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Abstract: Programming is a cognitively challenging subject. Hence, good instructional strategies and tools are 

important in providing the student optimal guides and learning support. Interviews with experts were conducted to 

identify major problems in the teaching and learning programming. The quantitative finding identifies that 

problem-solving is a major problem experienced when teaching and learning programming language. This paper 

describes how problem-solving skill can be developed by a viable mental model to help students in learning 

programming. In addition, the qualitative findings provide information about the current methods used to teach 

programming language and recommend visualization programs and games as learning tools to improve the current 

learning and teaching methods. Furthermore, this paper proposed a solution based on game and constructivist 

approach as a tool to improve students’ mental model in learning programming. 
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INTRODUCTION              

 

Programming language is a subject offered in the field 

of Information Technology and Computer Science 

education. The main objective of this course is to create 

graduates who are highly skilled and competent in the 

field of programming. Recently, there are reports saying 

that there is a reduction of more than 50 percent of 

enrollment in Computer Science students in universities. 

Failure rate and high dropout among students of 

Computer Science in programming has attracted 

attention of researchers to investigate the cause of the 

problem. Students found difficulties to solve 

programming problems in the form of program codes 

from the basic level, even though they have no problem 

to write and explain it verbally. This problem occurred 

because the students failed to write a good algorithm. 

This skill is one of the major components in problem 

solving phase in programming [1][2]. To write a good 

algorithm and solve the problem, a student needs to 

think analytically [3][4]. One of the components in 

analytical thinking is a viable mental model. This is 

important because a computer programmer needs to 

form a viable mental model of the problem and how to 

solve the problem before attempting to write a program 

[5].  

 

 

RELATED LITERATURE 

 

Adelson and Soloway [6] reported that 30 to 50 percent 

of the Computer Science students from universities 

around the world have failed in computer programming 

at a basic level. McCracken [7] found that first year 

students only scored an average of 22.89 marks out of 

110 marks in a programming test. Poor performance in 

programming is the most contributors to the failure in 

Computer Science course [8]. 

 

 

Difficulties in Learning Programming 

A study conducted by Winslow [9] found that students 

may be able to differentiate between syntax and 

semantics in different statements, but they do not know 

how to combine both of them into a meaningful 

program. This study was supported by Ala-Mutka [10] 

when she found that students can learn to understand and 

explain a programming concept verbally, but they failed 

to apply the concept in writing program. Even if they 

can solve a problem in writing, but they still failed to 

translate the solutions into a program. Whereas, in 

different studies by Tan et al [11] have shown that 

undergraduate students who took subject of Computer 

Programming 1 at Multimedia University of Malaysia 
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have problems in designing a program to solve a given 

problem. Studies conducted by Matthiasdottir and 

Geirsson [12] also found that students can understand 

program code written by others but they have difficulties 

in translating their own solutions to meaningful 

program.  

 

 

Problem-Solving Skills 

Mendes [13] found that students encounter problems in 

applying the concepts of programming to solve 

problems especially in engineering area. Lister et.al [14] 

also found that students are lack of problem solving 

skill. In different studies, Sleeman [15] found that many 

students in Introduction to Programming class not know 

how to code a program to select and display the smallest 

number in a list of integers. There are two-phase process 

in writing a program; problem-solving phase and 

implementation phase. Three main steps in problem-

solving phase consist of analysis and specification, 

general solutions (algorithm) and verify [1][2]. The 

second phase consists of concrete solution (program) 

and test. It shows that writing an algorithm is an 

important step for students to solve a problem in 

programming. In addition, a student needs to think 

analytically to write a good algorithm and solve a 

programming problem [3][4]. 

 

 

Analytical Thinking 

Analytical thinking is a critical component in visual 

thinking that provides the ability to solve problems in a 

quick and effective way. It is a step-by-step thinking that 

enables a student to solve complex problems into a 

single and controlled component. Analytical thinking is 

closely related to visual thinking. It is a part in problem-

solving process. Whereas, visual thinking is related to 

mental model where it helps to explain the model itself 

more clearly and distinctly [16]. 

 

 

Mental Model 

Craik [17] defines mental models as models in small 

scale formed by human mind to anticipate events, to 

make reasoning and to become the basis of the 

description of an item. Laird et.al [18] also defines 

mental models as psychological representation of the 

real situation, based on assumptions or imaginary. 

Borgman [19] said that mental model is a cognitive 

mechanism built by human to describe and draw 

conclusions about a system or problem and give reaction 

in the real world. Generally, mental model is an internal 

representation (mental) on a real system including 

behavioral, organizational and internal structure of the 

system. 

 

 

Mental Models in Programming 

Balzert [20] and Rist [21] argues that programming 

requires a person to store various types of information 

in his memory as detailed information about the syntax 

and semantics of a programming language, some mental 

model for problem solving and the ability to distinguish 

between a specification to solution and a solution to a 

problem. His opinion was supported by Lui et.al [22] 

who said that programming involves the construction of 

some mental models. 

 

 

INITIAL STUDY 

 

A study was conducted by interviewing six experts in 

the field of programming language subject consists of 

two university lecturers, three polytechnic lecturers and 

a high school teacher who have been teaching 

programming in more than five years. Five of the six 

experts are actively involved in research related to the 

field of programming. The main objective of the 

interviews conducted in this study is to identify major 

problems in teaching and learning programming. The 

data was collected using structured interview method 

which consist a list of three predetermined questions. 

The interviews were conducted face to face with the 

interviewees and over the telephone. The first question 

was to find out the difficulties in learning programming 

language among undergraduate students. The second 

question was to find out what are the current methods or 

techniques used to teach programming language in local 

universities and polytechnics. And the third question 

was to find out what are the suitable methods or 

techniques that can be used to solve the problems in 

learning programming. The data gathered from the 

interviews are then analyzed using domain or taxonomy 

analysis method. All the answers obtained from the 

interviews are transformed and coded into a transcript to 

build themes and sub-themes. Then, the themes are 

organized to make meaning connections regarding the 

objective. 

 

 

FINDINGS AND DISCUSSION 

 

The results from the analysis are shown in Table 2 and 

Figure 1. There are eight different categories of 

problems that are arranged in descending order. From 

the graph, problem-solving skill is the most frequently 

mentioned in the interviews followed by problem that 

involved understanding the basic concepts of 

programming. The rest are the problems in the syntax 
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and semantics of programming, basic math skills, 

individual learning strategies, students’ ethics, 

traditional teaching and paradigm change. Further 

information of the problems is described in the next 

section. 

 

Table 2: Frequency of different types of difficulties in learning 

programming 

Types of difficulties Frequency  

Problem-solving skills 10 

Understanding basic concepts of 

programming 

5 

The syntax and semantics of 

programming 

3 

Basic skills in mathematics 3 

Individual learning strategies 2 

Students' ethics 2 

Traditional teaching 1 

Change of paradigm 1 

 

 

 
 

Figure 1: Types of difficulties in learning programming 

 

From the interviews, interviewees elaborated the 

problems faced by the students in problem-solving skill 

as follows: 

 

a. Students are difficult to translate the answer into a 

programming language. 

b. Students have difficulties in writing a program. 

c. Students are unable to answer the question in the 

form of program. 

d. Students do not know how to translate data into 

program. 

e. Students do not know how to translate questions 

into program. 

f. Students cannot imagine the data in the form of 

program. 

g. Students do not know how to apply their 

programming knowledge into program. 

h. Students are difficult to interpret natural language 

into the machine language. 

i. Students lack of critical thinking skills. 

j. Students memorize a lot rather than thinking. 

 

Students have problems the following problems 

while learning to understand basic concept of 

programming: 

 

a. Students are confused to declare data. 

b. Students do not have a solid foundation in 

programming. 

c. Students do not apply the step by step process in 

programming. 

d. Students did not know how to read and understand 

the code of the program. 

e. Students do not understand the meaning of code 

lines in program. 

To understand the syntax and semantic of 

programming is also a big challenge or for students. 

Students do not understand the syntax and semantics, 

students have difficulties in syntax and semantics and 

students have difficulties in manipulating the code of the 

program are the input given by the respondents. Students 

that weak in logic operations, students that have problem 

in logic and students that weak in mathematics are the 

problem associated with strong skills in mathematics.  

 

Individual learning strategies, students’ ethics, 

traditional teaching and change of paradigm are the 

problems with the lower frequencies. Lacks of 

practicing after classroom and students cannot solve 

problems in form of 'tracing' are categorized as problems 

in individual learning strategies. Problems also occurred 

when students have to change their thinking from 

structured programming concept into object oriented 

programming concept.  

 

The interviews also reveal the methods of teaching 

programming such as slides, programming software, 

notes and sample questions. These traditional teaching 

methods are frequently used in programming classes. 

Moreover, support system simulation and computer 

game are recommended to improve the existing teaching 

methods. 

 

CONCLUSION 

 

From the interviews, it shows that students are having 

difficulties to translate solution into program. This 

problem is closely related on how a student builds a 

viable mental model to form a correct algorithm to write 

a program and to solve a programming problem. Writing 

a good algorithm is an important skill which contained 

in problem-solving phase. To write a good algorithm 
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and to solve a problem, a student needs to think 

analytically. Constructivism approach can help students 

to build a good and stable mental model. However, 

learning through constructivism approach alone is not 

enough to improve mental model of a student. 

Visualization programs such as game are suitable as a 

learning material because it can encourage students to 

learn collaboratively in an entertaining environment and 

increase their motivation to learn programming 

language. More research needs to be conducted to 

determine the use of constructivist approach and games 

to improve students' mental model in programming. 
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