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Abstract 
Many studies have shown that when learning programming students don’t have basic 
problem solving skills and don’t know how to create algorithms. Our overall 
Objective of this study was to help students develop the foundational capabilities 
needed to become successful programmers and to help students learn effective 
programming skills. The main focus of this paper is a literature review research 
relating to problem-solving skills that help students practice more efficient analysis, 
planning and design skills for the development of programs. A problem-solving 
activity consists of five processes: analysis to understand; development the plans, 
carrying out the plans, evaluation the plans and reflection on the problem-solving 
process. These activities have used the method of pair programming activities   to 
enhance teamwork and communication during learning. The processes of activities 
were consistent with program learning. This research was experimental pilot for the 
quality of learning framework, which the results show that, the students improved 
programming skills and the satisfaction of learner on high level in process. 
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Introduction 
 
Programming is a basic course for students in the field of computer and Information 
Technology.  Learning to computer program is a difficult process for many students. 
The difficulty of the process causes a high failure rate in many schools. Several 
authors have discussed different reasons for such problems (Sloane, 1988; Gomes, 
1998; Soloway, 1989; Jenkins, 2002; Lahtinen, 2005). A study by Mikum (2013) and 
Gomes (2007) found that students don’t have basic problem solving skills and don’t 
know how to create algorithms. Developing problem solving skills should be a 
priority. 
 
There are many studies that show a positive effect between computer programming 
problems solving ability (Battista, 1986; Kurshan, 1985). Problem solving is essential 
to computer programming and requires multiple abilities that students often don’t 
have (Gomes, 2007).  And according to Craig further research has suggested teaching 
lab between teachers and students should have learned in the problem-solving 
process. The process of developing problem solving skills helps to improve the 
students’ ability to understand and plan for problems. 
 
However, another important part of learning to program is the happiness of the 
students while learning. Many researches have reported how enjoyment of learning 
programming will increase the learning environment in the class (Mikum, 2014). Pair 
programming, which it has helped create an environment for learning programming 
better and including of benefits that it help to programs of higher quality, helped 
improve retention, understanding of the programming process, and other (Laurie 
Williams, 2010; Mikum,2014). 
 
However, the developing of programming skills to strive to improve the quality of the 
students should have developed to be continuously. The purpose of this paper is to 
propose a practical strategy of Problem solving activities and pair programming for 
improving the fundamental computer programming course. 
 

Background Principles 
 
Pair programming 
Pair programming involves a type of learning in which two programmers combine 
efforts on the same problem, algorithm, design, code or test, and work together at the 
same computer (Williams, 2010; Anderson, 2012; Cockburn,2000; Ma,2004). One 
student, the driver, is assigned to design, write the code and test programs. The other 
student, called the navigator, watches to see if the driver makes mistakes and then 
gives advice to help fix the mistakes. The communication between the driver and 
navigator is important. And it is a good idea to switch roles between the drivers 
becomes the navigator (Williams, 2002). 
 
When teachers choose to use the pair programming technique on learning 
programming course, learners will benefit both, in terms of, the development the 
programming process and their feelings about their studies. For instance, Students get 
higher quality programming when pair programming is used. The work in pairs 
planning, sharing ideas and combining solutions increases the cognitive knowledge of 
the of programming process, as well as helps students learn programming better, get 



happy feelings about learning in general and increases students confidence in their 
programming skills (Han, 2010). 
 
Choosing the right partner in pair programming is essential to success. According to 
Grigori Melnik (2002) and Dean Sanders (2002), the skill levels of the learners are 
necessary to achievement in their program. Lynda Thomas (2003) found that choosing 
a good pair programming when a partner is capable of the same skill levels. Or the 
choosing a pair programming of students is the job of students chooses their partner 
(Mikum, 2014). When they completed programs, they get switch roles for this will 
spread information and knowledge will be spread throughout their pair (Williams, 
2003). 
 
Problem-solving skills    
Learning programming is based on development of the student’s problem-solving 
ability (Gomes, 2007; Vanlengen, 1990). The authors define the "problem” using a 
definition from Gil Pérez et al. (1988) who consider the problem as a situation where 
the solution is not clear. Perales (1993) considers the problem as any situation that 
produces, on one hand, level of uncertainty, and on the other, an expression in search of a 
solution. According to Mayer (1998) it is a complex concept containing   cognitive, 
metacognitive and motivational aspects. 
 
A literature review of the problem-solving skills encourages us to find ways to 
improve this subject in terms of   different knowledge domains.  
 
For instance, Polya (1957), in his book “How to Solve It”, describes ideas on how to 
enhance   the student’s problem-solving skills, which he thinks involve four-phases, 
namely: 1) understand the problem; 2) devise a plan - it often means looking at related 
or simpler problems; 3) carry out the plan and 4) look back. 
 
Bransford and Stein (1984) presented the IDEAL model, and using the following 
steps: 1) Identification of the problem; 2) Definition of the problem with precision; 3) 
Exploration of strategies to reach the problem solution (based in previous knowledge 
and experiences); 4) Action, in the sense of the execution of the previously planned; 
5) Learn (or Look back) relative to the observation of the effect of the carried through 
actions and learning according to the evaluation of the results of these actions. 
 
Sternberg and Davidson (1989) suggested other steps: 1) problem identification; 2) 
selection of the mental operation to solve it with success; 3) internal and external 
representation of the information, in a clear way; 4) selection of an adequate strategy; 
5) distribution of the available resources; vi) monitor the different moments of 
problem solving. 
 
Pretz and Colleagues have divided the problem-solving process in yet other stages:  1) 
to recognize or to identify the problem; 2) to define and to represent the problem 
mentally; 3) to develop a resolution strategy; 4) to organize the knowledge concerning 
the problem; 5) to attribute mental and physical resources to solve the problem; 6) to 
monitor ideas so not to divert from the main goal; 7) to evaluate and correct the 
solution. 
 



The University of Washington (2003) provides details that problem solving is an 
iterative, or cyclical process and describes the various steps to solve problem, namely: 
1) Identify the problem; 2) Define the problem; 3) Collect, evaluate and organize 
information about the problem(Determine what information will be relevant, classify 
and categorize relevant information) ;4) Create or select a strategy to resolve the 
problem ;5) Allocate resources to solve the problem(Encourage students to develop 
timelines, action plans, progress reports); 6) Monitor the problem solving process 
(Ask students to submit regular progress reports or updates to ensure deadlines are 
met); 7) evaluate the final solution (to evaluate their final solution about e.g., an 
accountant; a manager; a researcher).  
 
Also Santucci offers synthetic forms of abbreviations FARE techniques and methods 
based on the original model of Polya, referring to the following stages: 1) Focusing on 
the creation, selection and definition of the problem, deciding and what is necessary to 
know; 2) Analyzing, by collecting reference data, determining the relevant factors, 
and generating alternative solutions (or action plans); 3) Resolving, by selecting one 
solution, developing a plan for update and persistence in the organization to reach the 
awaited result; 4) Execution, finding a solution, controlling the impact during the plan 
implementation (evaluation of the results).  
 
Almeida (2004) describes the model of the problem-solving in the following five 
steps. 1) Recognition, definition and identification of the problem; 2) Analysis of the 
problem and generation of alternative solutions; 3) Development of plans; evaluation 
of the alternatives and selection of one of them; 4) Selection and effective 
implementation of the alternative solutions; 5) Evaluation and follow-up or solution 
testing. 
 
Anabela Gomes and António José Mendes (2007) describe in their work how to solve 
programming problems. It includes the following phases: 1) Understanding the 
problem (to define the problem and understand the aspects that are not clear); 2) 
Characterizing the problem (Looking for a related or similar problems that students 
had solved the problem); 3) Representing the problem (Students represent problems 
and answer questions to demonstrate understanding more.); 4) Solving the problem 
(making decisions, designing a system to meet certain goals, diagnosing and 
proposing a solution); 5) Reflecting on the solution(examining solutions and looking 
for information or clarification; evaluation of solutions from different perspectives.); 
6) Communicating the problem solution(to communicate solutions can help students 
to examine problems that were previously not understood, and can also reflect the 
solution on production). 
 
For a better understanding of the solution process it would be useful to combine the 
various methods of synthesis from many authors. This study used the following five 
processes based on the methods of other researchers. This study is focused on using 
this synthesis in relation to computer programming. The guidelines of problem 
solving of many researchers are consistent with the practice of programming. They 
include the following processes: 1) analysis to understand; 2) development the plans; 
3) carrying out the plan; 4) evaluation of the plan; 5) reflection on the problem-
solving process. 
 
 



Instruction Design  
Problems on learning computer programming fundamentals are the students lack the 
problem solving skills and cannot to design algorithms (Mikum, 2013; Gomes, 2007).  
Be said that, when the students practices a problem-solving skills, that this skills will 
help to develop better programs. The steps of practice skills, which are consistent with 
the steps of programming and the pair programming determine a role with the 
problem-solving skills and pair programming expected to support their learning and 
understanding. 
 
This study hypothesizes that if students practice the above steps on program learning, 
the steps will lead to the development of better programmers as well as increasing the 
quality of their programming.  
 
Processes of Problem-solving activities   
Problem-solving activities consists of five processes, namely analysis to understand, 
development the plans, carrying out the plan, evaluation of the plan and reflection on 
the problem-solving process, Figure1.  
 
The pre-activities, the learner choosing a partner had conditions of pairing by divided 
grade point average are three levels, namely high, medium, low respectively (Wang, 
2012), then the instructor assigns a problem to the pair learners and describes the role 
of learner and how to learn in the assignment. The pair programming means two 
programmer works together, one student is the driver and is responsible to design, 
write the code and test. The other one, called the navigator, is responsible to observe 
the work of the driver looking for mistakes and providing strategic suggestions. 
Table 1: The roles in the problem-solving activities   

 
Driver A student who analysis, designs, writes the code and tests the assigned 

programs 
Navigator A student who watches to see if the driver makes mistakes and then gives 

advice to help fix the mistakes 
Teacher  The teacher of a programming course, in charge of giving assignment, 

observation and brief in assignment and summarize assignments 
 
The first processes, in analysis to understand, students get assignments from teacher 
and then the driver analyzes the problem programming on Input-Process-Output 
analysis (I-P-O Analysis). This encourages a more clear analysis by the students. This 
is a process to analyze and understand the assignment and can be divided into three 
items namely:  input, process, and output.  
 
In the input item, the driver analyses   data and the values, defines variables and types 
of variables in the assignment.    
 
In the process item, the driver plans an approach to problem solving and chooses the 
command or function to be used in programming. 
 
In the output item, the driver designs the result of programming for a guide for the 
programming. 
 
The entire process of analysis is issued by driver under observation of the navigator.  

	
  



The second processes, in the development of the plans, the driver designs the 
programming on process planning, the flowchart design uses the swim lane technique, 
a symbol used in process flow diagrams, or flowcharts, to see differently the 
responsibilities for sub-processes. The driver describes the design of programs to the 
navigator before the driver writes the program. This processes   helps guide the 
problem solving of programming.   
 
The third processes, carrying out the plan, the pairs analyze the problem and design of 
completed programs. They start to code the program as designed by driver   under the 
observation of the navigator.    
 
The fourth process, evaluation of the plan, tests and debugs the programs based on the 
errors found. Students work together and brainstorm the problem solving of the driver 
and navigator.  
 
In The fifth process, reflection on the problem-solving process, students discuss and 
comment on the program of friends presented in the classroom. Then share questions 
and answers to better understood the programming. 
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Figure1. Problem solving Activities and Pair Programming for improving the fundamental Computer Programming Framework 

(P3 framework )

Driver Navigator 

 

Teacher 

 

	
 	
 

Show	
  
Result	
  

Yes	
  
	
  	
  Check	
  Result	
  

No	
  

Input	
  analysis	
  

	
  

Write	
  
Program	
  

	
 	
 

	
  	
  	
  	
  Flowchart	
  Design	
  use	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
la	
  Swim	
  lane	
  technique	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
 
Describes	
  your	
  design	
  of	
  
program	
  to	
  the	
  Navigator	
  

	
  

	
  

	
  Discuss	
  +Shared	
  Knowledge	
  

	
  	
 

	
  	
  	
  Process	
  analysis	
  

	
 	
 

Output	
  analysis	
  

	
 	
 

	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 

	
 	
 

Navigator	
  to	
  observe	
  the	
  work	
  of	
  Driver	
  

	
  	
 

Discuss	
  +Shared	
  
Knowledge	
  

	
 	
 

	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 

	
 	
 

	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 

	
 	
 

Problem	
  
Programming	
  

	
 	
 



Findings 
 
Experimental Pilot  
Literature reviews on various topics are basic knowledge of the concept for 
developing computer programming skills (Figure1.); the concept is practice for 
problem-solving skills, problem analysis, and design of program. And this concept 
was tested with the 10 freshman students in area of major Education Information 
Technology, Rajamangala University of Technology Thanyaburi. The result found 
that: 
Table2. : Table shows the mean score according the test with pre-test and post-test  

Test  SD.   t Sig. 
Pre-test 4.9000 1.37032 2.80000 1.98886 4.452 .002* 
Post-test 7.7000 1.88856     

Table2. Shows the mean score in the test of students, post -test is higher than 
pre- test, and the difference was statistically significant (p< .05). The students improve 
programming skills on P3 framework.  
Satisfaction of learner 
This study explored the satisfaction of learning activity with the experimental pilot 
group on Figure 2. 

 
 
 
 
 
 

Figure2. Average of satisfaction  
In satisfaction queries, there are four aspects. The students provided the average of 
satisfaction on high level in all aspects. An interesting finding is that on the high level, 
the students need to learn other subjects like the activity in subject and the students 
have opportunity to share knowledge and show ideas with their partners. The scores 
show that the students are satisfied with the learning activity.   
Interview  
This study involved interviewing the students. Students who participated in the 
interview said that the process of learning activity and working together helped them 
understand the problems of programming and designing better programs with 
flowcharts, it helped to have a guide to start their thinking process. Students also said 
that working together was a happy way to help with programming. They noted that 
they made friends who provided suggestions, shared knowledge and solved problems 
with their as a pair. Additionally, the pair work was more satisfying and increased the 
happiness of the developers. 
Discussion   
Various researches have the aim to develop programming skills of novice 
programmers. This current research aims are the same. Pair programming is a style of 
programming in which two programmers work together on the same process of 



problem solving, which focuses on analysis to understand the problem and design 
programs. The learning framework helped them understand the problems of 
programming and better program design with flowcharts. Additionally, this process 
improves the quality of the analysis of problems, quality of the designing of programs 
and quality of code. It also was a positive experience for the students. 
In this problems-solving process, the I-P-O Analysis encourages the ability to analyze 
problems better such as analysis of data, variable, and planning solutions. In addition, 
the process planning encourages clear plans in the designing of programs and 
increased the quality of code.  
The switching role encourages students to practice communication, reasoning 
thinking, and sharing knowledge and encourages learning by doing and improves 
programming skills. And in areas, analysis problems and observation errors in 
programming occurred among participants who received the navigator role (Han, 
2010). 
The pairing with students of high-level skills that same level for programming 
together found that the pairing of the best and the student low-level skills for pair 
work together every process was slow as well. The pairs shared ideas and accepted 
criticism and the students were enthusiastic and willing to work in pairs. This also 
enhanced communication skills for the pairs (Wang, 2012).  
Conclusion    
Learning to computer program is a hard process for many students. The difficult 
process causes a high failure rate in many schools. This paper presents a learning 
framework using a problem-solving activity based on pair programming for 
improving programming skills.  
When the learning framework was used in programming courses, it was found to have 
a positive effect on learning. The results showed the mean score in the test of students, 
post-test was higher than pre-test, see Table1. This table shows how the learning 
framework encouraged learning programming. The enjoyment of developers also 
increased. 
Future work will be explore the learning framework in the area of programming to 
examine whether the development of programming skills leads to even better 
performance. 
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