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Abstract 

One of eXtream Programming practices is Pair Programming (PP) (the pair consists 

of a driver and a navigator), which is used for promoting knowledge sharing among 

students. This practice encourages students to think creatively of programming 

solutions, and simplify learning, especially for difficult course such as Java. By 

applying PP, students are enforced to improve their social skills as they 

communicate with each others. Despite the numerous benefits of PP (discussed by 

previous studies), statistics show lack of demostrating the extent at which the 

knowledge sharing, communication and transfer between the driver and the 

navigator can improve the code quality. Therefore this study aims propose a 

conceptual model of a PP knowledge-based sharing for improving programming 

skills. In order to achieve the stated objective, PP laboratory assignments were 

conducted and compared to evaluate the impact of PP on code quality with and 

without adopting the conceptual model. The conceptual model was validated by 

analyzing the collected data from the participants of PP laboratory assignment using 

Partial Least Square form of Structural Equation Modeling (PLS-SEM). The findings 

of the study show that socialization, combination, and internalization are the 

determinant factors for achieving better code quality in PP environment. The 

findings of this study would be benefited to academic environment especially the 

agile programmers in the pair programming domain.   

 

Keywords: Pair programming, Tacit knowledge, Code quality and SECI model. 
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CHAPTER ONE              

INTRODUCTION 

1.1 Overview of the Research 

This study views with concern on the possibility of improving students‟ 

programming skills. Many students think that computer science (CS) and software 

engineering  (SE) courses take the lead in dropout rates than other courses (Md 

Rejab, Omar, & Ahmad, 2013). This motivates the practitioners to urgently employ a 

technique or practice that can facilitate teaching and learning practices in CS/SE 

courses. 

The success of Pair Programming (PP) in IT industry has been seen in terms of 

enhancing knowledge transfer (di Bella et al., 2013b), facilitating integration of 

novice members (Sillitti, Succi, & Vlasenko, 2012; SOUZA, 2012), reducing costs 

for training (Sillitti et al., 2012), and improving coding structure (Xu & Rajlich, 

2006).  This encourages practitioners in pedagogical context to rely on PP to 

overcome students‟ failure in programming course.  Additionally, it not only 

encourages students to accept programming curricula, but also encourages to 

innovate in producing better end-programs (di Bella et al., 2013b). SE community 

accepts PP as one of many innovative approaches that had been considered to 

overcome  programming issues in CS/SE courses (Omar, Syed-Abdullah, & 

Yasin,2010; Syed-Abdullah, Omar, Hamid, bt Ismail, & Jusoff, 2009).  Eventually, 

in the late 1990s, PP has been embedded in the teaching of CS  (Keefe, Sheard, & 

Dick, 2006; Rimington, 2010). 
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Improving the programming skills of the students of higher learning institutions 

takes the much concern of this study. Good code quality is an indicator to good 

programming skills. To come up with better code quality there was a need to foster 

the personal knowledge of the students. On that basis the idea has been initiated of 

constructing a conceptual model that can improve the programming skills among 

students of higher learning institutions which is the main aim of this study. 

Constructing the conceptual model came up with two needs, the first was employing 

a well-known model that deals with knowledge management and impacts on 

personal knowledge of the individuals which  is tacit knowledge.  The second need 

was using a practice that is reliable in computer science and software engineering 

community, deals with knowledge management and fosters tacit knowledge. For the 

first need this study employed the model of Nonaka and Takeuchi which is 

socialization-externalization combination and internalization (SECI). For the second 

need this study employed pair programming (PP). Pedagogically, employing PP to 

solve programming problems is highly related to the main concern of this study.  

This study has been initiated, with the conceptual (brainstorm ideas) in Figure 1.1. 
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Figure 1.1.Conceptual idea of the study 

The diagram in Figure 1.1 highlights the keywords operationally used in this study, 

including PP, tacit knowledge, and code quality.  The keywords are concepts that are 

detailed out in Chapter 2. Figure 1.2 provides the relationship among those keywords 

on the basis of understanding the keywords and the way by which they  may 

Tk: Tacit Knowledge 

KM:  Knowledge Management 

SECI: Socialization Externalization Combination and Internalization Model.  

PP: Pair Programming 
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associate and interact. In which pair programming practices imply that pair 

programmers need to use same computer at same time, work on same project and 

discuss together till finding the solution. All of that depends on retrieving the tacit 

knowledge (TK) of both programmers. Additionally, when pair programmers make 

their decision they need to write the coding that means they need to document the 

solution which implies transferring the tacit knowledge (TK) to explicit knowledge 

(EK) which is easy to explain and to share. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Relationship of keywords 
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1.2 Pair Programming 

SE community defines PP as one of the eXtreme Programming practices of Agile 

software development.  It involves two persons; a driver and a navigator; who 

simultaneously collaborate in solving a problem using a single computer.  In the 

collaboration, the driver types the code, while the navigator is accountable for going 

through the code, observes the code, and suggests alternative solutions (where 

necessary).  Both the navigator and driver frequently switch their roles as study 

scheduled in advance.  In short, the driver tackles operational challenges and the 

navigator focuses on the strategic direction by responding to the code, and 

recommends possible alternatives when necessary (Hannay, Arisholm, Engvik, & 

Sjoberg, 2010; Porter, Guzdial, McDowell, & Simon, 2013; Sajeev & Datta, 2013; 

Swamidurai, 2009). 

1.3 Code quality  

Code quality is an indicator for less number of defects in syntax and it measures the 

acceptance level of a program among users in terms of reliability, usability, 

maintainability, and portability (Omar, Romli, & Hussain, 2007). Besides, the 

literatures agree that expert opinion, effectiveness, academic performance, and 

number of successful test cases also measures code quality (Salleh, Mendes, & 

Grundy, 2011).  Nevertheless, researchers also found that agile concept is a crucial 

factor towards achieving better software quality (de Azevedo Santos, de Souza 

Bermejo, de Oliveira, & Tonelli, 2011).  Consequently, this relies on expert opinion 

to measure quality in terms of correctness criteria.  
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1.4  SECI Model 

In  1995, Nonaka and Takeuchi coined a model of  “knowledge creation theory”, on  

the basis of its four-stage of activities which are socialization, externalization, 

combination, and internalization denoted by SECI model (Nonaka & Takeuchi, 

1995). SECI modeling  facilitates  understanding the association of interaction and 

transaction between both tacit and explicit knowledge (Md Rejab, Omar, & Ahmad, 

2012). Further, Ikujiro and Takeuchi (1995) detailed out the four stages.  

Socialization refers to a state in which tacit knowledge is generated as a result from 

sharing mental thinking and practical experience during social interaction like 

informal session, debate, and co-existence (Nonaka & Takeuchi, 1995). 

Externalization concerns in articulation of tacit knowledge into documents form 

which can be later shared with the others, based on the new codified form or explicit 

knowledge.  Hence, externalization phase is meant by „tacit-explicit‟   knowledge 

(Ahmad et al., 2012).  Meanwhile, Combination, which is denoted by „explicit-

explicit‟ refers to   supporting explicit   knowledge with systematic resources in 

order to uplift the level of unsystematic explicit knowledge (Ahmad et al., 2012).  

Eventually, fourth phase of SECI cycle is internalization, in which systematic 

explicit knowledge converts to a richer, consistent, and more complicated tacit 

knowledge (saved in head) (Cayaba & Pablo, 2013; Jiangping, Ming, & Yahui, 

2013; Santos, Goldman, & Roriz Filho, 2013).  This model is embedded in the 

proposed model in this study, which is shown in the research model in Figure 1.3. 
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1.5  Tacit Knowledge 

Tacit knowledge is a kind of personal knowledge deposited in peoples‟ brain as a 

result of expertise, imagination,  learning, innovation, skills, and memory (Singh, 

Singh, & Sharma, 2013). Educationally, during the process of knowledge transfer 

from an expert site to a novice site as in transferring tacit and explicit knowledge of a 

lecturer to students, a new tacit knowledge is to be begotten. It is worth mentioning 

that robust Socialization on the basis of good expert of a lecturer, strong 

Externalization and Combination based on various references will positively impact 

the Internalization of tacit knowledge in the form of skills in terms of learning, 

thinking, and making decision (Ahmad et al., 2012).  

In 1990, Gerholm has claimed that the tacit knowledge consists of two types of 

knowledge; knowledge as a reflection of daily life within educational institution 

concerning with the process of teaching and learning administrated by the lecturer. 

The second is that it is begotten by students directly or indirectly as it  is gained from 

what  students have  learned from the lecturer within the educational organization or 

knowledge that is generated from discussions and interpretation among students 

(Gerholm, 1990). 

1.6  Problem Statement                 

This study reviews the impact of knowledge sharing in PP through latest studies.  In 

the last two decades, PP has succeeded to attract attention of most educators, 

researchers, programmers, and developers.  It has got a great attention in terms of its 

effectiveness and efficiency in reducing efforts (di Bella et al., 2013b; Porter et al., 

2013). 
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In addition, PP has achieved a significant productivity (Salleh et al., 2011), quality 

improvement (Williams, Shukla, & Anton, 2004), students‟ interest towards 

Information Technology (Berenson, Williams, & Slaten, 2005; Layman, 2006; Porter 

et al., 2013), and self-confidence (Hannay, Arisholm, Engvik, & Sjoberg, 2010).  

Also, PP positively impacts students' academic performance (Salleh et al., 2011).  

Nevertheless, it is one of the promising and noticed knowledge sharing techniques 

for agile development pairs (Dybå & Dingsøyr, 2008; Kavitha & Ahmed, 2011).  

However, the nature of agile development does not allow a successful knowledge 

sharing environment for team members because one  member handles most of the 

tasks along PP activities over the other partners (Chigona & Pollock, 2008; 

Williams, McCrickard, Layman, & Hussein, 2008).  It also contributes to skills 

differentiation, solution to conflict in time scheduling especially outside classroom 

framework (Williams, 2007), and non-discipline participants and absenteeism  

(Chigona & Pollock, 2008; Williams et al., 2008).  

With reference to the descriptions in the previous paragraphs, the essential concern 

for this study is to overcome some of the reasons behind declination in socialization 

among pairs (Md Rejab et al., 2012) to ensure successful knowledge transfer 

between the driver and the navigator and the level of knowledge is better. The 

decision has been made in response to the lack of evidence in statistical data that 

demonstrates the extent the knowledge sharing, communication, and transfer 

between the driver and the navigator can improve code quality.  On top of that, the 

decision has also been decided to take advantage of knowledge sharing platform 

provided by PP that contributes to issuance of better quality students of University 

Utara Malaysia (UUM), Collage of Art in term of Software Engineering. 
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1.7 Research Questions 

Part of solving the problem addressed in the previous section, the following 

questions have to be answered. 

1.  What are the relationships between code quality and knowledge sharing in PP 

practice? 

2.  How to construct a conceptual model of pair programming knowledge-based 

sharing for improving programming skills? 

3.  How to validate the proposed model? 

1.8 Research Objectives 

This study is carried out to solve the problem discussed in the previous section and 

to answer the stated questions.  Hence, the main aim is to propose a PP knowledge-

based sharing model for improving programming skills. In order to achieve the main 

aim, the following objectives are formulated. 

1.  To determine the relationships between code quality and knowledge sharing in 

PP practice. 

2.  To construct a conceptual model of PP knowledge-based sharing for improving 

programming skills. 

3.  To validate the proposed conceptual model. 

1.9 Scope of the Research 

To meet system requirements, in educational extent, this research has been 

conducted at University Utara Malaysia (UUM).  Particularly, first semester students 

of School of Computing (SOC) were involved in the empirical experiment. 



 

 12 

1.10 Significance of the Study 

Literatures show a lack of evidence in statistical data demonstrating the extent of 

knowledge sharing and communication, and that the transfer between the driver and 

the navigator can improve code quality (de Azevedo Santos et al., 2011).  Regarding 

that, the results in this study enrich the empirical evidence. Therefore this study is 

significant to:  

1.  Provide empirical evidence of the relationship between the end-code quality and 

the knowledge sharing in PP environment. 

2.  Propose a conceptual model that can improve programming skills, so this model 

can serve as the guidelines for educators and software practitioners.  

1.11 Conclusion of the Chapter   

This chapter draws the roadmap for this study.  It discusses the problem to be solved, 

which is complemented with research questions and objectives to be achieved. This 

chapter also describes the scope of study and its potential contributions.  Then, 

Chapter 2 follows by reviewing related topics to this study and the prior similar 

literatures to this one.  It is followed with Chapter 3 that outlines the methodology in 

achieving the objectives. Then Chapter 4 that goes through analyzing the data- 

collected and come up with the research findings. Finally Chapter 5 that discusses 

the findings based on the results obtained in Chapter 4. 
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CHAPTER TWO                                                                            

LITERATURE REVIEW 

2.1 Introduction 

This chapter explains the concepts related to the aims of this study including 

Knowledge Management (KM) and its classification, modes, processes, knowledge 

sharing, and tacit knowledge. In addition, this chapter also describes the basic 

technique of PP practice and its relation to the end-code quality. 

 

2.2 Knowledge 

According to Yi (2006), Knowledge is a constructed information and arranged data. 

In 1958, Michael Polanyi has ignited the classifications of knowledge as tacit and 

explicit (Dorairaj, Noble, & Malik, 2012; Jiangping et al., 2013).  Tacit knowledge 

is characterized by Guthrie (1996) as the own experience and expertise of a person 

that is hard to be described and understood by others.  In addition, it is classified as 

the ability of calculation and decision making.  It has also been defined by Li, Wang, 

and Cao (2013) as an applied acquisition of knowledge in a constitution that the 

information is not stated, which makes it very difficult to convey because it is not 

clearly taught or expressed. It is therefore an applied knowledge, which a person 

gains in doing a job everyday instead of through official instruction.  This agrees 

with Kavitha and Ahmed (2011) who previously addressed that tacit knowledge 

preserves in individual‟s mind in the mode of experience, memory, skills, 

inventiveness, and resourcefulness.  This means that tacit knowledge is a resultant of 
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an individual‟s experience stored in mind, which is not easy to be formalized even 

not to be measured facilely and is very context-specific (Ahmad et al., 2012). Factors 

influencing tacit knowledge (TK) includes what the human has mentally ratified 

during learning phase (Billett & Choy, 2013).  Besides not easy to express, it is also 

hard to transfer due to the differences in formulation of speech and understanding 

(Dudley, 2013; Ryan & O‟Connor, 2013) and is difficult to retain (Argote, 2013).  

In contrast, explicit knowledge can be transformed in a form of words, email, data 

(Wan, Wan, Luo, & Wan, 2011) related to tangible resources.  It is supported by  

archived information such as curricula (Murphy & Salomone, 2013), documented 

experiences  (Murphy & Salomone, 2013), and books in addition to web (could be a 

source of tacit knowledge) (Foss, Lyngsie, & Zahra, 2013).  This means that explicit 

knowledge is easy to explain (He, Qi, Xu, & Guiyang, 2013), copy (He et al., 2013), 

and capture (Kimble, 2013; Okumus, 2013), and can be divulged easily (Ahmad et 

al., 2012). 

According to Nonaka and Takeuchi (1995), there is a constant revolution of new 

knowledge in knowledge process, in which knowledge acqusition as well as 

knowledge sharing do not stop or being made to stop at any point in time. 

Knowledge are created and utilized through explicit and tacit knowledge 

interminglingly, which is refered to as knowledge conversation techniques 

(Koulikov, 2011).  They also add that almost all the knowledge is tacit while explicit 

knowledge takes a small portion.  It appears in Externalization stage when tacit 

knowledge is converted to explicit.  Later, it can be reconverted back into tacit form 

in the Internalization stage.  
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2.3 Knowledge Management 

Knowledge management has been defined by various scholars in different ways. It is 

seen as planning, controlling, organizing, and inspiring individuals, systems, as well 

as processes in an establishment so as to enhance knowledge asset and utilize it 

effectively (King, 2009).  To some extent, it is perceived as a procedure in 

organizing knowledge assets in order to achieve learning in the organization 

(Aggestam, 2006; Alipour, Idris, & Karimi, 2011).  Besides, Liao and Wu (2009) 

also address that knowledge management is a technique in acquiring, converting, and 

applying knowledge. 

As the foundation, knowledge creation as well as the transformation of tacit 

knowledge into explicit knowledge according to Jabar, Sidi, and Selamat (2010) and 

Sung and Choi (2013) are recognized as the basic element of knowledge 

management.  It is agreed by Crawford, de and Wang (2009), who found that it is 

achieved through person to person or cluster to cluster interaction.  

Knowledge management techniques, which are ill-defined with agile methodological 

procedures, have been the rationale towards agile practice recognition together with 

software development and project.  This has resulted in a wide recognition of 

software methodologies in various communities.  According to Sharma (2014) and 

Singh et al. (2013), such agile techniques include PP, onsite customer, and scrum 

meetings also enhance knowledge creation, retention, as well as knowledge 

dissemination. Commonly, within any organization individuals are treated with 

many activities concerning knowledge involving acquiring, using, sharing in 

addition to sorting knowledge (Rejab, Omar, & Ahmad, 2011).  
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2.4 Knowledge Management in the Industry 

In the last decades, there have being extensive works concentrating on knowledge 

management in organizations.  It has been discovered that the capability of an 

organization to generate, distribute, and exemplify its knowledge in terms of services 

significantly determines how successful it is.  Kavitha and Ahmed (2011) believe 

that knowledge management domain is all about enhancing the effectiveness of 

knowledge generation, recognition, codification, sharing, and preservation among 

members of an organization.  This explains that high tacit knowledge should be 

transferred into written form, which is explicit to be readable by other persons in the 

organization.  This is applicable to various contexts such as industry (Alegre, 

Sengupta, & Lapiedra, 2013; Kashefipour, Falconer, & Lin, 2002), healthcare 

(Abidi, Cheah, & Curran, 2005; Straus, Tetroe, & Graham, 2013; Straus et al., 2013), 

and  library (Dalkir, 2013).  Similarly, knowledge management has been perceived 

by Alipour et al. (2011) as a technique of organizing knowledge assets towards 

learning in the organization.  These knowledge asset according to King (2009) can 

either be a document or electronic source, which include knowledge management 

system including a database, which is supervised by way of computer-support 

information and communication techniques (Cayaba & Pablo, 2013). 

With regards to transferring tacit knowledge into explicit, which involves experts 

and novices, Nonaka and Takeuchi (1996) suggest four processes as outlined in 

SECI model, which are  (1) Socialization (experts‟ tacit knowledge-novices‟ tacit 

knowledge), (2) Externalization (novices tacit knowledge-other individual‟s explicit 

knowledge) (3) Combination (individual‟s explicit knowledge-group explicit 

knowledge), and (4) Internalization (group explicit knowledge-organizational and 
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individual‟s tacit knowledge).   Later on, SECI‟s four processes were extended into 

six processes by Nissen (2002), which has been applied in non-organizational as well 

as organizational business contexts. It inspires Stankosky‟s (2005) four knowledge 

management types, which include leadership/managerial, organization, technology, 

learning; in non-governmental as well as governmental business contexts. 

2.5 Knowledge Management in Education 

Tacit and explicit knowledge in education describe the relationship between 

lecturers‟ and students‟ knowledge (Dalkir, 2013).  Tacit knowledge refers to 

lecturers‟ ideas and expertise, whereas explicit knowledge is represented by lectures 

via computer, over the Internet, and saved in database (Liaw, Huang, & Chen, 2007). 

Additionally, tacit knowledge is categorized by Leonard and Insch (2005) into three 

categorizations; self-organization and self-motivation (referred to as cognitive), 

individual and institutional tasks (denoted as technical), and social (reflects social 

interaction).  

2.6 Models in knowledge management 

Organizations have adopted knowledge management as a strategy to gather, 

preserve, and analyze rich knowledge in order to gain competitive advantages over 

their competitors.  The following subsections elaborate the models of knowledge 

management. 
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2.6.1  Wiig KM Model (1993) 

It has been proposed that if knowledge management is regimented, it will be very 

valuable (Wiig, 2003). According to Wiig, valuable component in knowledge 

management models include perception, relationship, coherence, 

comprehensiveness, as well as objectives.  Perception and objectives refer to how 

something is known in a specific opinion for a particular goal. Relationship explains 

the association among distinct objects of knowledge.  Comprehensiveness is 

regarding how vital knowledge is offered from a particular source.  However, 

explicit and implicit knowledge in terms of knowledge from individual remain as the 

spring of knowledge.  In a situation where concepts, piece of information, and 

interpersonal connection between the entities are in accord, such knowledge are said 

to be coherent. Therefore, for practitioners to assume an advanced technique in 

knowledge source supervision, knowledge management is very vital. 

2.6.2 Schultze and Leidner caution (2002) 

The knowledge management model by Schultze and Leidner (2002) argues that 

knowledge and how knowledge is shared are regularly indiscriminating and 

importantly normative in order to degenerate and overlook the continuum.  

According to  Kavitha and Ahmed (2011), knowledge is very much beyond an 

indispensable quantity of accrued data, which exist unfamiliar with the people, 

which are to be stored, maneuvered, and transmitted on the basis of a specific 

transferring device. 
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2.7 Elements of Knowledge Management 

Technology, management, and organization are the elements of many knowledge 

management models.  According to Tobin (1998), the infrastructure of Information 

Technology includes the repository for knowledge, which stores all the common 

information concerning the company and knowledge directory, which indicates 

where the data is stored.  Other knowledge management elements are in form of 

systems related to experts and integrated performance.  

 Organizationally, knowledge management elements follow the roles of Davenporant 

and Ptuzak (1998), who categorize knowledge based on persons‟ roles within an 

organization.  They classify roles into four groups which are: knowledge-oriented 

person – all people use and  manage the knowledge in their daily work; knowledge 

management managers specialists – who manage knowledge stored in the repository; 

knowledge project manager – system developers who analyze the project and 

coordinate team members;  and chief knowledge officer – serves as an advocate or 

evangelist for knowledge, who also involve in learning, designing, implementing, 

and overseeing the organization‟s knowledge infrastructure, and act as the primary 

liaison between external providers of information and knowledge. 

 

2.8 Knowledge Sharing 

In any organization, there is a need to administer the knowledge shared. The 

importance of knowledge sharing in educational context  highlights when there is a 

need to confirm that the students are able to understand the needs analysis (Ahmad et 

al., 2012) and the knowledge that comes together and as their consequence.  
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Knowledge sharing, as maintained by agilest, is an answer to the current challenges 

and popular difficulties of software development.  It is the main part of knowledge 

management and a critical mission in the processes in Agile (Rejab et al., 2011). 

Further, it is an organized process including investigating, selecting, reorganizing, 

fixing in addition to delivering the information that can improve personal skills when 

attending  field (Sommerville & Craig, 2012).  According to Crawford et al. (2013), 

the essence of interaction and collaboration in software development is stressed by 

the agile values and principles. However, collaboration which includes creative work 

can be expressed as interaction connecting individuals to a socio-cultural setting. 

Based on the literature, the knowledge lifecycle can be summarized in Figure 2.1  

 

        Knowledge    =    creation     +    codification     +       transfer   +   application   

        Lifecycle          (brainstorm)     (programming)        (production)        (use)  

  

Figure 2.1. Relationship of elements in related to knowledge sharing 

2.9 System Development Methods   

Dorairaj et al. (2012)  address that system development is a progression of 

knowledge concentrated program that involves collations of needs. Examining 

problems, coding, inventing, assessing, as well as making sure that software are 

current and free from errors are among the activities.  The rapid progress in 

Information Technology industry has increased the needs of ICT to contribute in 

prosperity of individuals and automation of human activities.  Among many system 

development methodologies, Agile has emerged and has gained good worldwide 

reputation (Crawford et al., 2013).  It encompasses recognized rules from 
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conventional style to the development of software, which includes iterative and 

simple concept intended for quick development and distribution of efficient 

software, serious client partnership, great quality, reduced cost, as well as 

enthusiasm in the period of continuous changes of a project (de Azevedo Santos et 

al., 2011).  Over the last decades, there has been a shift from conventional software 

development techniques, which exhibits that Agile technique has been given a highly 

positive reception (Crawford et al., 2013). 

 

2.10 Agile 

In reaction to the concerns on ideational techniques, which include waterfall 

technique, Agile has been a frivolous model for software development (Dingsøyr, 

Nerur, Balijepally, & Moe, 2012; Santos et al., 2013; SOUZA, 2012).  It is because 

Agile meets the volatile needs of stakeholders, that sharing knowledge is a 

considerable way to overcome challenges in developing systems.  To deliver a 

creative work, respond to volatility, deal with frequently changing demands of 

stakeholders, Agile team must be shielded with cross-functional members through 

collaboration of customers with developers and their interaction as well as frequent 

meetings.  In fact, according to Crawford et al. (2013), Agile has achieved a 

universal recognition for its potentials in enhancing software teams‟ efficiency in 

numerous degrees by way of encouraging team‟s focus atmosphere, inspiring 

individuals, and concentrating on the clarity and outcomes of a project. 

Additionally, Agile teams according to Dorairaj et al. (2012) overlap efficient teams 

that enhance knowledge sharing about specific project by means of physical and 
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effective conversation as well as partnership with stakeholders.  However, Agile 

teams usually have to struggle to be all well-informed and therefore, sharing of 

knowledge among team members is very essential towards the accomplishment of 

Agile projects.  

Various studies on the implementation of eXtreme Programming techniques include 

the interpretation and enhancement of team communication that improves the 

capability of Agile project; qualitative enhancement of commitment, as well as 

interaction among team and compliance of experts in the developmental project. 

According to SOUZA (2012), in terms of interaction among mankind, coordination 

and cooperation in an atmosphere of self-motivated team is important.   

As the popularity of eXtreme Programming has increased (Kent & Selic, 2000), the 

practice of PP has continued to draw much attention in the eXtreme Programming, 

granting PP opportunity to attract programmers' attention (Lui, Barnes, & Chan, 

2010).  This is because it encourages the creation of tacit knowledge among team 

members and encourages knowledge sharing particularly through release and 

iteration planning, PP, and on-site customers (Dorairaj et al., 2012). 

 

2.11 Pair programming (PP) 

PP is a collaborative programming manner of eXtreme Programming practices of 

Agile software development family.  What distinguishes PP from other collaborative 

programming styles is the terms: "driver", "navigator" and the technique they adapt 

to process a task (Chigona & Pollock, 2008), who sit at the same workstation with 

only one set of screen, mouse, and keyboard.  The two persons are imposed to 
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design, code, diagnose, and develop a project (Berenson et al., 2005; di Bella et al., 

2013b; Jo Erskine Hannay et al., 2010; Lui et al., 2010; Porter et al., 2013). In the 

practice, both programmers enthusiastically interact among them utilizing role-base 

procedure (Williams, 2007).  The PP in the industry sector according to Beck (2001) 

has been promoted by Agile programming techniques which include eXtreme 

Programming. However, PP usage earlier that 1990s in the field of computer science 

have not been found (Rimington, 2010). The driver is one of two PP partners who 

code for solving the problem (di Bella et al., 2013b; Sajeev & Datta, 2013; Williams, 

2010; Wray, 2010) while the navigator observes driver‟s job while on the keyboard. 

However he has strategic duties; brainstorms  the whole structure, focusing on 

tactical errors, feeding  the coding with proper alternatives (di Bella et al., 2013b; 

Sajeev & Datta, 2013). Although the navigator may sit for a long time with saying 

nothing, just observing coding process, especially when the driver is proceeding 

well, it does not give bad impression of misunderstanding what is going on.  Both 

partners must remain vigilant and ready to guide the driver and  pick errors up along 

the work (Sajeev & Datta, 2013; Wray, 2010).  The roles are scheduled for a switch. 

  

2.12  The way PP session is conduct 

PP involves two individual programmers (the drivers and the navigators), acting as 

a team via similar algorithms, design, code, and test using the same computer. The 

driver is in charge of inputting device in order to produce the code.  Meanwhile, the 

navigator constantly and enthusiastically assessing the work of the driver to see if 

there is any flaw, consider other substitute, think through strategic inferences, as 



 

 24 

well as asking questions. By so doing, recognizing the strategic paucity in the 

process of coding is also the role of the navigator.  However, the roles as the 

navigator and the driver often swap, to improve their work in one way or another 

by practicing and learning appropriate skills when there are changes in their work 

routine, which occurs at the instance of natural transition during the coding pursuit 

(Porter et al., 2013; Sajeev & Datta, 2013; Werner et al., 2013).  

 

2.12.1 PP in Academia 

In academia, Williams et al. (2008) believe that PP is a good solution for preventing 

students from being uncertain of their programming creativity and may disappoint 

them or damp their interest in programming, especially when having to deal with 

unexpected challenges that may arise as in solo programming.  In addition, PP also 

enforces them to improve their social skills as they communicate with each other, 

increase creativity sense, and starving for knowledge in IT-required businesses.  

Also they claim that PP is beneficial for teachers too, by damping workloads while 

managing less number of students‟ assignments as opposed to individual ones. 

 

2.12.2 PP in Industry 

In the industry Sajeev and Datta (2013) agree with prior studies that expert 

programmers show better performance when they are involved in complex  missions.  

Since Agile methods such as eXtreme Programming began to play significant role in 

IT industry, novice programmers and engineers need to be familiar enough with PP 
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aspects.  In accordance, they propose striking tips.  Among others, give the 

programmers new PP teammates, ensuring training to be familiar with shared 

computer set.  Also, examining the possibility of using same computer with 

duplicated screen, keyboard, and mouse is applicable.  Nevertheless, making the 

keyboard and mouse activated/deactivated with simple action when they swap their 

roles is helpful.  PP is meaningful as compared with solo programming in case of 

complex issues.  The only reason behind that new programmers and engineers are 

assigned with simple work under PP umbrella is to enrich team spirit, confidentiality 

of solving problems before proceeding to attend complex missions. 

 

2.13 Agile Software Development Adoption to Knowledge Sharing 

According to Cockburn (2004), the sharing of knowledge has been viewed as the 

main part of Agile because of its basic anticipation towards high quality and valuable 

software in brief statement on tacit knowledge, which are built among the teams in 

charge of a project through physical interactions in order to enhance competitive 

benefits towards the customers, as well as traverse efficient teams.  Because of its 

brief and repetitive feature and minimal records, Boden et al. (2009) view knowledge 

sharing as a vital undertaking in Agile (Souza, 2012). However, Agile methods 

including eXtreme Programing promote collaborations and stress physical tacit 

sharing of knowledge within the teams and their clients or stakeholders (Beck & 

Andres 2004; Schwaber, 2004; Singh et al., 2013).  
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2.14 Pair Programming and Knowledge Sharing 

Agile practices concern on the management of tacit Knowledge (Singh et al., 2013). 

In academia context, many studies have been carried out (discussed in the previous 

section).  Further, in the context of CS,  PP tactics highly support knowledge sharing 

(Rejab et al., 2013) towards knowledge acquisition and sharing, in which the 

individual relationship and association is very paramount.  Though with high 

financial implication, PP has been acknowledged as a vital tool for knowledge 

sharing among members of a project team.  In fact, according to Kashif and Kelly 

(2013), formal knowledge sharing in a workshop or project assessment meeting has 

also been useful in improving team members‟ capabilities.   

Earlier, SOUZA (2012) urged that knowledge sharing is an essential technique of 

knowledge management that steadily changes as well as enhances the performance 

of an organization.  In response to that, Du (2007), argued that it is connected to 

long-established organizational effectiveness and accomplishment, which is chained 

to Cummings (2004) who stressed that knowledge sharing is about solving problems, 

carrying out policies and techniques, acquiring new initiative through expertise 

collaboration, and supplying relevant information about the task to be accomplished.  

However, the knowledge seeker and the knowledge provider must be in an accord in 

order to share knowledge.   

In short, Table 2.1 compares PP with knowledge sharing. When conducting a PP 

session, the driver and the navigator both share majority tacit knowledge and 

somewhat explicit knowledge (Chau & Maurer, 2004).  Based on the literatures, also 

as mentioned in previous sections concerning ease of utilizing the explicit 

knowledge in terms of ease of understand, explicit knowledge can be seen in the 
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form of numerals and words (Fengjie, Fei, & Xin, 2004; Ho, 2003; Nonaka & 

Konno, 1998).  However, tacit knowledge is fed by opinion, expert,  and think of a 

human (Gerard, 2003) as well as strategy of decision making (Brockmann & 

Anthony, 2002).  As  claimed by Gerholm (1990) tacit knowledge is a reflection of 

learning experience. Therefore tacit knowledge can be acquired along with PP 

practices between the driver and the navigator to produce skills of learning, thinking, 

and decision making (Rejab et al., 2011). 

Table 2.1 

PP and Knowledge Sharing 

Pair  Programming Knowledge Sharing 

Two partners: navigator and driver Two partners: contributor and receiver 

Navigator: participates with the driver 

by addressing alternative ideas in 

attempts to solve the problem.  The best 

alternative will be selected. 

Contributor: subscribes some of his 

expertise and sends it to the receiver, who 

will add it to his own knowledge base. 

Driver: writes codes brainstormed with 

the navigator. 

Receiver: guided by the contributor. 

Partners share place and computer to 

solve problems unless they use 

distributed PP (no time and place 

limitations). 

Contributor and receiver  communicate 

over knowledge sharing space (e.g., .net 

meeting, team viewer, yahoo messenger) 

2.15  Correctness of Code Quality 

Previous study has stressed that quality attributes are the main determinants that 

impact the run-time behavior, system design, and the user experience. The contents 

of programming quality attributes could be recognized as conceptual integrity, 
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maintainability, reusability, availability, interoperability, manageability and 

performance. Others are reliability, scalability, security, supportability, testability, 

and usability.  Mahdavi-Hezavehi, Galster, and Avgeriou (2013) mention that the 

importance of quality attribute cannot be over emphasized as it has great impact on 

the characteristics that affect the quality of the software systems. This is a result of 

descriptions that quality attributes give to the system in order to balance some 

specified requirements. 

In addition, quality attributes are described as guide that merges different quality and 

frameworks like IEEE standard for a software quality metric methodology or ISO 

standards (Abran, Moore, Bourque, Dupuis, & Tripp, 2004). In other words, the 

guideline, which is sometimes referred to as SWEBOK characterizes quality 

attributes as discernible, which are performance, security, and availability. On the 

other hand, quality attributes that are not discernible at runtime are recognized as 

modifiability, portability, and reusability. In some cases, quality attributes are found 

related to architecture‟s intrinsic qualities as conceptual integrity and correctness 

(Abran et al., 2004; Bass, Clements, & Kazman, 2003). 

 

Additionally, program‟s code correctness has been the main issue in analyzing and 

working on the issues affecting the code quality in programming environment 

(Markoski, Hotomski, Malbaški, & Obradović, 2013). Researchers have argued that 

correctness of the codes could be achieved through the means of manual design and 

manual confirmation, which are not similar with automatic confirmation approach 

(Dijkstra, 1993; Iranzo, 2002). Also, one of the issues in code correctness 

characteristics is the compiler‟s correctness itself, which is a step-forward for 
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achieving software correctness and reliability. This is as a result of current software 

development that is written in higher programming languages and requires 

translation in to machine code (Blech & Glesner, 2004).  Further, Blech and Glesner 

(2004) stressed that correctness of codes or programs requires a formal semantics of 

the main programming languages, which could be intermediately  represented based  

on the focused language. Besides that, researchers have however argued that 

assumption of testing the input data value should be considered heavier than the 

produced output in related to the correctness of code characteristics (rey Voas, 

1996). Consequently, correctness of code or program should embed aspects 

including safety of code, failure tolerance, and testing of vulnerability in the 

characteristics of code correctness.  

2.16 Code Quality and Pair Programming 

One of the outcomes of PP, as claimed by Cockburn and Williams (2000) and Wood 

and Kleb (2003) is shorter length of code. According to Ciolkowski and Schlemmer 

(2002) and Cockburn and Williams (2000) shorter code is an indication to 

improvement in underlying design.  Besides, PP reduces rate of defect (di Bella et 

al., 2013a; Jensen, 2003; Tomayko, 2002; Williams, 2001).  They also agree that a 

large number of successful test cases were achieved when utilizing PP. 

2.17 Conclusion 

This chapter reviews the underlying concepts of this study. The way the concepts 

were utilized in the previous works are discussed at length, giving ideas to this study. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter describes the methodology used to achieve the objectives outlined in 

Chapter 1. It explains the type of research that has been conducted, the sampling, and 

methods for collecting data.  Statistical techniques are used to analyze the data, 

hence they are explained briefly. 

 

3.2 Research Design 

The nature of this study is quantitative, which is based on a positivistic approach and 

is explained in terms of variables, hypotheses, and units of analysis (Neuman, 1997). 

This study aims to test the suitability of the proposed model based on SECI model in 

improving programming skills among students in higher learning institutions. 

Therefore, to achieve the main aim, this study employs experimentation in order to 

test the effectiveness of the SECI model.  While the SECI model is based on Nonaka 

and Takeuchi (1995), the experimentation process is adapted from Wohlin et al. 

(2012)  In short, the relationships of the goals, questions, and objectives of this study 

are outlined in Table 3.1.  
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Table 3.1   

Relationships of Goals, Research Questions, and Research Objectives 

Goal Research Question Research Objectives 

1 

Investigate the 

relationships between 

code quality and 

knowledge sharing in 

PP practice. 

What are the relationships 

between code quality and 

knowledge sharing in PP 

practice? 

 

To investigate the 

relationships between code 

quality and knowledge 

sharing in PP practice. 

2 

Construct a conceptual 

model of pair 

programming 

knowledge-based sharing 

for improving 

programming skills. 

How to construct a conceptual 

model of pair programming 

knowledge-based sharing for 

improving programming 

skills? 

To construct a conceptual 

model of pair 

programming knowledge-

based sharing for 

improving programming 

skills. 

3 
Validate the proposed 

model. 

How to validate the proposed 

model? 

To validate the proposed 

model. 
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Table 3.2 highlights how the three objectives of this study have been achieved in 

related to the stages of the methodology followed. In addition, the stages involved 

are shown in Figure 3.1.   

Table 3.2   

Relationships of Objectives, Stages and Deliverable 

Research objectives Phase Deliverable 

1 

 

To investigate the 

relationships between code 

quality and knowledge 

sharing in PP practice. 

 

    Preliminary Study Empirical evidence  

relationships between 

code quality and 

knowledge sharing in PP 

practice. 

SECI Model and 

Quality 

2 

 

To construct a conceptual 

model of pair programming 

knowledge-based sharing 

for improving 

programming skills. 

 

 Experimental process  Conceptual model of pair 

programming 

knowledge-based 

sharing for improving 

programming skills. 
   Experiment planning 

3 

 

To validate the proposed 

model. 

 

Experimental operation 

 

     Validated model. 

  

Analysis and 

Interpretation Using 

SEM Approach 

 
 

Discussion and 

conclusion 
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Define Research Context 

Model Building 

Preliminary Study 

 

SECI Model and 

Quality 

Analysis and Interpretation Using SEM 

Approach  

 

Discussion and Conclusion 

 

Experimental Process 

Context 

Selection 
Variables 

Selection 

Instrument 

Subject 

selection 

Experimental 

Design Validity 

Evaluation 

Experiment Operation 

 

 

 

 

 

 

 

 

Model Validation 

 

 

 

Experiment Planning 

        

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Research Process 
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3.3 Define Research Context 

Initially, this stage defines the problem, reviews the literatures to understand the 

concepts, theories, and to discover previous studies related to PP practices, 

knowledge sharing, and the quality of program.  The readings were made on online 

references including from journals, books, and related papers.  Eventually, sufficient 

knowledge has been acquired. The acquired knowledge was helpful to identify the 

problem, defining the scope, and clarifying the objectives of this study. 

3.4 Preliminary Study 

A preliminary study was carried out by using questionnaires. The questionnaire in 

Appendix A is adapted from Rejab et al. (2013) and was distributed to students 

enrolled in  PP  lab experimentation and were gaining experiencing in fundamentals 

of java programming language. Having collected the data, the correlation was 

determined between knowledge sharing and PP in educational extent and a 

comparison was made between two PP models, in which SECI model has been 

adopted by one of the PP models. The results from this stage reveal influencing 

factors of both, (1) students‟ performance based on the quality of the program and 

(2) knowledge sharing by using SECI model in PP practices. 

3.5 Experiment Definition  

Experiment definition is the first stage of experimentation process, which was 

adapted from the experimentation in software engineering (Wohlin et al., 2012).  The 

stage identified the experiment goals based on the research questions. 
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With reference to Table 3.1, only the first and the second goals were involved in the 

experimentation, which aimed to investigate the relationships between knowledge 

sharing and quality of program in PP practice. Once the experimentation goals have 

been decided, the next stage (experiment planning) was conducted as discussed in 

the next section. 

3.6 Experimental planning  

Several activities were included in this stage, as outlined in the following sub-

sections. 

3.6.1 Context Selection 

Context Selection is the first experiment planning activities. Undergraduate students 

were chosen to be the subjects for the experiment because experimenting with 

students is controllable and easy to replicate. They were required to apply two 

different PP assignments in four labs; two labs for each of the assignment, in which 

the level of difficulty was ensured somewhat similar.  The roles of driver and 

navigator were swapped once for each assignment. Besides, SECI model was applied 

during the second assignment. This is important to suit the aim of the study, which is 

to validate the proposed conceptual model of PP knowledge-based sharing for 

improving programming skills.  Additionally, this study proposes to use SECI model 

for knowledge transfer between the driver and the navigator in PP  practice as shown 

in Figure 1.3.  
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3.6.2 Hypothesis Construction 

The hypotheses were derived and formulated based on the experimentation definition 

as clarified in Section 3.5. Each hypothesis is defined in Table 3.3. 

Table 3.3 

 Hypotheses Of The Study 

NO Hypothesis Codification Description 

1 H1 
S   

NS
    CQ The Socialization process contributes 

positively to student‟s code quality 

without employing SECI process.           

2 H2  E   
NS

    CQ The Externalization process contributes 

positively to student‟s code quality 

without employing SECI process.           

3 H3  C 
  NS

   CQ The Combination process contributes 

positively to student‟s code quality 

without employing SECI process.           

4 H4   I   
NS

    CQ The Internalization process contributes 

positively to student‟s code quality 

without employing SECI process.           

5 H5 S   
YS

    CQ The Socialization process contributes 

positively to student‟s code quality with 

employing SECI process.           

6 H6  E   
YS

    CQ The Externalization process contributes 

positively to student‟s code quality with 

employing SECI process.           

7 H7  C 
  YS

   CQ The Combination process contributes 

positively to student‟s code quality with 

employing SECI process.           

8 H8   I   
YS

    CQ The Internalization process contributes 

positively to student‟s code quality with 

employing SECI process.           

9 H9 SECI      CQ SECI process contributes positively to 

student‟s code quality. 
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3.6.3 Variables Selection  

All variables were specified before conducting the experiment.  It was helpful in 

overcoming the validity threats (Erdogmus, 2005).  Figure 3.2 shows a legend for 

NSNR, NSYR, YSNR, YSYR for  the independent and dependent variables 

involved in this study.  

  

 

 

       

 

 

 

    

    

                     Independent variables                     Dependent variable 

 

 

 

The independent variables in Figure 3.2 refer to the purpose of this study, which is in 

a form of PP assignments. To evaluate the quality with SECI model, the independent 

variables undergo the experimentation process. Meanwhile the dependent variables 

refer to the effects to be measured. The dependent variables are code quality and 

elements in the SECI model, which are Socialization, Externalization, Combination 

and Internalization. 

 

Figure 3.2. Independent and dependant variables 

  Code Quality 

SECI   Model 

Combination 

Externalization 

Socialization 

 

  Internalization 
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3.6.4 Subjects Selection 

This study utilizes non probability sampling, particularly purposive sampling. 

Purposive sampling is a technique to pick up a sample based on the needs of the 

study (Cohen, Manion, & Morrison, 2000). In addition, it is based on a consideration 

in gaining a representative sample of the people (Lavrakas, 2008). On that basis, 

undergraduate students of Collage of Arts and Sciences (CAS) at Universiti Utara 

Malaysia (UUM) were selected to involve in the experiments. The learning zone 

(UUM‟s learning management system) has been used to announce the call for 

participation. This ensures that all participants involved in the study on voluntary 

basis. They were motivated by given SIRA marks (marks for participating in co-

curriculum activities). Altogether, 108 students participated who were familiar with 

the fundamentals of Java programming.   

They were required to solve two Java programming assignments, assigned by the 

lecturer.  They reflect students‟ performance in PP practices through pre and post 

applying SECI phases.  Additionally, the participants were required to answer a set 

of questionnaire that reflects their perception on knowledge sharing between pair 

programmers in presence of SECI model. 

 

3.6.5 Experiment Design 

This study concerns on testing the knowledge sharing through applying SECI model 

and its relationship with the quality of the end-program. In addition, this study has an 

intention in the manipulation of variables. Hence, the decision in conducting 
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IV
 

 

experiment using repeated measures were taken. This makes every student involved 

in different situations in the experiments. 

Four conditions of programming practices were included in this study, which are 1) 

PP without applying SECI for knowledge transfer in cases of no rotation among 

pairs denoted by NSNR and 2) with rotation denoted by NSYR. Also, 3) PP with 

SECI model in cases of no pair rotation denoted by YSNR and 4) with rotation 

denoted by YSYR. In short, the repeated measure design is shown in Table 3.4. 

 

Table 3.4 

Repeated Measure Design 

      V  
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Dependent Variable  (Code Quality) 
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Socialization 

 

Socialization 

 

Socialization 

 

Socialization 

Externalization Externalization Externalization Externalization 

Combination Combination Combination Combination 

Internalization Internalization Internalization Internalization 

    

 

  

Table 3.4 explains that every student pairs applied four different programming 

practices at different times. This ensures the reliability of the gathered results.  The 

design is further detailed in Figure 3.3. 
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Figure 3.3. Lab experiments 

Referring to Figure 3.3, the first and the second lab experimentations were concerned 

with PP practice with the absence of SECI implication for knowledge sharing. 

Meanwhile the third and fourth lab experimentations were incorporated with SECI 

model.  Same questionnaire was distributed to the participants to measure their level 

of knowledge during lab activities. For the purpose of conducting effective lab 

experiments and to reduce the effects of biasness, several procedures were taken as 

detailed out in the next sections.  Further, to ensure proper PP sessions in terms of 

interaction and collaboration, the roles of the instructor and the participants were 

specified in the following guidelines: 

Roles of instructor: 

1.  Brief students on PP and its practices. 

2.  Give students chance to choose their adequate pair programmer. 

3.  Support novice participants with tips in case of difficulty to encourage them to 

proceed well in completing the task. 

3
rd

 lab assignment (YSNR) = (SECI + no PP)              code quality 

1
st
 lab assignment (NSNR) = (no SECI + no PP)              code quality 

2
nd

 lab assignment (NSYR) = (no SECI + PP)             code quality 

4
th
 lab assignment (YSYR)  = (SECI + PP)              code  quality 
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4.  Explain the problems to the participants in some ways without highlighting the 

answer except for novice participants who could be supported with tips 

especially in the early stages. 

5.  Trace the deployment equality in participation between the pair programmers. 

Roles of the participants: 

1. Free to choose their adequate pair partner. 

2.  Ask the instructor for guidance in case of necessary. 

3.  Discuss with the partner to come out with proper results. 

4.  Switch the roles (in pairs) as scheduled.  

 

a. First Lab Procedure 

In the first lab (the NSNR), after the participants were briefed on the concepts and 

practices of PP, they were free to select their partner. The pairs were given one hour 

to solve an assignment in Java programming, in which the sufficiency of time to 

solve the assignment was highly ensured. The pairs were not scheduled to swap the 

members‟ roles during this lab, implicating that each member of the pairs was either 

a driver or a navigator until the end of the assignment.  The session was monitored 

closely by a group of lecturers and the researcher.  After participants finished the 

task, they were given another programming question consisted of three sub tasks. 

 

 

b. Second Lab Procedure  

The second lab (the NSYR) was also given one hour, but with roles rotation between 

the members of the pairs. This enables each member to be a driver for half an hour, 
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while as a navigator for another half an hour. Similarly, the set of questionnaire in 

the first lab was distributed in this second lab too. 

Meanwhile, the third and fourth labs were conducted to investigate the quality of the 

program in the presence of SECI model in PP practice.  The equality in terms of the 

level of difficulty of the assignments in the four lab sessions was highly ensured.  

For better implementation of SECI processes, the participants were instructed with a 

set of guidelines (Table 3.5) before conducting the third lab. This might positively 

affect the knowledge sharing between the diver and the navigator of the pairs, and 

accordingly might impact on final program coding.  

Table 3.5 

SECI Guidelines 

SECI Stage Guideline 

Socialization Each participant has to think in depth  to come up with a program 

that solves the problem. 

Externalization The members of the pairs need to share by writing a draft code of 

the program. 

Combination The participants can refer to the Internet, software book, or any 

source to support their programming. 

Internalization Once participants are satisfied with the output code, they can write 

and run it using the provided computer. 

  

c. Third Lab Procedure  

The third lab (YSNR) was also run in one hour. It was conducted to investigate the 

quality of the program with the presence of SECI and without pair rotation within PP 

environment. Participants were required to keep the roles of a driver or a navigator 

until the end of the session. After the participants finished the assignment in the third 
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lab session, a set of questionnaire was distributed before proceeding with the fourth 

lab session.  

 

d. Fourth Lab Procedure 

Similarly, one hour was assigned for the fourth lab (YSNR).  The aim was to 

investigate the quality of the program with the presence of SECI, and with pair 

rotation as illustrated in Figure 3.3. The members of the pairs were required to 

switch the roles as a driver and a navigator after the first 30 minutes. 

 

3.6.6 Instrumentation 

The use of instrument provides a mean to perform and monitor the experiment.  In 

this study, a questionnaire was used. The questionnaire was adapted from SECI 

model in educational context, which includes Socialization, Externalization, 

Combination, and Internalization dimensions (Mazida, 2010). The questionnaire 

distributed at the end of the second lab session was also distributed to the 

participants before solving the assignment of the fourth lab session. 

The instrument contains 31 items, asking participants‟ perception towards teaching 

materials, students, lecturers, and the resultant, which refer to independent of 

learning, independent of thinking, and independent of decision making. All items in 

the questionnaire were measured using a five (5) point Likert scale.  In detail, 1 

refers to strongly disagree, 2 refers to disagree, 3 refers to do not know, 4 refers to 

agree, and 5 refers to strongly agree. Items were constructed based on knowledge 

management criteria by Anantatmula and Kanungo (2005), elements of pedagogical 
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learning environment (Ally, 2004), and factors defining the efficiency of learning  

programming in coordination with the process of knowledge management (Nonaka 

& Takeuchi, 1995). Experts have reviewed the content validity.  Besides, the 

reliability of the instrument is high, with Cronbach Alpha 0.91. Instrument is 

available in Appendix A. In order to validate the model five validities have been 

conducted which are validity evaluation, internal validity, external validity, construct 

validity and conclusion validity. 

3.6.7 Validity Evaluation 

Several threads of validity should be taken into consideration when conducting 

experiment and needed to be reduced. For this study, the threats of validity include 

internal, external, construct, and conclusion validities. They are discussed in the 

following sub-sections. 

3.6.7.1 Internal validity 

This threat is a measure to what extent the participants conform to programming 

practices used.  There is a possibility that the participants do not follow the practice 

properly. Thus, they were briefed on the concepts and practices related, guidelines, 

and examples have been distributed to them. In addition, a group of lecturers and the 

researcher monitored them to ensure they conform to the assigned programming 

practice.  
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3.6.7.2 External validity 

External validity concentrates on whether claims for the generality of the results 

were justified depending on the nature of the sampling involved in the study. This 

study employs students as the participants. On the basis of the differences in 

programming settings, experience and software development tools in industrial 

framework, generalizing the findings to industry may be impossible.  Thus, this 

study can be generalized based on the students, who have basic programming 

background. 

3.6.7.3 Construct validity 

The correct interpretation and the right measuring for the theoretical construct take 

much interest of the construct validity. Therefore, to ensure the selected variables 

reflect the construct of the cause and effects well for this study, the researcher 

requested the lecturers to give feedback of the Java programming assignments 

submitted by the participants to assess the performance of the participants in term of 

the quality of programming assignment.  

3.6.7.4 Conclusion validity 

Conclusion validity focuses on whether other researchers will be able to replicate 

and gain similar outcome in case of following the procedures as the original study 

when conducting an experiment. For that purpose, the experimental procedure was 

documented and detailed out in the current study precisely.  Perfectly, it is not 

possible to eliminate the whole threats while conducting an experiment. As an 

example, while conducting a lab session for the experiment, in order to minimize 
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threats to internal validity, many exotic variables are needed be controlled. In fact, it 

is nearly difficult to control the variables, while conducting a field experiment, 

despite that this experiment may increase the external validity of the study.  Thus, 

the experiment is needed to be carefully designed for the sake of minimizing the 

threats to achieve validity.  

3.7 Operation 

The experiment was conducted after carefully planned.  In this stage, all the 

procedures, training materials, and instruments were prepared and carried out.  A 

preliminary study for the current research has been conducted as discussed in  

Ahmad et al. (2012). 

3.8 Analysis and Interpretation 

To meet the research objectives, quantitative analysis was used.  For the purpose of 

testing the determined hypotheses, Structural Equation Modeling (SEM), which is an 

analytical technique involves measurement errors to understand the influencing 

indicators (Kline, 2005) was run. Also SEM was used to examine whether the 

conceptual model fits with the collected data through the experiments.  

In this study, Partial Least Square (PLS) is employed, utilizing SmartPLS 2.0 as the 

tool. This is because PLS can be used to avert the limitations of co-variance-based 

SEM with regards to distributional properties, measurement level, sample size, 

model complexity, identification, and factor interdependencies (Chin, 1998; Fornell 

& Bookstein, 1982). Urbach and Ahlemann (2010) stated the criteria for choosing 

PLS, i.e. PLS makes fewer demands regarding the sample size than other methods 
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and the input data is not necessarily normally distributed data. Also, it can be applied 

to a complex SEM with large number of constructs and is able to handle both 

reflective and formative constructs. Covariance based SEM like AMOS is used to 

test or confirm on the existing theory or model, but PLS can be used for theory 

confirmation or theory development, which includes using to develop prepositions 

by exploring the relationship between variables (Chin, 1998). Since the model in this 

study is conceptualized based on literature review, then PLS is applicable. 

3.9 Summary of the chapter  

This chapter details out the research methodology that has been carried out from the 

early stage of the study. It begins with research definition, followed with 

experiments, the instrumentation, and then going through the process of model 

validation. 
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CHAPTER FOUR 

RESEARCH FINDINGS 

 

4.1 Introduction 

This chapter presents the results and analysis of data using the International Business 

Management (IBM) Statistical Package for Social Sciences (SPSS) version 20 and 

the SmartPLS 2.0 tools. The chapter commences with a description of the analysis 

that has to do with profile of the participants. Then, the chapter discusses the analysis 

of measurement model and structural model, which is specifically focusing on the 

formulated hypotheses.  

 

4.2 Descriptive Statistics of Respondents for Experiments 1 and 2 (NSYR & 

YSYR) 

The statistical frequency distribution of variables in the questionnaire was classified 

and presented in a way to reflect the originality of this study. As discussed in 

Chapter 3, NSYR is a denotation to the experiment in which PP session was 

conducted without applying SECI process but with rotation in the roles of the 

members of the pairs. Meanwhile, YSYS denotes the experiment with the 

incorporation of SECI and pair rotation.  

Based on that, the descriptive analytical tables for experiments 1 (NSYR) and 2 

(YSYR) were exhibited for proper data analysis and further analysis as shown in 

Tables 4.1 and 4.2. In experiment 1, Table 4.1 shows that 27 (25%) of the 

participants were male and 81 (75%) were female (from the total 108 participants).  
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13 (12%) of them aged between 18 and 20 years, while 86 (79.6%) were between 21 

and 23 years old.  The remaining 9 (8.3%) were between 24 and 26 years old.  

 

Table 4.1 

 Demographic Statistics of Experiment 1 (NSYR) 

Variables / Factors Frequency Percentage 

Gender   

Male 27 25 

Female 81 75 

   

Age   

18-20 13 12 

21-23 86 79.6 

            24-26 9 8.3 

   

Program    

Bsc Information Technology 55 50.9 

Bsc Computer Science 2 1.9 

Bsc Multimedia 47 43.5 

Bsc Education 1 0.9 

             Bsc Business Mathematics        2       1.9 

             Bsc Networking        1       0.9 

   

Course Subjects   

Database 63 58.3 

Introduction to Programming Java 28 25.9 

System Analysis and Design 3 2.8 

Basic Programming 5 4.6 

Expert System 3 2.8 

Software Engineering 2 1.9 

Artificial Intelligence 2 1.9 

Basic Networking 2 1.9 

Semester    

Semester 1 5 4.6 

Semester 2 24 22.2 

Semester 3 20 18.5 

Semester 4 54 50.0 

Semester 6 5 4.6 
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From the 108 participants, 55 (50.9%) of them were undergoing Bsc. Information 

Technology program, while only 2 (1.2%) participants were studying Bsc. Computer 

Science.  The other 47 (43.5%) participants enrolled for Bsc. Multimedia.  The 

remaining are 1 (0.9%) for Bsc. Education, 2 (1.9%) for Bsc. Business Mathematics, 

and 1 (0.9%) for Bsc Networking.  In detail, during the data collection, 63 (58.3%) 

participants took Database course, the largest percentage. It is followed by 

Introduction to Java Programming (28 (25.9%) participants), Basic Programming (5 

(4.6%) participants), System Analysis and Design and Expert System (both 3 (2.8%) 

participants), and Software Engineering, Artificial Intelligence, and Basic 

Networking courses (all with 2 (1.9%) participants). The statistics also show that five 

(4.6%) participants were in semester 1, while 24 (22.2%) respondents were in 

semester 2. The other 20 (18.5%) respondents were in semester 3, 54 (50%) in 

semester 4 and 5 (4.6%) respondents were in semester 6.  

 

On the other hand, the descriptive statistics of experiment 2 (YSYR) as shown in 

Table 4.2 reveals that eight (34.8%) participants were male while 15 (65.2%) 

participants were female. Most participants were between 21 and 23 years old (14 

(60.9%) participants).  Only six (26.1%) participants were between 18 and 20 years 

old, and three (13%) between 24 and 26 years old. Most of them enrolled for Bsc. 

Information Technology (18 (78.3%) participants) while the rest (five (21.7%) 

participants) enrolled for Bsc. Multimedia.  

 

Table 4.2 also shows that 9 (39.1%) participants took Database course while 11 

(47.8%) participants took Introduction to Java Programming. Meanwhile, only 1 
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(4.3%) participant took Programming Enhancement Program, Expert System, and 

Basic Networking courses. Besides that, 4 (17.4%) participants were in semester 2, 5 

(21.7%) in semester 3, 10 (43.5%) in semester 4, 3 (13%) in semester 6, and 1 

(4.3%) in semester 9.  

Table 4.2 

 Demographic Statistics of Experiment 2 (YSYR) 

Variables / Factors Frequency Percentage 

Gender   

Male 8 34.8 

Female 15 65.2 

   

Age   

18-20 6 26.1 

21-23 14 60.9 

            24-26 3 13.0 

   

Program    

Bsc Information Technology 18 78.3 

Bsc Multimedia 5 21.7 

   

Course Subjects   

Database 9 39.1 

Introduction to Programming Java 11 47.8 

Programming enhancement program 1 4.3 

Expert System 1 4.3 

Basic Networking 1 4.3 

Semester    

Semester 2 4 17.4 

Semester 3 5 21.7 

Semester 4 10 43.5 

Semester 6 3 13.0 

Semester 9 1 4.3 

 

4.3 Structural Equation Modeling  

Structural Equation Modeling (SEM) is a methodological technique to ease the 

analytical complex model. Thus, SEM is a statistical technique for addressing a 
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confirmatory approach of a structural theory that generates observation on multiple 

variables (Bentler, 1988; Barbara, 2010).  Researches have shown that there are two 

types of SEM named as the Covariance-Based SEM (CB-SEM) and Partial Least 

Square SEM (PLS-SEM). The CB-SEM is purposely for estimating the parameters 

of the model in order to reduce the variation between the sample covariance and 

those predicted by the theoretical model. It reduces the effort to predict the existence 

of dependent variables through the maximisation of the variance explained (R
2
) of 

the dependent variable (Barroso et al., 2010). In contrast, PLS-SEM is capable of 

making use of both normal and non-normal dataset. Hence, this study uses PLS-SEM 

to analyze the collected data.  

  

4.4 Analytical Activities in Structural Equation Modeling 

The assessment of PLS-SEM covers two different approaches specifically for 

achieving different objectives, which are measurement model and structural model 

assessments (Wilson, 2010). The first approach is known as the measurement model 

evaluation, which addresses the reliability and validity of measures that form 

embedded constructs (Wilson, 2010; Chin, 2010).  In detail, Hair et al. (2010) and 

Chin (2010) emphasizes that major activities in evaluating the measurement model 

are internal consistency reliability, indicator reliability, convergent validity, and 

discriminant validity (Lewis, Templeton, & Byrd, 2005; Straub, Boudreau, & Gefen, 

2004).  Besides that, structural model analytical phase in SEM also addresses the 

significance of the path coefficients and level of R
2
 (Hair et al., 2010; Chin, 2010).  
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4.4.1 Reliability of Internal Consistency 

Within PLS, composite reliability (CR) is used to measure the  internal consistency 

(Chin, 1998). CR takes into consideration the difference in loadings of the indicators 

(Hashim, 2012). The reliability of an internal consistency is deemed satisfactory 

when the value is at the minimum level (0.7) in the early stage of research and 

increase to 0.8 or 0.9 in the later stages.  Any value below 0.6 reflects a lack of 

reliability (Nunnally, 1994). For this study, the CR for each construct is shown in 

Tables 4.3 and 4.4, which are greater than 0.7.  This indicates that the internal 

consistency is satisfactory. 
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Table 4.3 

 Descriptive and Reliability Statistics for NSYR 

Construct Item Mean 
Standard 

Deviation 

 

Loading T-Statistics 

Socialization 

CR= 

0.8697 

  

SF1 4.00 .820 0.9455 2.8634 

SF2 4.18 .818 0.7164 2.4294 

SF3 4.23 .793 0.5371 1.5798 

SF4 4.32 .734 0.7149 2.4504 

SF5 4.12 .872 0.8312 2.9089 

Externalization 

CR= 

0.741 

 

E1 3.63 1.010 0.9039 2.0797 

E2 
4.09 .803 

0.5605 1.3762 

E4 
3.87 

.928 
0.6071 1.4378 

Combination 

CR= 

0.7912 

 

C2 4.08 .866 
0.4411 1.2179 

C4 3.40 1.160 0.8466 2.6186 

C5 3.57 1.070 0.9053 2.6838 

Internalization 

CR= 

0.8767 

 

IIODM1 3.65 .889 0.888 3.1684 

IIODM2 3.09 .981 0.6358 1.9121 

IIODM3 3.74 .741 0.8341 3.1045 

IIODM 5 3.58 .844 0.7677 2.979 

IIOT3 3.95 .847 0.5645 1.6693 

IIOT4 3.94 .795 0.6575 2.2835 

IIOT5 3.93 .817 0.5877 1.831 

Code  Quality 

(NSYR) 
NSYR 4.50 1.204 1 0 
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Table 4.4 

 Descriptive and Reliability Statistics for YSYR 

Construct Item Mean Standard 

Deviation 

Loading T-Statistics 

Socialization 

CR= 

0.9186 

 

SF1 4.13 .920 0.5775 1.8629 

SF2 4.30 .703 0.9478 3.9258 

SF3 4.35 .714 0.9201 3.3777 

SF4 4.30 .703 0.8562 3.0366 

SF5 3.91 1.083 0.8243 3.7991 

Externalization 

CR= 

0.7682  

E2            4.17 .778 0.5145 1.207 

E4             3.70 1.105 0.8784 2.297 

Combination 

CR= 

0.7805  

C4 3.52 1.238 0.1697 0.3843 

C5 3.43 1.199 0.9952 4.5707 

Internalization 

CR= 

0.923 

 

IIODM1 3.78 .902 0.8559 3.2322 

IIODM2 4.09 .733 0.6017 2.1824 

IIODM3 3.43 1.161 0.7347 2.6849 

IIODM 5 4.00 .739 0.6149 1.982 

IIOT3 4.04 .767 0.7181 2.1625 

IIOT4 3.91 .900 0.753 2.202 

IIOT5 3.96 .767 0.7438 2.6714 

IIOL2 3.17 .885 
0.6689 2.2139 

IIOL3 4.04 1.054 
0.6232 2.2286 

IIOL5 3.74 1.114 0.8432 3.1003 

IIOL7 3.65 .878 0.7581 2.4053 

Code  Quality 

(YSYR) 

YSYR 3.57 
2.233 

1 0 
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4.4.2 Indicator Reliability 

In order to assess indicators’ reliability, the researcher needs to evaluate to what 

extent a variable or a group of variables is proportionate with what it means to 

measure (Urbach & Ahlemann, 2010). The reliability construct is evaluated 

independently from other constructs. With reference to Chin (1998), indicator 

loadings must be significant at minimum 0.05 and the loading should be greater 

than 0.7. This is because with the loading value at 0.7, a latent variable (LV) is 

considered to be able to explain at least 50 percent of its indicator‟s variance. On the 

other hand, Bootstrapping is resampling method that can be used to examine the 

significance of the indicator loadings. In general, the decision of eliminating an 

indicator should be taken carefully when considering PLS characteristics of 

consistency (Henseler, Ringle, & Sinkovics, 2009). In case of low value of an 

indicator, it is logic to take the decision of eliminating that indicator and that 

elimination is linked with the significant increase of CR value (Hashim, 2012). 

Therefore, the indicator reliability in NSYR model ranges from 0.741 to 0.8767 as 

shown in Table 4.3 and in YSYR model, the indicator reliability is ranges from 

0.7682 to 0.923as shown in Table 4.4.  

4.4.3 Convergent validity 

Convergent validity indicates the extent to which individual items reflect a construct 

converging as compared with items that measure various constructs (Urbach & 

Ahlemann, 2010). With the aid of PLS, the value of average variance extracted 

(AVE) is used to calculate the convergent validity. According to Fornell and Larcker 
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(1981), in case of AVE value of a construct amount is at least 0.5, then the 

convergent validity is considered sufficient. 

In regards to that, the convergent reliability for NSYS model for this study is 

exhibited in Table 4.5. It reveals that the entire construct AVE value are above the 

threshold value (0.5). In the context of this research, the AVE ranges from 0.5 to 

0.5796. This shows that the analysis satisfies the AVE rule. 

Table 4.5 

 AVE Values of NSYS Model 

Construct AVE 

Code Quality (NSYR)  1 

Combination 0.577 

Externalization 0.5 

Internalization 0.5106 

Socialization 0.5796 

 

Further, the CR for YSYR model is shown in Table 4.6 and reveals that the entire 

construct AVE value are above the threshold value (0.5). In the context of this 

research, the AVE is ranges from 0.5097 to 0.6982. This also satisfies the AVE rule. 
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Table 4.6 

 AVE Values of YSYS Model 

Construct AVE 

Code Quality (YSYR)  
1 

Combination 
0.5097 

Externalization 
0.5182 

Internalization 
0.5245 

Socialization 
0.6982 

4.4.4 Discriminant validity 

Discriminant validity is used to distinguish one measure from another of a construct 

measures. On the contrary,  the convergent validity, discriminant validity examines 

whether the items intentionally measure another issue (Urbach & Ahlemann, 2010). 

Within  PLS, cross loading (Chin, 1998) and standard of Fornell-Larcker (Fornell & 

Larcker, 1981) are two commonly used measures of discriminant validity. The first 

measurement analysis was conducted by examining the AVE for both YSYR and 

NSYR models and represented in Tables 4.7 and 4.8. 
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Table 4.7 

Discriminant Validity for YSYR 

 

Table 4.8 

Discriminant Validity for NSYR 

 

The next form of assessing the discriminant validity is through the cross loading of 

the indicators where by the exact items are larger than its cross loading. This is 

achieved in this study through the results in Tables 4.9 and 4.10. 

 

 

                    

Code Quality 

(YSYR) Combination Externalization Internalization Socialization 

Code Quality 

(YSYR) 1 0 0 0 0 

        

Combination -0.4662 0.7139 0 0 0 

    

Externalization -0.2896 0.5192 0.7199 0 0 

     

Internalization 0.2918 0.414 0.3571 0.7242 0 

      

Socialization -0.2548 0.3401 0.4254 0.6092 0.8356 

                    

Code Quality 

(NSYR)  Combination Externalization Internalization Socialization 

Code Quality 

(NSYR)  1 0 0 0 0 

         

Combination -0.2217 0.7596 0 0 0 

     

Externalization 0.0904 0.3718 0.7071 0 0 

     

Internalization 0.2378 0.1966 0.4487 0.7146 0 

       

Socialization 0.1049 0.3022 0.6308 0.4983 0.7613 
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Table 4.9 

 Discriminant Validity (Cross Loading Criterion) For NSYR Model 

 

Code 

Quality 

(NSYR) 

Combination Externalization Internalization Socialization 

    C2 -0.0061 0.4411 0.5181 0.4217 0.5487 

    C4 -0.1715 0.8466 0.3834 0.2148 0.2468 

    C5 -0.2162 0.9053 0.2723 0.1301 0.2691 

    E1 0.0939 0.2827 0.9039 0.3628 0.5237 

    E2 0.0312 0.2023 0.5605 0.4222 0.5401 

    E4 0.0421 0.3495 0.6071 0.2411 0.3484 

IIODM1 0.2527 0.0422 0.3909 0.888 0.478 

IIODM2 0.127 0.2285 0.0907 0.6358 0.1137 

IIODM3 0.1872 0.1877 0.4522 0.8341 0.384 

IIODM5 0.1424 0.2511 0.4242 0.7677 0.5156 

 IIOT3 -0.028 0.3624 0.5402 0.5645 0.5297 

 IIOT4 0.0126 0.3547 0.5937 0.6575 0.6145 

 IIOT5 0.0195 0.4128 0.5164 0.5877 0.6599 

  NSYR 1 -0.2217 0.0904 0.2378 0.1049 

   SF1 0.1257 0.218 0.5824 0.4789 0.9455 

   SF2 0.0343 0.26 0.5176 0.4644 0.7164 

   SF3 0 0.3272 0.5539 0.2279 0.5371 

   SF4 0.0064 0.2846 0.4838 0.3856 0.7149 

   SF5 0.0638 0.3546 0.5136 0.3382 0.8312 
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Table 4.10 

Discriminant validity (cross loading criterion) for YSYR model 

       

Code Quality 

(YSYR) Combination Externalization Internalization Socialization 

    C4 -0.0462 0.1697 0.6739 0.2477 0.3644 

    C5 -0.4672 0.9952 0.4588 0.3944 0.3082 

    E2 -0.1435 0.8444 0.5145 0.6512 0.4236 

    E4 -0.2575 0.1343 0.8784 0.0532 0.2596 

IIODM1 0.2152 0.4358 0.381 0.8559 0.4252 

IIODM2 0.0453 0.3885 0.7413 0.6017 0.291 

IIODM3 0 0.8035 0.4507 0.7347 0.3912 

IIODM5 -0.196 0.8686 0.4988 0.6149 0.5145 

 IIOL2 0.0906 0.5472 0.1138 0.6689 0.4446 

 IIOL3 0.0579 0.7501 0.4458 0.6232 0.3416 

 IIOL5 0.1044 0.6011 0.5082 0.8432 0.5472 

 IIOL7 0.1845 0.4253 0.2301 0.7581 0.6157 

 IIOT3 0 0.3539 0.4753 0.7181 0.7049 

 IIOT4 0.1291 0.2709 0.2658 0.753 0.4665 

 IIOT5 0.0707 0.3351 0.2566 0.7438 0.7005 

   SF1 0 0.233 0.3496 0.6761 0.5775 

   SF2 -0.333 0.3381 0.3664 0.5029 0.9478 

   SF3 -0.1641 0.1814 0.3175 0.5246 0.9201 

   SF4 -0.0833 0.1135 0.1786 0.5947 0.8562 

   SF5 -0.163 0.4714 0.595 0.6531 0.8243 

  YSYR 1 -0.4662 -0.2896 0.2918 -0.2548 

4.5  Validation of Structural Model  

Validation of the structural model can assist the researcher to systematically estimate 

whether the data support the hypotheses characterized by the structural model 

(Urbach & Ahlemann, 2010). It is not proper to establish the analysis of the 

structural model unless the measurement model has been achieved successfully. 
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Within PLS, a coefficient of determination (R
2
), and path coefficients are used to 

evaluate the structural model. 

4.5.1 Coefficient of Determination (R
2
) 

The variance explanation of R
2
 measures the relationship of latent variables to its 

total variance. Based on the benchmark by Chin (1998), R
2 

is considered weak if it is 

0.19 and below. R
2 

of 0.333 is accepted as the average, while R
2 

of 0.67 is 

considered as substantial. The Figures 4.1 and 4.2 represent the results of structural 

model for NSYR and YSYR obtained in this study respectively. 

With reference to Figure 4.1, Socialization, Externalization, Combination, and 

Internalization are able to explain 13.7% of the variance in code quality of NSYR. 

This shows that coefficient of determination R
2
 is weak. On the hand, Socialization, 

Externalization, Combination, and Internalization are able to explain 72.4% of the 

variance on code quality of YSYR . 

 

 

 

 

 

 

 

 

 

Figure 4.1. Result of NSYR structural model 
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Figure 4.2. Result of YSYR structural model 

4.5.2 Path Coefficient  

By testing the path coefficient value, a researcher is eligible to know whether the 

relationship between two LV is strong enough. In order to investigate the 

relationship between two LVs, the researcher needs to notice the path coefficients, 

algebraic sign, magnitude, and significance. According to Huber et al. (2007), the 

impact of the model would be felt if the path coefficient is greater than 0.100 and 

significant to support the hypothesis at 0.05 significant level. For this study, the rules 

for validating the structural model are illustrated in Table 4.13. 

 

 



 

 64 

The standard values for assessing the measurement model of this study are shown in 

Table 4.11. In which, T-test values helped the researcher to judge which of the 

hypothesis are  supported. According to Chin (2008), when T-test is above or equal 

0.9 thus the hypothesis is supported, otherwise the hypothesis is not supported when 

T-test value is less than 0.9. 

 

 

Table 4.11 

Standard Values for Assessing Measurement Model 

Dependent 

Variable 

Independent 

Variable 

Path 

Coefficient ( ) 

Observed 

T- statistics 

Significance 

Level 

Code Quality 

(YSYR) 

Socialization -0.5852 

 

3.5097 

 

0.05 

 

Externalization -0.0456 

 

0.3025 

 

0.05 

 

Combination -0.6258 

 

2.0617 

 

0.05 

 

Internalization 0.9236 

 

2.4107 

 

0.05 

 

Code Quality 

(NSYR) 

Socialization 0.0241 2.0776 

 

0.05 

  

Externalization 0.0762 

 

0.2164 

 

0.05 

 

Combination -0.3069 

 

2.8001 

 

0.05 

 

Internalization 0.2519 1.6609 0.05 

 

 

 

 



 

 65 

Table 4.12 shows the supported hypotheses for this study based on the outcomes 

given by Table 4.11   

Table 4.12  

 Supported Hypotheses of The Study 

Hypothesis Codification Description Result 

H1 

S   
NS

    CQ The Socialization process 

contributes positively to 

code quality without 

employing SECI process.           

Supported 

H2 

 E   
NS

    CQ The Externalization 

process contributes 

positively to code quality 

without employing SECI 

process.           

Not Supported 

H3 
 C 

  NS
   CQ The Combination process 

contributes positively to 

code quality without 

employing SECI process.           

Supported 

H4 
  I   

NS
    CQ The Internalization process 

contributes positively to 

code quality without 

employing SECI process.           

Supported 

H5 
S   

YS
    CQ The Socialization process 

contributes positively to 

code quality with 

employing SECI process.           

Supported 

H6 

 E   
YS

    CQ The Externalization 

process contributes 

positively to code quality 

with employing SECI 

process.           

Not Supported 

H7 
 C 

  YS
   CQ The Combination process 

contributes positively to 

code quality with 

employing SECI process.           

Supported 

H8 
  I   

YS
    CQ The Internalization process 

contributes positively to 

code quality with 

employing SECI process.           

Supported 
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      Dependent  

             Not   Dependent  

         

 Supported                     

Not Supported 

Table 4.13 

 Standard Values for Validating Structural Model 

Assessment Subjects Measures Threshold Values 

Internal Consistency 

Reliability 

Composite Reliability        > 0.7 

Indicator Reliability  Factor Loadings         > 0.7  

Convergent Validity Average Variance Extracted (AVE)         > 0.5  

Discriminant Validity  Fornell-Larcker Criterion              - 

Discriminant Validity  Loading – Cross-loadings 

Comparison  

            - 

 

 

 

 

 

 

 

 

 

         

Figure 4.3.  Results of the hypothesis for experiment 1 (NSYR) 
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                                                                       Significant 

                    Not  significant  

        

        

        

        

        

        

                Supported

                 Not 

Supported 

 

 

 

 

  

 

 

 

 

                    

 

Figure 4.4. Results of the hypothesis for experiment 2 (YSYR) 
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4.6 Research Model 

The study has been carried out as outlined in the research model illustrated in Figure 

4.5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5.  Research model  
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The research model in Figure 4.5 illustrates four common stages of software 

development life cycle.  Particularly, PP practices are commonly applied in 

designing, coding, and testing phases. In the practice, the driver and the navigator 

interact simultaneously to manage same issue.  In this study, the conceptual model 

investigates the interaction between the driver and the navigator and its impact on 

tacit knowledge transferred from one student to another based on SECI model. 

Above of that, it tracks the performance of students in term of quality of end-

program, based on marks given by the instructor.  

4.7 Summary 

This chapter discusses and analyzes the results of experiments.  The procedures are 

explained in detail, including the instrumentation.  Besides, the survey is also 

explained.  The results are discussed in detail too, explaining that the hypotheses are 

supported unless hypotheses two and six. A descriptive statistics of the respondent is 

also conveyed. Indeed, the measurement model through the evaluation of the 

reliability and validity of measures is addressed. Finally, the evaluation of the 

structural model is explained leading to the results of the hypothesis and variance 

explanation of the research model.   
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CHAPTER FIVE 

DISCUSSION AND CONCLUSION 

 

5.1 Introduction  

This chapter discusses the findings base on the results obtained in Chapter 4. Firstly, 

an overview of the research is presented. Then, discussions on the hypotheses testing 

for the hypotheses based on the output generated from SEM of both experiment 1 

and 2 are presented. Next, the revised model for successful PP knowledge-based, 

which is based on the significant or supported results obtained from the hypotheses 

is presented. Further, the chapter summarizes and reviews the findings that were 

obtained. Besides that, the research presents contribution to achieve viable goals 

based on the described problem and objectives (in Chapter 1). Finally, the chapter 

discusses the limitations and the direction of future works. 

 

5.2 Overview of the Research  

The research is conducted mainly to propose a conceptual model of PP knowledge-

based sharing for improving programming skills. Assessment of the factors for 

achieving a viable PP knowledge-based model has become necessary due to the 

revelations of previous studies that Agile development does not allow a successful 

knowledge sharing environment for team members. Thus, it is mandatory to identify 

the influencing factors for achieving an effective PP knowledge-based model which 
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allows team work in the knowledge sharing environments. In view of that, an 

effective PP knowledge-based model is proposed and validated in order to identify 

the influential factors. 

Based on the literatures, it has been found that various studies have suggested that 

the potential influencing factors for achieving PP knowledge-based sharing model 

for improving programming skills are socialization (SC), Externalization (EXT), 

Combination (CMB), Independent of learning (INDL), Independent of Thinking 

(INDT) and Independent of Decision Making (INDDM). Based on these factors, this 

study develops an effective PP knowledge-based model for improving programming 

skills and shows the relationships among the significant drivers or factors. Finally, a 

modified holistic model of learning is proposed in the context of higher learning 

institution.  

 

Path analysis with SEM using SmartPLS 2.0 software was used to test all the 

hypothesized relationships in the structural model. The results of the proposed 

hypotheses are shown in Tables 4.14 and 4.15 respectively. Besides, the findings of 

the hypothesized results are discussed, while the findings from the previous studies 

are used to support or disprove the significance of the findings of this study. Hence, 

the subsequent sections present the discussions on the outcome of hypotheses testing. 
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5.3 Discussion of  the results based on the objectives: 

The experiments were divided into two groups with the dependent variable of code 

quality of  the first experiment named NSYR and the dependent variable of code 

quality of the second experiment tagged  as YSYR. Meanwhile, the independent 

variables are uniform for both groups as socialization (SC), Externalization (EXT), 

Combination (CMB), Internalization (INT). The following sub-sections discuss the 

results on the basis of the three objectives of this study 

5.3.1 Discussion based on  the first objective:   

This suction discuss the results based on the first objective of the study that concerns 

in investigating the relationships between each of the  four processes of SECI model 

and code quality.  The effect of each stage on the code quality is outlined in the 

following sub-sections. 

a. Effect of Socialization on Code Quality 

It is generally believed that interaction or sharing of knowledge in a virtual way or 

from tacit to tacit form may not yield full understanding to the listeners or pair group 

based on the individual intelligence level. The literatures reveal that there is a 

relationship between the sharing of knowledge in the form of tacit to tacit between 

two people or groups towards achieving a code quality. This is confirmed by the 

results of the two experiments with model and without model (YSYR and NSYR). 

The implication of this result in the student without model (NSYR) is that 
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participants have found to have prior or basic knowledge of Java programming 

language.  

This enables them to transfer the knowledge between PP members without 

documentation and achieve code quality. In the context of PP laboratory assignment 

(YSYR), the results show that it would be easier for the participants to achieve code 

quality. This is as a result of their exposure to the knowledge of JAVA programming 

language. These explain that socialization is significantly related to code quality and 

in line with the study by Singh et al. (2013). Comparatively, the relationship between 

the Socialization process and code quality by the participants with model (YSYR) is 

better than the relationship between Socialization and code quality by the participant 

without model (NSYR) (t values = 3.5097 and 2.0776 respectively). 

b.  Effect of Externalization on Code Quality 

Based on the obtained result from the analysis of the collected data in the two 

experiments (NSYR and YSYR), the results reveal that there is not significant 

relationship between the driver and the navigator. The obtained result is consistent 

with the study by Ahmad et al. (2012), which affirmed that achieving a project‟s 

completion is transfer of knowledge from abstract to documented form does not 

bring about the code quality. Additionally, the result of the hypothesis may trace to 

lack of participant to write draft code before simply writing the codes in the 

computer. On the other hand, the Externalization towards code quality in NSYR and 

YSYR ended not significant. However, the result of YSYR is better than NSYR with 

t value = 0.3025 and 0.2164 respectively. 

 



 

 74 

c. Effect of Combination on Code Quality 

Combination is one of the knowledge management models, which focuses on sharing 

or transferring of knowledge between the pair from explicit format to explicit format. 

The obtained results in both experiments 1 and 2 (YSYR and NSYR) as shown in 

Table 4.12 support the statement that the relationship between Combination and code 

quality is significant. This means that it is mandatory to document the references that 

guide the code quality could be achieved through the Combination form knowledge 

transfer. Hence, the obtained result is consistent with the previous study by Ahmad 

et al. (2012). The implication of this finding is it provides people who are involved 

in the learning and sharing of programming skill to develop quality code, should they 

have access to references while writing the codes for the given assignment. Besides 

that, the comparison between the two programming assignments shows that 

assignment without model is better than assignment with model.  This is deduced 

based on the t value = 2.8001 and 2.0617 respectively. 

 

d. Effect of Internalization on Code Quality 

Internalization in the SECI model is described as systematic explicit knowledge, 

which can be converted into a richer consistent and more complicated tacit 

knowledge, such as saved in human memory (memorization). It was initially 

hypothesized that there is a significant relationship between knowledge shared from 

concrete to an abstract form when determining or seeking for programming skills. In 

the context of this research, both analyses in the two experiments (with model and 
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without model) confirm that there are significant relationships between 

Internalization and code quality of Java programming assignment. The obtained 

findings are in line with the previous studies that support the hypothesized statement 

(Cayaba & Pablo, 2013; Jiangping et al., 2013; Mawarny, Mazni, Mazida, & 

Khairul, 2011). This implies that exchange of knowledge from explicit form to tacit 

form while addressing Java programming language helps in achieving code quality.  

Finally, the comparison of results of the two experiments show that YSYR is better 

than NSYR through t values = 2.4107 and 1.6609 respectively.  

Conclusively, the significant findings among the four research hypotheses show that 

only one construct is agreeably not supported in the two experiments, which is 

Externalization. This implies that Socialization, Combination and Internalization are 

the determinant factors of code quality while modeling PP knowledge-base and 

represented Figure 5.1. In addition, Socialization in YSYR is found as the most 

influential factor among the SECI processes.   

 

  

 

 

 

 

 

 

Figure 5.1. A revised model for PP knowledge-based sharing for improving 

programming skills 

SC 

CMB 

INT 

    PPKBS 
(Code Quality) 
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5.3.2 Discussion based on the second objective: 

The proposed model is constructed on the basis of achievement of the first objective 

which is to investigate the relationships between code quality and each of the four 

factors of knowledge management which are socialization, externalization, 

combination and internalization. In which, the interaction between pair 

programmers, who are driver and navigator, to find a programing solution relies on 

the factors of knowledge management to transfer knowledge between the pair 

programmers. The positive interaction between pair programmers leads to improve 

their programming skills and thus achieving better code quality based on the 

outcomes from the first objective. 

5.3.3 Discussion based on the third objective: 

The third objective which is validate the proposed model was achieved in this study 

through employing Sequential Equation Modeling SEM for the analysis and 

interpretation phase  to test the hypothesis and examining whether the conceptual 

model fits the collected data through the experiment. In addition, this study utilizes 

smart partial least square PLS2.0 tool to avert the limitations of co-variance besides 

SEM. Above of that, PLS is suitable for small sampling size which is commonly less 

than 30. Smart PLS was used because it produces the statistical assessment for the 

measurement model that enabled the researcher to decide which are the influential 

factors  and which of the factors is the most contributor. In this study, there are three 

influential factors for the model of pair programming knowledge based sharing for 

improving programming skills which are Socialization, Combination and 
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Internalization. Socialization between the driver and navigator is the most 

contributor in improving the code quality. 

5.4 Study Contribution 

This study has contributed in providing a road map for the educators to achieve code 

quality using effective teaching methods through determining the impact factors for 

determining PP knowledge-based sharing for improving programming skills.. Above 

of that, this study provides the empirical evidence on the impact of each 

Socialization, Combination and Internalization on code quality 

 When the educators know that Socialization can provide a significant impact on 

code quality, they will be able to emphasize more discussion among pairs in the 

teaching method. 

The positive impact of Combination on code quality leads the educators to the 

importance of providing various sources while teaching process meaning that 

students are allowed to rely on different teaching materials other than the notes given 

in the lecture such as internet, books and any helpful notes. In addition, this study 

highlights the positive contribution of internalization in providing better code quality 

that give the educators to tackle for enriching the knowledge of the students. 

This study comes up with a reliable research instrument to be used for the future 

research in the domain of technology innovative at higher learning institution as 

shown in Appendix A.  
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5.5 Problems and Limitation  

Despite the fact that this study provides the stakeholders the main factors they need 

to focus while searching effective code quality, the study still faces the following set-

back:  

 The study is able to gather only 23 participants from the second experiment due 

to the time constraints and the participation of the students under voluntary basis. 

Majority of the students had mid-term exams while second experiment was held.  

 The application of the results of this research is limited to the University Utara 

Malaysia, while more cases of data are needed to be collected for generalization 

of the research findings.  

 

5.6 Future Work 

As it was stated that this research provides the stakeholders at higher learning 

institution, the needs to achieve effective program code quality. Consequently, the 

following improvement needs to be addressed in future research: 

 The number of participants needs to be increased in the future research in order 

to achieve robust results.  

 The qualitative research approach should be added to the work in order to obtain 

full representative of the participants‟ mind.  
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5.7 Recommendation 

The importance of achieving a code code quality while dealing with PP knowledge 

sharing at higher learning institution cannot be overemphasized. Therefore, this calls 

for immediate recommendation of this research at higher learning institution since 

the research has identified the influential factors for achieving program code quality 

and knowledge sharing PP.  

 

5.8 Summary 

This chapter presents a lengthy discussion about the findings of hypothesized 

relationship between independent and dependent variables. A total of 9 hypotheses 

have been tested in achieving the objectives of the research. From the 4 tested 

hypotheses, only 1 hypothesis (Externalization) was agreeably not supported by the 

two experiments which lead to the formation of the revised model as shown in 

Figure 5.1. Besides, this chapter states the contribution of this study in achieving a 

program code quality and knowledge sharing PP.  On top of that, it also discusses the 

limitation of the study, expected future work, and recommendations. 
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