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ABSTRACT 

There are many factors that influence the high rate of failure 

of students in computer programming courses. This paper 

focuses on the teaching methodologies and strategies that are 

implemented in teaching programming courses. This is a 

major factor for consideration; hence an investigation into the 

causes of failure of students in programming courses from the 

learner perspective with regard to the teaching methodology 

used by teachers to teach these courses is relevant. 

Programming courses form part of the core concentration 

areas for students especially studying Information Technology 

(IT) and Computer Science (CS) as an undergraduate degree 

program. Programming students are expected to demonstrate 

competencies in the principles of programming and logic that 

are being taught in the course; even though some of these 

concepts are highly abstract and complex.  

Their opinions to the usefulness of the teaching methods 

being implemented in programming courses were sought for. 

The needs and concerns about the teaching methods are 

highlighted in the survey and discussed thereby leading to the 

making of suggestions about the ways to improve the teaching 

methods that are used in computer programming courses in 

order to improve understanding of programming, when 

studied by students thereby minimizing failure rates. 
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1. INTRODUCTION 
Programming is an art and it requires the individuals’ ability 

to interpret challenges into solutions. Computer Science (CS) 

and Information Technology (IT) students are required to take 

several programming courses as structured in their four year 

program. In their early years of studies they are required to 

study programming. The art of programming includes 

knowledge of programming tools and languages, problem-

solving skills, and effective strategies for program design and 

implementation [1].  

 

Computer programming is part and parcel of the computer 

science and its related programmes in education. It is an 

essential skill that must be mastered by anyone interested in 

studying computer science. Normally, in teaching computer 

programming, students will first be introduced to the concept 

of programming and data structure where they are taught on 

how to analyze problems, use specific techniques to represent 

the problem solution and validate the solution [2]. Computer 

programming courses are a part of many universities’ 

curriculums and among the most important subjects for 

computer science students [3] as well as information 

technology students. 

In the case of Valley View University (VVU), programming 

using C++ is first taught at the first semester and 

programming using Java in the second semester of the first 

year. This paper studies the causes of student failure in 

programming courses of one hundred (100) students taking 

CS/IT undergraduate programmes at VVU, in the 2012-2013 

academic years. The aim of the study was to understand why 

so many fail this course, and do not pass on to the second 

semester or the second year to take other advance 

programming courses. First year IT/CS students face a wide 

variety of challenges. Not only must they contend with the 

pressures of commencing tertiary education, with all the 

issues associated with adjusting from high school to university 

study, they also are confronted with immersing themselves 

into a discipline in which they may not have had any prior 

formal education and for which they must essentially learn a 

new language, a programming language [4]. 

The level of confusion in the minds of these students is 

noticeable when some of the fundamental concepts are taught 

in class. High rate of failure in programming occurs during 

the early years of their studies and this has been the trend over 

the years and this make programming courses look difficult in 

VVU and other universities in Ghana. The challenging nature 

of the course boils down to the fact that a strong practical 

component is required for the working environment. 

Therefore, hands on experience are needed even if one 

chooses not build a total career out of it. To effectively 

communicate with the software development team, a fair 

understanding of programming is required.  

Computer programming is among the most challenging 

subjects in computer science curriculum, and the one that 

many students find difficult to grasp, hence it is very 

important to select an appropriate teaching strategy that will 

provide students with the most efficient learning environment 

[3]. Several research works has looked at the major causes of 

failure by students in programming. According to ([5], [6]) as 

cited by [3], researchers agree to the fact that learning to 

program presents a challenge for many students, and that 

many of them find programming concepts difficult to grasp. 

  

2. STATEMENT OF PROBLEM 
The goal in teaching computer programming is to develop in 

students the capabilities required of a professional software 

developer. Beginner programmers suffer from a wide range of 

difficulties [7]. Students’ difficulty in computer programming 
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is not unique to only Ghanaian students (i.e. specific to VVU 

IT/CS students only) but spans across most universities in 

Ghana and other parts of the world.  Research works 

conducted about failures in programming courses have most 

often focused on the inability or the weakness of the student 

to understand the concepts. Many of these students find 

programming to be difficult and disheartening especially 

when they are beginners and even when they take advanced 

programming courses. Since programming is the basic skill 

required of computer programmers, the negative impact of 

these basic introductory courses may have harmful 

consequences in the learners’ attitude towards the field [2]. 

Several problems identified by many authors ([2], [4]) are in 

the following categories: 

 Weaker student admitted to pursue CS/IT 

 Lack of problem-solving skills 

 Lack of analytical thinking skills 

 Lack of logical and reasoning skills 

 Lack of programming planning 

 Lack of programming conceptual understanding 

 Lack of algorithmic skills 

 The conceptual difficulty of various elements of the 

curriculum, 

 The level of feedback that is available to students 

with regard to various components of the 

programming task, 

 How patterns of study, namely low levels of face-

to-face contact experienced by independent learners, 

impact on the first two issues. 
Considering the challenge that computer programming 

represents to the students, we can assume that finding and 

implementing an appropriate teaching strategy will be one of 

the crucial factors in students’ success in mastering the course 

content [3]. The method and strategy adapted by teachers 

contribute to the failure rate of students in computer 

programming. Therefore, the problem that has not been 

critically looked at is the teaching methodology employed by 

teachers of computer programming courses offered at the 

undergraduate level. The style adopted in teaching can affect 

the learners’ performance. 

 

3. OBJECTIVES 
 

The main objective of this research is to investigate the 

teaching methods adopted by teachers of computer 

programming in Ghana. To assess the teaching 

methodologies, a survey was conducted to identify the best 

teaching practices that would enhance the teaching of 

programming courses and reduce the fear factor of students 

and also to improve the teaching environment in order to 

create a serene atmosphere for learning. The findings present 

the best teaching strategies and methodologies to improve the 

learning process of the students as the teacher adapts these 

strategies and methods. 

 

4. METHODOLOGY 

4.1 Participants 
The survey was done by collecting data from students taking 

programming courses with the use of questionnaires. This 

method helped in soliciting their views regarding the teaching 

methods and strategies teachers use in teaching programming 

and how they adapt to it. Three hundred and fifteen (315) 

students make up the population at the Institute of Computer 

Science of VVU. Out of the population of three hundred and 

fifteen (315) students, a sample size of one hundred (100) 

participants was selected to respond to the questions in order 

to test sample instead of the entire population. The researchers 

took into consideration students who have taken one 

programming course or the other. They were largely drawn 

from second, third and fourth year. Among them were 

students who had either failed the course and are repeating 

and those who have taken programming courses and have 

successfully passed. 25% were fourth year students, 44% 

comprised of third year students and the remaining 31% were 

in their second year.  

Data was also collected by interviewing three expert lecturers 

in computer science field with regards to the teaching 

methods and strategies they currently adapt in teaching 

programming students. A procedure to extract information on 

the subject matter was designed to serve as a guideline during 

the interview sessions. Participation was optional. The 

lecturers selected to participate in the interview process was 

selected based on the number of years of experience in 

teaching IT/CS programming courses and their academic 

background. They hold masters degree in Software 

Engineering, Computer Science and Computer Engineering. 

The first lecturer has ten (10) years of teaching experiencing 

in computer programming and the second and third has six (6) 

and seven (7) years of experience respectively. The lecturers 

teach various programming languages such as C++, Java, and 

C# and Lisp for developing artificial intelligence and expert 

system projects. The interview procedure was designed to 

elicit information with regards to the teaching method and 

strategy employed by these lecturers in teaching programming 

and to find out from these experts the best teaching methods 

and strategies that can be adapted to minimize the failure rate 

of programming students. 

 

4.2 Materials and Procedures  
A questionnaire was given to each of the participants at the 

various levels and the researchers explained to them the 

meaning of some of the methods and strategies since the 

participants were not familiar with all of them. The questions 

posed were, “Which of the following teaching methodologies 

are the most effective in teaching programming to increase 

knowledge acquisition and understanding?” Individuals were 

asked to rank eight (8) teaching methods in order of 

effectiveness. The other question was: “which of these 

teaching strategies are appropriate for teaching programming 

to improve the learner’s success rate and enhance the skill of 

learners?” Eight (8) teaching strategies were ranked by the 

individuals’ in order of appropriateness. The response was 

inputted into Statistical Package for Social Sciences (SPSS) to 

analyse the data. 

. 
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5. RESULTS/DISCUSSIONS 
The findings are discussed in this section based on the 

teaching methods and strategies identified. The methods and 

strategies are listed in table 1 and the discussions are based on 

these methods and strategies that when adapted will enhance 

the learning of programming and the success rate.  

The experts interviewed categorized the causes of failure into 

four main areas. These recommendations calls for much 

attention, hence different research has been conducted to 

obtain the best possible solutions for some of the problems. 

They identified problems by the experts are: 

1. Background, Field of Study and Teachers 

Methodology 

2.  Instructional materials, Teacher competence and 

interactivity 

3. Teaching methods 

4. Teaching strategies 

Based on the problems identified by the experts, this research 

focuses on the third and fourth problems. The first and second 

problems will be conducted as separate research in future by 

the researchers. 

. 

5.1 Experts view on Problem 3 
The experts believe that the reason why there is lack of skills 

on the part of students in solving and analyzing problems in 

programming is as a result of the poor teaching methodology 

adapted by programming lecturers. All the three lecturers 

interviewed agreed that the causes of failure in computer 

programming courses are highly due to the method adapted by 

teachers of programming. The techniques used by them in the 

problem representation are not effective. They said that 

teachers of programming do not employ multiple teaching 

methods in teaching programming courses. They said that 

most students lack the understanding of concepts in major 

topics in programming due to the style/method of teaching. 

Some teachers only adapt the lecturing method; others project 

approach, some tutorials, etc. The method either make the 

course easy to understand or difficult to understand. They 

believe that most teachers do not consider the background of 

the students into consideration when teaching programming. 

They also said that some teachers of programming teach only 

the theoretical aspect of programming neglecting the practical 

aspects that will provide the student the necessary skill. Two 

of the experts said that, they are unable to adapt the problem 

solving approach since the number of computers to student 

ratio do not measure up to the international standard of 

assigning computers to students. This does not expose the 

students enough to acquire the requisite skill to enhance their 

chances of success in programming. They also believed that, 

lack of programming projects affects the performance of the 

student.  

 

In solving this problem, the experts believe that teachers of 

programming must adapt more than one teaching method to 

improve their teaching in programming courses to increase the 

skill and thinking capacity of the student. 

 

5.2 Expert View on Problem 4 
Programming is made challenging if the teaching strategy 

adapted by lecturers’ is inappropriate and ineffective. Students 

find it difficult to understand programming concepts and 

coding principles (e.g. especially debugging) due to the type 

of teaching strategies lecturers use in teaching and thus 

contribute to the confusion students and become a possible 

cause of failure. They said that some of the lecturers adapts to 

explicit teaching, command style teaching, teaching by task 

and many more. One of the experts agreed that he initially 

adapted the explicit teaching strategy to teach his students 

programming. He aimed at teaching specific knowledge and 

skills and provided the necessary tools to assist the students in 

a particular study topic area to enable them understand the 

concepts. He agreed that the strategy is appropriate but does 

not provide the student the full understanding of the 

procedures and concepts.  

The other two experts largely adapted puzzle-based teaching. 

They aimed at teaching students critical thinking and problem 

solving techniques. They believed using this approach equips 

learners with the ability to think through the syntaxes in both 

procedural and object oriented programming languages and 

they are able to apply these techniques in solving problems. 

In solving this problem, all the three experts invariably agreed 

to the fact that the teaching strategy adapted by computer 

programming teachers should be multifaceted. Adapting 

multiple teaching methods enhances the success rate of the 

students and builds their confidence and skills. Though the 

experts agreed to the fact that sending programming students 

on field trips was a good approach to expose students to 

expand their horizon in programming, none of them employed 

this method in teaching programming. In order to assist the 

learners improve and strengthen their problem solving skills 

and sharpen their knowledge on the syntax of the languages 

taught, teachers must adapt methods, techniques and strategies 

that will be applicable in teaching the paradigms and the 

content. 

 

5.3 Discussions of Methods and Strategies 
For the purposes of improving the performance of learners in 

programming courses, a list of teaching methods and 

strategies teachers use were rated by students who have taken 

one or more programming courses at school. To improve on 

the success rate of the learner, sixteen (16) factors comprising 

of teaching methods and strategies was listed for the learners 

to rank in order of effectiveness and appropriateness. Table 1 

shows the methods and strategies listed for ranking by 

learners.   

Table 1: Teaching methods and strategies 

Methods Strategies 

Lectures Explicit teaching 

Laboratory practice Command style teaching 

Projects Teaching by task 

e-learning Problem solving teaching 

Seminars and tutorials Pre-recorded lectures 

Field trips Puzzled-based learning 

Continuous assessment and 

examinations 

Pair/group programming 

Problem based teaching Peer tutoring 
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5.4 Findings on teaching methods 
Among the teaching methods listed in table 1, it could be 

realized that the learners rated the most effective methods 

which when adapted will enable them improve on their skills 

as compared to the least effective methods. From the 

responses provided by the respondents, we subdivided the 

level of effectiveness into two (most effective – slightly 

effective is considered as one subdivision and generally 

effective – not effective as the other subdivision) for the 

analysis. 

5.4.1 Laboratory Practice 

A large number of the participants agreed that to better 

understand the concepts learnt and improve success rate of 

computer programming, more time should be spent working 

with the student at the laboratory. They therefore ranked 

laboratory lectures as the first method among the eight 

methods in order of effectiveness. 88% of the participants 

agreed that laboratory practice is the most effective teaching 

method for teaching programming. Only 12% disagreed to 

this fact. This exposes the learner to write up programs and 

apply the concepts learnt from teachers. 

5.4.2 Projects 

The participants believe that when lots of projects are given to 

learners in programming courses, it enhances their 

understanding of concepts and sharpens their skills in the 

course. This means that if teachers will actively engage 

students to improve their learning of programming course, 

then they are to engage the students with many practical 

projects. 74% of the students ranked this as the second most 

effective method that can be applied in teaching computer 

programming. Although 26% of the respondents had different 

opinion, the majority are in favour and are of the view that it 

is the most second of effective teaching method. 

 

5.4.3 Lectures 

To improve the performance of learners in programming, 

learners were asked to rank among other teaching methods the 

effectiveness of teachers’ lecturing programming and its 

impact on their passing rate. This was ranked third to projects 

in terms of enhancing learners’ success rate. A considerable 

number of the students (65%) agreed unanimously that 

lectures are an effective method for teaching programming. 

On the contrary, the remaining 35% somewhat disagree or 

were not in agreement whether lecturing affects their 

performance or not. In this regard, it could be emphasized that 

teachers of programming courses are encouraged to adapt this 

method. The unanswered question with respect to the size of 

the class remains answered? What will be the impact of 

lectures on the success rate of students in the programming 

environment when the class size is large? Other factors that 

suffice in terms this method being effective method of 

teaching programming courses to reduce the failure rate and 

to improve on success are teachers insuring that learners 

actively participate in lectures and ensure effective completion 

of all aspects of course.  

 

5.5 Effectiveness of other teaching methods 
The participants ranked seminars and tutorials and problem-

based teaching as fourth and fifth respectively. 63% of the 

participants believe seminars and tutorials are good methods 

to enhance effective teaching of programming whereas 37% 

think otherwise. On the other hand, 56% also believe that 

problem-based teaching which aims at engaging students to 

solving problems whiles teaching is a good option that can be 

considered by teachers of programming courses whereas 44% 

of the participants think otherwise.  

 

5.6 Ineffective teaching methods 
 
Field trips, e-learning and continuous assessment and 

examinations (CAE) were ranked sixth, seventh and eighth 

respectively. Most of the participants believe that these 

methods are not very effective when it comes to teaching 

programming courses. 72% of the participants were of the 

opinion that CAE are not the best methods for teachers to use 

when teaching programming courses. When all the focus is 

put on the assessment and examinations, students believe that 

it makes them study for examination purposes only without 

acquiring the skills for hands-on activities. On the contrary, 

28% have a different opinion. About 65% of the participants 

are of the view that e-learning is not an effective method of 

teaching programming. Due to the level of difficulty of 

programming courses, this method will not enhance the 

understanding of concepts and syntax to the learner. Although 

35% of the respondents have a different view, it is obvious 

that the majority of participants think otherwise. Moreover, 

46% are of the opinion that if students are sent on field trips to 

experience programming in organizations it will expose them 

to the practical projects and improve their learning outcomes. 

But greater number of the participants (54%) has a different 

view. 

 

5.7 Findings on teaching strategies 
From the findings, eight different teaching strategies were 

provided for the participants to rank in order of 

appropriateness. Reference [10] explains these strategies. 

Explicit teaching aims at teaching specific knowledge and 

skills by providing tools to assist students in a particular study 

area, command style teaching aims at teachers being the sole 

authoritarian and students are to comply with the commands 

initiated by the teacher, teaching by task aims at  allowing 

students to develop at their own rate and direction and take 

responsibility for their own learning, problem-based teaching 

aims at students engagement for problem solving, pre-

recorded lectures aims at using recorded lessons in class 

whereas puzzled-based teaching aims at teaching  students 

critical thinking and problem solving techniques and 

pair/group programming aims at students working side by side 

on concepts taught. 

 

Reference [8] explains peer tutoring as the system of 

instruction in which learners help each other and learn by 

teaching. It is beneficial in helping students learn actively in a 

setting that promotes multiple-intelligences as cited in [9]. It 

is one of the most effective methods in promoting student-

centred learning.  According to [9] peer tutoring aims at 

students teaching other colleagues. Learners understood these 

teaching strategies and gave their candid opinions on the most 

appropriate strategy to be used in the teaching of 

programming courses to enhance the skill of the learner as 

well as reducing the failure rate based on their experiences. 

Following the teaching method concerns, 82% of the 

participants indicated that one of the most appropriate 

strategies to be adapted for teaching programming courses is 

the problem-based teaching. The next strategy ranked second 

in the order of appropriateness as indicated by 79% of the 
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participants is pair/group programming approach. They 

believe that the lecturer should engage and encourage group 

programming since it promotes team work and also increase 

the participatory level of all learners. On the scale of 

preference, the participants ranked peer tutoring as the third 

appropriate strategy that could be adapted by teachers of 

programming to improve the skill of learners and also to 

reduce the high failure rate. 69% of the participants believe 

that a student teaching a colleague student can be effective 

and it should be encouraged. 

   

5.8 Inappropriate teaching strategies 
The participants indicated that command style teaching (77%) 

used by some teachers of programming affects the 

performance and it should not encouraged. Programming 

courses are difficult and the syntax is cumbersome to 

comprehend so it the teacher becomes the sole authoritarian 

and does not involve the learner it may worsen the case. Most 

of the participants also were of the view that pre-recorded 

lectures (69%) are not very appropriate to be adapted to teach 

programming courses. Learners might not have the 

opportunity to understand the syntactical rules of the language 

being taught. A little over 50% of the participant agreed that 

explicit teaching, puzzled-based teaching and teaching by task 

are appropriate whereas almost 50% also are of different 

view. 

 

The participants ranked the methods of teaching and the 

teaching strategies in reference to the most effective teaching 

method to least (Laboratory practice, Projects, Lectures 

Seminars and tutorials, Problem-based teaching, Field trips, 

E-learning, Continuous Assessment and Examination) and the 

most appropriate to the least appropriate (Command style 

teaching, Pair/group programming, Peer tutoring, Puzzled-

based learning, Teaching by task, Explicit teaching, Pre-

recorded lectures and Problem solving teaching) respectively. 

In the case of the teaching methods, participants believe that 

teaching by laboratory practice engagement is the most 

effective and the least effective teaching method is continuous 

assessment and examinations. The emphasis should be placed 

on the acquisition of skill that will put the learner above all 

odds. It turned out that most of the respondents were of the 

view for them to have the required skill and pass their 

programming courses; they are expecting their teachers to 

adapt a teaching method in which most of the time will be 

dedicated to laboratory practice and projects.  

 

These approaches will enhance teaching and learning of 

programming courses. According to [11], these methods aim 

to improve students’ success rate by increasing their 

motivation and encourages the greater self-engagement, not 

only in assignments provided within the course, but also in 

further exploration of programming challenges outside the 

assignments’ boundaries. 

6. Discussions/Conclusions 
From the analyses of the methods and strategies, the main 

problems identified by the experts who were interviewed and 

the survey conducted, it has been realized that aside the 

numerous causes of failure by students’ in programming 

courses discussed above, we cannot overlook the teaching 

methods and strategies since these factors are major 

contributing factors to the high rate of failure of computer 

programming students. Computer programming is among the 

most challenging subjects in computer science curriculum, 

and the one that many find difficult to grasp, hence it is very 

important to select an appropriate teaching strategy that will 

provide students with the most efficient learning environment 

[11].  

 

Reference [12] illustrates a teaching strategy adapted by a 

teacher of C++ Programming. It was realized that, the author 

adapted this strategy due to the long years (about 20 years) of 

teaching programming. The author though concentrated on 

first year programming students adapts this strategy in order 

to improve the performance. First of all, concepts are 

discussed; sample programs are given and other related 

activities. Following the discussed lessons, students are 

vigorously engaged in Lab Work, which is the laboratory 

practice to test their understanding on the concepts presented. 

This and other assignments expose the students’ different 

problem solving techniques and establish the students 

understanding to the steps involved in programming.  

 

To also establish the fact laboratory practice is a key factor 

when it comes to teaching methods, [13] developed a 

laboratory-based model for computer science instruction. 

Their model included three components: an online course 

builder for the instructor, a Web-based learning environment 

for the delivery of all student activities, and a course portal 

that served as a learning management system. The evaluation 

of the system showed that student performance in the course 

had improved and that the students found the course 

enjoyable.  

 

To improve on the teaching methods discussed above, the 

following have been outlined: a curriculum based-

programming that focuses on concepts rather than paradigms, 

the adoption of analogy in teaching programming, assessment 

(objective testing and performance based assessment – 

although from the survey most of the participants ranked this 

as the eighth on the scale of eight.), but the researchers 

suggest that in the performance-based category, assessment 

such as laboratory exercise, programming assignments and 

examinations help to test students’ ability to write working 

programs, the participants in this exercise are of a different 

view [14]. Therefore we can infer that this factor might be 

environmental dependent and must be relooked at.  

 

To this point, we have realized that there exist a teaching 

method and strategy that when adapted for the teaching of 

computer programming courses, both teachers and learners 

will enjoy the course and high performance achieved as a 

result of the right method and approach that was adapted. 

Teachers should adapt the method that will able him teach 

concepts for the students to understand and use the right tools 

such as flowcharts and algorithms in order to help the students 

grasp the ideas that are relayed from the teacher to the learner. 

One approach adapted by the one of the researcher’s at the 

time the research was conduct was combination of two or 

more methods and strategies. For example any programming 

challenge given to the student, they were expected the walk 

through the following (identification of problem, analysis 

(input, processing and output), design (algorithms and 

flowcharts) and then coding). This method allows the learner 

to bring out the understanding before going to the coding 

since direct coding in computer programming mostly confuses 

the learner. 

 

To improve teaching and learning of computer programming 

courses, we recommend to teachers to adapt more than one 

method or strategy in their instructional process.   
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For learners to acquire hands-on skills in programming, 

teachers are requested to combine laboratory practice 

sessions, projects, seminar and tutorials along with lectures in 

order to encourage students to have several opportunities and 

to adapt to the best practice. This is in agreement to the 

findings of [14] which states that; teachers’ task is to select an 

appropriate teaching method or blend of methods. Out of the 

eight proposed methods, a teacher can adapt any of the best 

approach would best suit his teaching environment.  

 

On the other hand, more than one teaching strategy should be 

adapt for teaching programming, we recommend that teachers 

adapt peer tutoring, pair/group programming and problem 

solving teaching strategies to give learners better 

opportunities to  interact with their peers and teachers. Most 

participants believe that adapting one of these methods or one 

of these strategies makes programming very challenging and 

frustrating. We conclude that programming lecturers should 

adapt effective teaching methods and appropriate teaching 

strategies in teaching computer programming courses that will 

encourage more students to work hard and become highly 

skilled programmers. This will mean that there will be an 

increase in programmers and many real time applications will 

be developed to solve problems.  No information was 

collected on age, gender, academic discipline of participants 

as the research focus was teaching methods and strategies; 

however, future studies may expand on existing knowledge by 

identifying connections between these factors and teaching 

methods and strategies adopted by teachers’ to enhance 

programming in order to increase student success rate and 

skills development. 
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