examples and assignments.
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The research's main contribution is to improve the
quality of teaching and the content of introductory
programming courses. We suggest, as future work,
follow-up research to explore the effects of the
improvements outlined in this work on the difficulties
students face and the materials they prefer for

introductory programming courses.
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