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ABSTRACT 

It is troubling that in a nation where the lion's share of the population is made up of Black South 

Africans, they are the minority within the IT industry. Furthermore, the gender inequality in IT 

remains a matter of concern where females remain the minority in IT classes and the workplace. 

It is widely known that the saying “two heads work better than one” can be applied in all aspects 

of work and life. Programming has become part of curriculums in classrooms around the globe. 

The aim of this study was to examine the impact that pair programming has on shaping the 

experiences and perceptions of underrepresented minority students in Information Technology 

(IT) in South Africa. There are limited mixed-method studies in South Africa that investigated the 

factors that impact the experiences of students using pair programming as an educational tool.  

The study included a total of 284 first-year BSc. in IT students that were from different ethnic 

groups, cultures, genders and socio-economic backgrounds. The students were taking the User 

Interface programming module at the Potchefstroom Campus of the North-West University (NWU) 

in South Africa. The participants for this research study included students who had experience 

with IT subjects in high school, in addition to students who were completely new to programming. 

The students were divided into pairs, and the students were given the opportunity to pick a desired 

programming partner for the duration of the semester. At the end of the semester, the students 

received a questionnaire that was developed, based on the Unified Theory of Acceptance and 

Use of Technology (UTAUT2) model to better understand the students’ intentions to use pair 

programming in an IT course. The findings from the quantitative and qualitative data suggested 

that the group of students had a positive experience with pair programming. However, the 

underrepresented minority students had an even more positive learning experience with pair 

programming. The female students (White and Black) and male black students perceived pair 

programming in an exceedingly positive light, as it improved their overall programming skills, 

critical thinking and social skills. It can be recommended that with timely training and adequate 

implementation of the pair programming principles, all students, but indeed more so the 

underrepresented minority students in a programming course can reap the benefits of the use of 

pair programming. This approach may attract and increase the retention rate of underrepresented 

groups in IT and encourage them to further pursue IT careers in South Africa.  

Keywords: pair programming, Information Technology, minorities, underrepresentation, South 

Africa, UTAUT. 
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CHAPTER 1 ORIENTATION 

1.1 BACKGROUND AND PROBLEM STATEMENT 

South Africa is currently in the middle of the emerging Fourth Industrial Revolution. In response, 

the South African National Department of Education has proposed programming (coding and 

robotics) as a new subject in Grades R-9 in order to prepare the youth of this country for the skills 

and jobs of the future (Govender & Govender, 2021). Information Technology (IT) refers to 

hardware and software that is used to store, retrieve and process all forms of electronic data and 

in the context of commercial use, it includes computer technology and telecommunications 

(Castagna, 2021). According to The Information Technology Association of South Africa, in spite 

of South Africa’s political and regulatory environment the country is not yet leveraging the potential 

benefits associated with the Information and Communications Technology (ICT) sector (The 

Department of Communications and Digital Technologies, 2014). This is mainly caused by the 

great lack of basic skills in large sections of the country’s population, coupled with the high cost 

of accessing ICT services.  

According to the United States of America (US) International Trade Administration (2021), the 

South African Information Technology sector has the largest ICT market in all of Africa, displaying 

its leadership in areas, such as the mobile software development field, software security and also 

electronic banking services. (Table 1.1 below reflects the estimated market overview and trade 

data of May 2021 Unit: $billion). 

Table 1.1 – Fitch Solution Industry Report South African IT Forecast May 2021 

 

South Africa’s ICT sector is an important contributor to the country’s Gross Domestic Product 

(GDP) with several international corporates, such as IBM, Unisys, Microsoft, Intel, Systems 

Application Protocol, Dell, Novell and Compaq operating subsidiaries from South Africa. In recent 

South African IT 

Industry Report
2019

2020 

(estimated)

2021 

(forecast)

2022 

(forecast)

Total Market Size 6.38 5.53 5.53 6.75

Hardware Sales 2.09 1.50 1.50 1.76

Software Sales 1.86 1.34 1.34 1.58

Service Sales 2.86 2.68 2.99 3.40

Exchange Rate: $1 14.58 16.44
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years, the international corporations supplied the country with new fixed and wireless 

telecommunications networks stabled across the continent (International Trade Administration, 

2021; Mzekandaba, 2020). The South African Government is now focusing on increasing ICT 

usage in this sector in order to facilitate socio-economic justice and inclusion in preparation for 

the Fourth Industrial Revolution (4IR) (Govender & Govender, 2021). ICT has seen a reduction 

in expenditure to counteract the increasing debt caused by the COVID19 pandemic. 

There are opportunities in South Africa for organisations looking to utilise Software-as-a-Service 

(SaaS) and Infrastructure-as-a-Service (IaaS) from cloud computing with it gaining even more 

significance due to its improved bandwidth availability, security and low cost. Local internet 

providers, such as MTN, Vodacom, Neotel and BCX have implemented some form of cloud 

computing since 2016, making them competitors in this market alongside Huawei, Amazon Web 

Services (AWS), Microsoft and Oracle (International Trade Administration, 2021). The increase 

in interconnectivity in South Africa has redefined the relationships between consumers and 

enterprises, as well as between citizens and the government and as a result, new opportunities 

and challenges for the IT sector with regard to privacy, security, cybercrimes and access to 

personal data and information have not been introduced (The Department of Communications 

and Digital Technologies, 2014).  

E-commerce has shown growth with the number of South African online shoppers increasing 

year-on-year and in 2020 retail sales increased by 66% due to the COVID19 pandemic and its 

consequent lockdown regulations introduced many people to online shopping (International Trade 

Administration, 2021). However, on a global scale, SA only makes up around 1% of total market 

for consumer goods which is nowhere near the online retailers of the rest of the world who make 

up 10-12% of the total retail. It is a concern because in South Africa only 41% of households has 

at least one member who has access to the internet at home and in general only 10% of 

households has access to the internet at home. South Africans have adopted mobile internet and 

the use thereof has been widespread in recent years which as a result, provides e-commerce 

with a golden opportunity on mobile devices with the mobile penetration rate at 165% in 2018 

(International Trade Administration, 2021).  

South Africa requires skilled IT employees in order to build a digital economy (Chutel, 2016). 

Currently, there is a shortage of IT specialists in the country, and IT is rated as the most positive 

and promising employment prospect in SA (Mafilika, 2021). Therefore, there is a strong market 



 

 

3 
 

 

demand for skilled IT employees, in particular software developers (MyBroadband, 2014).  

Software development is the most sought-after skill set with a fast growing market demand of 

over 25% in comparison to other jobs in the same category (BusinessTech, 2019b). The number 

of job opportunities in this field increased by 22% from January to February 2021, and the demand 

in the South African job market remains significant (McKane, 2021). As stated by BusinessTech 

(2019b), the top five sectors that are promising prospects in South Africa are as follows: 

Information Technology, Business and Management, Finance, Sales, and Admin, Office and 

Support. (Figure 1.1 below displays sectors in terms of major demand in South Africa and Figure 

1.2 below displays sectors in terms of major supply in South Africa).  

 

Figure 1  Figure 1.1 High Demand Job Sectors in South Africa (BusinessTech, 2019b) 

 

Figure 2  Figure 1.2 High Supply Job Sectors in South Africa (BusinessTech, 2019b) 

A study conducted by Calitz et al. (2014) on the South African ICT graduate skills requirements, 

found that, even with the Black Economic Empowerment requirements introduced by the South 

African government, it is difficult to find black candidates who are adequately qualified ICT 
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employees during the recruitment processes performed by IT companies in South Africa. These 

findings indicate that there is a black minority in the IT and ICT industry. It is surprising that in a 

country where the majority of the population is made up of Black South Africans, they are the 

minority in the IT industry. In the skills jobs market, Black South Africans are still 

underrepresented. In contrast the White South Africans are wealthier and more skilled than Black 

South Africans and they make up 10% of the work population due to them being able to attain 

higher levels of education (Fihlani & Dominic, 2019). (Figure 1.3 below reflects the unemployment 

rate in South Africa). 

 

Figure 3    Figure 1.3 Unemployment Rate in South Africa 

The shortage of tech talent in Africa is closely linked to the continent’s lack of infrastructure. South 

Africa is Africa’s most advanced economy and already has the foundation in industries, such as 

financial technology and it is seen as the best place to train the next generation of programmers 

for the 4IR (Chutel, 2016). However, South Africa has not yet escaped the grinding poverty 

suffered by the country’s majority black population. More than half of the country lives in poverty 

(Chutel, 2017; Fihlani & Dominic, 2019; Statistics South Africa, 2019). (Figure 1.4 below reflects 

the poverty rate in South Africa). 
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Figure 4    Figure 1.4 Poverty Rate in South Africa 

Apart from the less privileged youths that attend schools in townships there are many other 

schools in South Africa that lack the proper infrastructure for learning programming and it makes 

it difficult for them to aspire to become IT specialists (Gool, 2018b). The gap in South Africa’s 

public education system means that many potential IT geniuses may never get the opportunity to 

program (Chutel, 2016). However, a limited number of young South Africans are getting exposure 

to computers by means of programming initiatives. Project CodeX, CodeSpace, WeThinkCode, 

Code for South Africa, ByteAcademy, and GirlHYPE are programming schools in South Africa 

that provide intense programming lessons with classes that have nearly as many female students 

as there are male (Chutel, 2016).  

The Department of Basic Education is developing a new curriculum to be introduced in 2024 with 

new subjects, including entrepreneurship, coding and robotics and the draft curriculum is 

expected to be ready by the end of 2021 (BusinessTech, 2021). According to the Minister of Basic 

Education, Angie Motshekga, South Africa has developed a coding and robotics curriculum from 

Grade R-9, with 54 schools already implementing this new curriculum to develop children’s 

problem-solving, critical thinking and collaborative skills in order to function in a digital and 

information-driven future in preparation for the Fourth Industrial Revolution (4IR) (BusinessTech, 

2019a; BusinessTech, 2021). 
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South Africa has a population of more than 58 million people, of which women constitute 50.5% 

(Worldometers, 2019). The number of women who enrol in IT courses in higher education 

institutions is almost half that of their male counterparts (Pretorius et al., 2015). According to 

Pretorius et al. (2015), the lack of women in IT courses will be reflected in the number of women 

in the IT and ICT industry. Software developers in the IT industry of South Africa are 83% male 

and 17% female (PayScale.com, 2018). The South African government does enforce the 

empowerment of women and gender equality through drafted dedicated policies, such as the 

Broad-Based Black Economic Empowerment (BBBEE) Act. The South African labour market 

favours men over women, regardless of race. In South Africa only 32% of managers are women 

which has risen from 10% in 1995 (Fihlani & Dominic, 2019). (Figure 1.5 below reflects the 

underrepresentation of women in high-level roles in South Africa). 

 

Figure 5  Figure 1.5 Underrepresented Women in High-Level Managerial Roles 

 

The proportion of women in employment is lower than that of men, and the labour force 

participation rate of men is higher than that of women. Remarkably, the unemployment rate of 

women amongst women is higher than that of men amongst men (Statistics South Africa, 2021). 

It is evident that female IT specialists are a minority within a minority, with an even greater scarcity 
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of black females in IT. (Figure 1.6 below reflects the unemployment rate by population group and 

gender).  

 
Figure 6  Figure 1.6 Unemployment Rate of South Africa by Population Group and Gender 

 

A gap seems to exist in the literature regarding underrepresented groups in software development 

in South Africa. An in-depth study has not yet been conducted on the influence of pair 

programming on the experiences of underrepresented groups in IT in South Africa. Pair 

programming might address the factors that potentially limit their participation in IT-related fields. 

Studies conducted by pair programming pioneers,  Laurie Williams and Robert Kessler,  (Williams 

& Kessler, 2000a) found pair programming to be beneficial in learning how to program. Williams 

and Kessler (2001) define pair programming as a technique where two students work together 

simultaneously at one computer to complete one program. Students can benefit from pair 

programming because students agreed that they learned programming languages faster when 

working with a partner (Williams & Kessler, 2001). Research conducted on minorities’ experiences 

with pair programming could provide valuable information that might attract and increase the 

retention rate of underrepresented groups in IT and encourage them to pursue ICT careers in 

South Africa. 
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1.2 TERMINOLOGY CLARIFICATION 

For the purpose of this study, it is necessary to explain and clarify the following key terms: 

 According to Merriam-Webster (2021), minorities are defined as a part of a population 

differing from others in some characteristics and often subjected to differential treatment. 

In the context of this study, members of a minority group are all ethnicities excluding whites 

and it includes all females in the field of Computer Science and IT. 

 Underrepresented means inadequately represented which in the context of this study 

refers to a group of people that is not adequately represented in a field or course (Merriam-

Webster, 2021). 

 Pair programming refers to a technique where two programmers work side-by-side on one 

computer to complete a programming task (This definition will be expanded on in detail in 

the literature review in Chapter 3). 

 Information Technology is the technology that involves the development, maintenance, 

and use of computer systems, software and networks for the processing and distribution 

of data (Merriam-Webster, 2021). 

 According to the online dictionary by Merriam-Webster (2021), Computer Science is a 

branch of science that deals with the theory of computation or design of computers. 

 Programming is the process of preparing an instructional program for a device (such as a 

computer) (Merriam-Webster, 2021). 

1.3 LITERATURE REVIEW 

The information gathered for the literature review of this study was from primary research sources, 

such as academic journals, books and research publications to address the objectives of this 

study.  The researcher used ScienceDirect, Google Scholar in addition to IEEEXplore, and ACM 

DL research databases for the literature study. The keywords used were as follows: “pair 

programming”, “minorities”, “underrepresentation”, “UTAUT”, and “minorities in IT”.  

Prior research in the literature has shown that students who enrol into a programming course are 

often first-year university students. It is vital that those students become accustomed to 

programming so that they can acquire the necessary skills required throughout the duration of 

their degree so that they can integrate into the industry (Teague, 2011).  
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Programming has always been regarded as an individual activity. In the literature, studies 

conducted on pair programing often focused on a few differences for example, skill levels and 

personality types. Salleh et al. (2010a) state that comprehensive studies that involved social 

individual difference variables which are deemed pivotal in education terms for pair determination, 

are required. No obvious conclusions have been reached in the literature on whether 

homogenous or heterogeneous pair programming pairs are more effective, according to 

variables, such as personality type. Investigating compatibility aspects is crucial in the sense that 

pair programming innately involves a social interaction between two people (Salleh et al., 2010a).  

Thus, it is important to make it easier for all programming groups to work together at a higher 

level (Salleh et al., 2014).  

The limited access to a computer at school, and at home and the differential use thereof is crucial 

since it is the main contributor to the unequal participation in IT (Varma, 2002). The responses to 

the questionnaire by minority IT students indicated that many of them do not have a computer at 

home due to the fact that these students come from an economically disadvantaged background 

(Varma, 2002; Varma, 2020). It is likely that these students attended schools that do not have 

computers at their school. According to Varma (2002), white male students, in addition to white 

females to a certain extent, were exposed to a computer at earlier ages in comparison to non-

White students.  

1.3.1 MINORITY GROUPS IN IT 

Minority graduates in STEM fields are far less in number than traditional graduates in those fields. 

Ethnic and gender patterns have been established in prior research in the literature as a way to 

address research questions with regard to the underrepresentation of minorities in STEM. It has 

been found to be a good way to explore the experiences of undergraduate minority and female 

students. It allowed the researchers to compare the experiences of the ethnic and gender 

minorities against the experiences of the ethnic and gender majority while focusing on their 

representation in their own respective ethnic groups (Kuleshov et al., 2021). Groups and 

communities that have largely been considered as minorities in Information Technology are from 

non-English speaking backgrounds, have a low socio-economic status and also live in rural and 

remote areas (Leung, 2014). Little has been published about who these minority graduates are 

and how long it took them to pursue their respective degrees in STEM. There are some opinions 
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that exist that can explain who these individuals are, where they come from and what their 

interests are (Kuleshov et al., 2021).   

In South Africa, these groups of people from a demographic standpoint, make up the majority of 

the country’s population, but in the context of IT in South Africa they are part of the minority group 

which remains underrepresented. Sections 2.4 and 2.5 of the literature study focus on the various 

aspects of underrepresentation of black people and women in IT courses, such as the decline in 

the number of undergraduate students in IT, understanding the background, the psychosocial 

factors that either attract or repel students, and the need to increase the number of students in 

Computer Science courses.  

1.3.2 PAIR PROGRAMMING 

Pair programming is a collaborative learning technique where two programmers work together 

using one computer by assuming different roles in order to develop an algorithm or code (Williams 

& Kessler, 2003). The “driver” is tasked with typing and developing the code, while the “navigator” 

monitors the driver’s code to check for errors and suggest solutions for problems (Williams & 

Kessler, 2000a). Both of the programmers brainstorm throughout the development process of 

their project by exchanging roles frequently (Williams & Kessler, 2003; Williams & Kessler, 

2000a).  

In recent years, there has been an increased need for individuals with high-level skills such as 

critical thinking, problem solving and teamwork. The main focus of modern day education is to 

equip students with these vital skills. With the rise of the 4IR, coding education has been 

introduced in the curricula of many countries across the globe. These coding subjects aim to 

provide young individuals with basic coding skills. In South Africa, IT as a subject can only be 

chosen at the end of Grade 9 which has a significant impact on students’ choice of IT as a subject 

(Liebenberg et al., 2012). The South African Department of Education has designed a coding and 

robotics curriculum and will be implemented at different levels from Grade R to Grade 9 

(BusinessTech, 2021).  

Pair programming is a popular strategy in Computer Science education to teach programming to 

novices (Vandenberg et al., 2021). According to Demir and Seferoglu (2021), pair programming 

draws attention to how to effectively and efficiently conduct coding education since it is based on 
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the collaborative learning method which forms part of the constructivist learning approaches. Prior 

studies in recent decades have shown that students who learn how to program by means of a 

collaborative approach perform better in completing a programming task and improve their 

programming skills than those who program on their own (Zhong et al., 2016). Pair programming 

has shown to be an effective strategy to teach programming compared to other approaches. 

Section 3.3 of the literature study focuses on the various aspects of pair programming, such as 

its principles, implementation and the difference between solo programming and pair 

programming, and the impact that pair programming has on students.  

1.3.3 UNIFIED THEORY OF ACCEPTANCE AND USE OF TECHNOLOGY 

The Unified Theory Of Acceptance And Use Of Technology (UTAUT) is a technology acceptance 

model formulated by Venkatesh et al. (2003) which aims to explain the user intentions to use an 

information system, in addition to subsequent usage behaviour. This model has been used to 

study the entire spectrum of technology from initial adoption to post-adoptive use (Venkatesh et 

al., 2012). The UTAUT model has four predictors of intention and technology use, namely 

Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), And Facilitating 

Conditions (FC) (Venkatesh et al., 2003; Venkatesh et al., 2012; Venkatesh et al., 2016) (Figure 

1.7 below displays the UTAUT model). 

 

Figure 7   Figure 1.7 UTAUT and Suggested Future Research Directions 

In this research study, the researcher used the UTAUT2 model formulated by Venkatesh et al. 

(2016) as a basis for the development of the questionnaire which includes four more constructs, 

namely Hedonic Motivation (HM), Habit (H), Behavioural Intention (BI) And Use Behaviour (UB). 
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These constructs serve as a backdrop for conducting the research and to better understand 

student adoption and use of pair programming as a learning tool (Venkatesh, 2021).  

The questionnaire developed to gain data for this research study had the aforementioned eight 

constructs and its questions were based on a five-point Likert scale. Sub-section 4.3.5.2 of the 

research design discusses how the questionnaire was developed using the UTAUT2 model in 

order to gain a better understanding of the impact of pair programming on the perceptions and 

experiences of underrepresented groups in IT. 

1.4 AIM OF THE RESEARCH 

The primary aim of this research study is to investigate the impact of pair programming on the 

experiences and perceptions of underrepresented groups in Information Technology in South 

Africa. 

1.4.1 OBJECTIVES OF THE RESEARCH STUDY 

In order to accomplish the primary aim of the study, the following secondary objectives are set: 

1.4.1.1 To examine the literature on the underrepresented groups in Information 

Technology; 

1.4.1.2 To examine the literature on pair programming; and 

1.4.1.3 To investigate the impact of pair programming on the students’ experiences and 

perceptions.  

1.5 RESEARCH DESIGN AND METHODOLOGY 

1.5.1 RESEARCH PARADIGM 

The positivist research paradigm does not always rely on quantitative methods. Positivism is 

aligned with the hypothetic-deductive model of science. This method is a circular process in the 

sense that it starts from the literature in order to form a hypothesis that can be tested, designs an 

experiment via the identification of variables that can be manipulated and measured by means of 

group assignments (operationalising variables), and conducts an empirical study, based on 

experimentation (Park et al., 2020). Therefore, the research findings from such a study are used 
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to aid in forming of theory and also contribute to the literature. In doing so, the circular process of 

the hypothetic-deductive scientific model is complete. 

In the context of this research study, empirical evidence findings help to refine and strengthen 

theory. A hypothesis that confirms the effectiveness of an instructional approach (pair 

programming) to a group of first-year students can aid in refining theory. The study was 

conducted, using the positivistic paradigm and acted as a basis that supported quantitative and 

qualitative research methods (mixed-method approach) (Leech et al., 2010).  

1.5.2 RESEARCH DESIGN 

According to Parfrey and Ravani (2021) the aim of research design is to minimise error, to ensure 

adequate samples, to appropriately measure input and output variables, to consider the internal, 

in addition to external validities, to limit biases, and also to address statistical relevance. The 

research approach that was used for this study was the mixed method research approach. Both 

quantitative and qualitative data was collected and provided distinctive types of information. This 

study, similar to others, used the quantitative research design to make use of inferential statistics 

which included statistical significance tests. However, to counteract the adequacy of the 

significance tests and the limitations of p values, this study also collected data, using a qualitative 

research design (Nassaji, 2021). This mixed-method approach was applied because significance 

tests only revealed to the researcher whether an effect exists, but did not tell the researcher about 

the importance of the effect. It was key for the researcher to supplement this quantitative data 

with qualitative data which allowed the researcher to better understand and interpret the effect 

sizes qualitatively (Nassaji, 2021). This was done by collecting open-ended data from the survey 

questionnaire developed for this study. A comparison was made from the different perspectives 

of individuals drawn from both types of data, which created a greater understanding of the 

necessary changes that were required for a marginalised group by integrating qualitative and 

quantitative data (Creswell & Creswell, 2017).  

1.5.3 PARTICIPANTS 

The target population for this study was first-year students from the Potchefstroom Campus of 

the North-West University (NWU) in South Africa. The researcher used convenience sampling 

and the selected study population is a group of students that reflect the demographics of the 
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target population. The sample size was 284 first-year BSc IT students in the User Interface 

Programming class from the NWU. This programming module comprised students from different 

ethnic groups, cultures, genders and socio-economic backgrounds. The participants who were 

used for this research study included students who had experience with IT subjects in high school, 

and students who were completely new to programming. The students were taught the principles 

of pair programming and were partnered with a friend and used one computer to complete 

practical programming assignments on a weekly basis for the duration of the semester. 

1.5.4 DATA COLLECTION METHOD 

A questionnaire based on the Unified Theory of Acceptance and Use of Technology model was 

used to gather information from the students. The questionnaire consisted of a set of five-point 

Likert scale response questions (quantitative) based on the determinants of the UTAUT2 model 

and a set of open-ended questions (qualitative). The determinants used were Performance 

Expectancy, Effort Expectancy, Social Influence, Facilitating Conditions, Hedonic Motivation, 

Habit and Behavioural Intention. The results from both quantitative and qualitative data should 

provide a better understanding of the impact of pair programming on the students’ experiences. 

1.5.5 DATA ANALYSIS 

Data analysis enabled the researcher to induce the underlying inference from the collected data 

by means of removing duplicate observations, missing codes, empty fields and data that was 

formatted in an incorrect manner. This was done to prevent the researcher from making false 

conclusions (Bernadita, 2021).  

This study used the mixed methods approach. Firstly, the researcher used of factor analysis to 

aid in determining if any relationships existed between a set of variables which describes patterns 

in a relationship (Arora, 2021). Secondly, quantitative analysis was used to measure the 

differences between groups. Quantitative analysis was deemed adequate because the 

descriptive statistics described the sample for the study and inferential statistics drew conclusions 

about the entire target population. With regards to inferential statistics, the researcher used of T-

tests in order to compare the means of two groups of data which is important in understanding 

how different or similar these two groups are (Jansen & Warren, 2020). The researcher also used 

analysis of variance (ANOVA) which provided a statistical test for multiple groups involved in the 
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study to assess whether these groups are equal; thus it generalises the T-test beyond two means 

(Arora, 2021; Jansen & Warren, 2020). The researcher reported the quantitative statistical results 

and identified and discussed the qualitative findings (themes) that either confirmed or disproved 

the quantitative results. The application of statistical analysis is a technique that allows the 

researcher to perform statistical manipulation in order to quantify the data. The tool that was used 

to perform the statistical analysis in this study was Statistical Package for the Social Sciences 

(SPSS) (Arora, 2021). The information obtained from the quantitative data was analysed by the 

North-West University’s Statistical Consultation Services. 

Qualitative data is usually presented as unstructured text-based data which is rich and subjective. 

In the context of this study the textual data was collected from a structured questionnaire. As 

stated by Wong (2008), qualitative research explores the perspective of meaning of experiences  

and can identify social structures that explain people’s behavioural meaning. The information 

acquired from the qualitative data was analysed, using ATLAS.ti 9, a data analysis software 

package that aided in content analysis by coding the data and categorizing the codes into themes 

as they emerged. Content analysis was performed in this study with the intention of identifying 

patterns of deeper underlying interpretations (Jansen & Warren, 2020). The results were used to 

come to a conclusion on the impact of pair programming on the experiences of underrepresented 

groups in IT courses. 

1.5.6 ETHICAL CLEARANCE  

The study adhered to the ethical requirements of the NWU. Permission to conduct this study was 

obtained from the Faculty of Natural and Agricultural Sciences Research Ethics Committee 

(FNASREC) under the ethics number: NWU-01471-20-A9 (see Appendix – A). The students who 

participated in this study signed and completed the informed consent form at the start of the 

questionnaire that was distributed to them electronically and they were also informed that by 

providing consent, the confidentiality of their responses in addition to their anonymity would be 

ensured.  
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1.6 DISSERTATION STRUCTURE 

1.6.1 CHAPTER 1: ORIENTATION 

In Chapter 1, an overview of the study is provided, with the focus on the background and the 

research problem statement which investigates the factors that impact the experiences of 

underrepresented minorities in IT in South Africa. Furthermore, in this chapter the research 

questions and objectives that the study aimed to address are also stated. A brief description of 

the research methodology and data analysis is included. 

1.6.2 CHAPTER 2: MINORITIES IN IT 

In Chapter 2, the cause of historical underrepresentation of ethnic minorities in STEM in South 

Africa is outlined, in addition to their participation in those fields at a tertiary level and in the 

industry. Furthermore, in this chapter, the presence of women in STEM, the digital divide and the 

closing thereof and also a solution for the lack of minorities in STEM fields are addressed.  

1.6.3 CHAPTER 3: PAIR PROGRAMMING 

In Chapter 3, the relevant literature regarding pair programming is explored in-depth. The 

development of software in the industry implementing pair programming, pair programming as a 

software development methodology, pair programming in the classroom setting as an educational 

tool, based on the prior research done on this topic in past decades are discussed. The necessary 

guidelines required for implementing pair programming, the challenges, in addition to the 

advantages and disadvantages of this collaborative learning approach are also provided. 

1.6.4 CHAPTER 4: RESEARCH METHOD 

In Chapter 4, the focus is on the development of the data collection instruments that were used 

in this study. The research paradigm and its application in the study are discussed and an 

extensive discussion about the mixed-method research design approach is included. Secondly, 

the students who were involved in the study are described briefly. In conclusion, the development 

of the survey questionnaire which focused on the qualitative and quantitative data and collection 

methods is discussed.  
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1.6.5 CHAPTER 5: RESULTS 

In Chapter 5, the results of the study are presented. The quantitative data focused on the 

descriptive statistics such as the demographical information of the students, followed by the 

presentation of the results from the T-tests, and ANOVAs. The qualitative data presents the 

thematic analysis that emerged from the data of the open-ended questions.  

1.6.6 CHAPTER 6: CONCLUSION AND RECOMMENDATIONS 

Based on the statistical results presented and analysed in Chapter 5, the evaluation of the study 

findings concludes this final chapter by outlining the recommendations to the relevant issue of 

underrepresentation in STEM and the possible future research that can be undertaken on this 

topic to better understand the individuals that belong to these minority groups is also discussed. 

1.6.6.1 STUDY CONTRIBUTIONS  

Little research has been conducted on pair programming and the manner in which it impacts 

minorities’ experiences in IT. In addition, there is also little research found on this topic in the 

South African context. This in-depth mixed method study can contribute to a better and deeper 

understanding of minorities’ perception and experiences with programming and the field of IT and 

Computer Science, which might lead to increased enrolment and retention of minorities at a 

tertiary level, in addition to their pursuit of careers in IT and Computer Science fields. 

1.6.6.2 STUDY LIMITATIONS 

This study used the mixed-methods approach and a set of open-ended questions in the 

questionnaire. Some of the students of the study did not provide sufficient information with regards 

to the open-ended set of questions. Perhaps in the future in addition to the use of the mixed-

methods approach the researcher could gather more detailed information by means of interviews. 

This would greatly benefit future research in order to gain a better understanding of the 

perceptions of underrepresented groups in IT in South Africa. The generalisation of the findings 

from this study is limited in the sense that it focused and gathered information only from one 

campus of a university in South Africa. 

 



 

 

18 
 

 

CHAPTER 2 MINORITIES IN INFORMATION TECHNOLOGY 

2.1 INTRODUCTION 

In as much as there is a global demand for graduates with computing skills, and a global shortage 

of female computing professionals, in Africa these aforementioned shortages are even more 

critical (Nicolau & Seymour, 2017). Regardless of the various efforts made in the industry to 

increase the participation of both racial, as well as all ethnic minorities. In STEM fields, these 

groups of people remain underrepresented (Aish et al., 2018). In recent years, increased focus 

has only been put on support structures to aid this group of underrepresented people to get 

through the industrial pipeline, yet little attention has been paid to increasing minorities’ intrinsic 

motivation to follow careers in STEM fields (Aish et al., 2018; Uzzaman, 2019). Artificial 

intelligence, the Internet of Things, edge computing, mass scale commercialisation of quantum 

computing use, aerospace, Starlink broadband/5G internet, etc. are exciting technological trends 

that promise to revolutionise our lives and the society around us (Whitney & Taylor, 2018). Despite 

the excitement that technology  engenders, there is still a notable lack of participation from 

women, people of colour, and people with disabilities (Whitney & Taylor, 2018). Minorities and 

women are essential in filling this perceived gap in STEM fields (Varma, 2018). In this chapter, 

the researcher discusses the history of STEM in South Africa, the current landscape of STEM in 

academia, and in the industry.  Furthermore, the importance of a diverse pool of role models in 

STEM fields, and possible solutions to increase the participation and persistence of minorities in 

IT to bring forth change and to increase diversity, and inclusion are discussed. 

2.2 HISTORICAL VIEW OF STEM IN SOUTH AFRICA 

The historical, cultural, in addition to political policies of South Africa are responsible for the 

production of scientific knowledge and the education of the future scientists of this country. 

Inequalities in class are firmly established in scientific practices, which makes it difficult to attain 

the promise of transformative or developmental effects for society through Science, Engineering 

and Technology (SET) fields (Sooryamoorthy, 2015). With regard to the structures in class, 

historically there has been gendered and racialised discourse entangled within it by means of 

racist and sexist formulations of science in South Africa (Liccardo & Bradbury, 2017).  
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“The Bantu Education Act of 1953 provided the establishment of an education system that was 

racially differentiated and purposely designed to lodge the privileged position of white South 

Africans by intentionally giving black South African learners education that was inferior” (Kallaway, 

1984). Therefore, in most black school’s subjects such as mathematics, in addition to science 

were not available. In severely underfunded institutions whereby the aforementioned subjects 

were available, the educators were in most cases underqualified and supplied with a neglected 

curriculum to teach science and mathematics to black learners (Dalvit & De Klerk, 2005).  

In similar fashion, institutions of higher education in South Africa developed along the same lines. 

In 1829, the University of the Cape of Good Hope which is the oldest English university in the 

country and today known as the University of Cape Town was established. Then, in 1874, the 

oldest Afrikaans university namely the University of Stellenbosch was built and received full 

university status in 1918. The University of Witwatersrand was established in 1896, Rhodes 

University in 1904, the University of Pretoria was constructed in 1908 and lastly, the University of 

Natal was founded in 1909. These universities were historically white and were established with 

the primary objective of serving the educational needs of White South African males. Provisions 

for the establishment of the fist university for black South Africans were made after the passage 

of the University Act of 1916 (Mabokela, 2000). This aforementioned legislation established the 

South African Native College, which today is known as the University of Fort Hare, founded in 

1916, the oldest black university in South Africa, which was designated for the Xhosa-speaking 

Africans (Makura et al., 2011).  

When the National Party came to power in 1948, four Afrikaans universities were instituted: in 

1950, the University of the Orange Free State, the University of Potchefstroom for Christian 

Higher Education in 1951, now known as the North-West University, the University of Port 

Elizabeth in 1965 and lastly, the Rand Afrikaans University in 1968. These new universities, 

alongside the University of Stellenbosch, adhered strongly to the principle of separate 

development and also implemented strict policies against the admission of black South Africans. 

African students were viewed as a noticeable group from the generic ‘black’ nomenclature, which 

comprised Native African, Indian and Coloured people and they belonged to the racial and ethnic 

groups that were regarded as disadvantaged during this era (Ramrathan, 2016). The Extension 

of the University Act of 1959 brought forth racially, and ethnically-based universities for Black, 

Indian and Coloured (mixed race) South Africans.  
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The first group of ethnically-based universities comprised of seven rural African universities. The 

universities included in this category were the Universities of the North and Zululand, both 

established in 1960 (Mabokela, 2000). The five remaining rural universities were created in the 

former independent homelands of Bophuthatswana, Ciskei, Transkei, and Venda. In the self-

governing homeland of Qwa-Qwa, a branch campus of the University of the North was established 

(Muller, 1991). The University of the Western Cape and the University of Durban-Westville were 

established for the Coloureds and Indians of South Africa, respectively (Mabokela, 2000). Despite 

the English universities (Cape Town, Witwatersrand, Natal and Rhodes) admitting a few black 

students, they enforced policies that professed academic freedom, but maintained social 

segregation during the Apartheid era which left Black South African students without any form of 

equality (Murray, 1990).  

This study was conducted at the North-West University (Potchefstroom Campus), here follows a 

quick look at the historical background of this institution of higher education. The NWU is multi-

campus university located in South Africa on three campuses in Potchefstroom, Mahikeng and 

Vanderbijlpark (NWU, 2022b). In 1869, the Potchefstroom University College for Christian Higher 

Education was developed out of the Theological School of the Reformed Churches in South Africa 

and was located in Burgersdorp in the Cape Province (Jooste, 1957). In 1905, it was transferred 

from Burgersdorp to Potchefstroom in the Transvaal. In 1951, The Potchefstroom University 

College for Christian Higher Education was recognised as an independent and was renamed to 

the Potchefstroom University for Christian Higher Education(Ferreira, 2006). In order to provide 

tertiary education in the Vanderbijlpark area, in 1966 the Vaal Triangle Campus was established. 

In 1979, Lucas Mangope (the then president of the Bophuthatswana homeland), founded the 

University of Bophuthatswana with many residents of Bophuthatswana contributing to establish 

the university (Bantham, 2017). The university was under-resourced at first, but the South African 

Government invested heavily in the university. The open and progressive agenda behind the 

university attracted black South African academics and British post-colonial academics (Bantham, 

2017). In 2004, the University of the North-West (formerly the University of Bophutatswana) 

merged with the Potchefstroom University for Christian Higher Education as well as its branch in 

Vanderbijlpark (NWU, 2022b). The merger into the unified NWU is hailed as one of the most 

successful mergers in the country and was seen as a strong symbolic act of reconciliation and 

nation building (NWU, 2022a). 
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The creation of segregated black universities in South Africa succeeded in legitimising and 

solidifying the intention of segregating the racial, in addition to the ethnic groups of the country. 

This was done by the governing party to provide personnel to control and support structures in 

newly-created homelands, in order to preserve and propagate the inferior social and economic 

position of black South Africans (Mabokela, 2000). During this era, the funding for black higher 

education was severely low, and as a result, it led to reduced participation by the majority of the 

black population of South Africa that was only being schooled for jobs that were low-skilled 

(Brown, 2006). The 1980s in South Africa were plagued with massive revolts against the National 

Party’s government which included mass meetings, strikes, boycotts, economic sanctions, and 

rebellious attacks by political movements that faced exile. In response, the University Amendment 

Act was passed in the year 1983. The passage of this legislation legalised the admission of black 

South African students into historically white universities (Mabokela, 2000). The apartheid regime 

racialised and gendered the landscape of higher education in South Africa, and urgent reform in 

the higher education landscape was imperative and was one of the areas of concern that the 

African National Congress government undertook when it gained power in 1994 (Akala & Divala, 

2016). The 1997 Higher Education Act stated that all of the universities of South Africa were 

required to comply with the proper measures for the redress of past inequalities and were not 

allowed to unfairly discriminate in any way (Department of Higher Education & Training South 

Africa, 2014).This legislation aided institutions of higher education in overcoming racism and 

sexism (Sehoole, 2013). 

2.3 THE DIGITAL DIVIDE   

The digital divide can be defined as consumer disparities in access to information, in addition to 

communication technologies, based on factors, such as age, gender, race, socio-economic status 

and geographic location (Boone et al., 2014; Mossberger et al., 2003). This divide mainly focuses 

on the differences of those people who are able, and are not able to use computers and the 

Internet for communication and obtaining information effectively. In the Social Sciences it has 

been proved that the environment does have a significant impact on shaping an individual’s 

opportunities, particularly when poverty and segregation are involved (Mossberger et al., 2006). 

Serious inequities persist in poor urban communities in the United States of America and in South 

Africa despite decades of civil rights and legislation in respect of fair housing in both countries 

(Harloe, 2008; Huchzermeyer, 2003). With the dawn of the Information Age, these disparities 
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have transformed over the decades and new barriers to access to technology and skill in poor 

communities have developed. 

With the increase in proportion of American households with Internet access during the 1990s, it 

spurred many studies that documented the Internet usage trends across population subgroups 

and these studies identified a digital divide with regard to computer and Internet access with 

respect to race and gender in the United States of America. These studies documented that 

Caucasians in America, compared to other races and ethnicities, are most likely to have access 

to the Internet. Consequently, this divide occurred due to the difference in socio-economic 

positions related to income and education attainment (Campos-Castillo, 2015). Research 

suggests that the gender gap has been closed, and that now, women have more access to the 

Internet and use technology more than men (Talukdar & Gauri, 2011). More recent data from 

studies conducted by the National Telecommunications and Information Administration still 

suggests that the digital divide exists and has also shown that men are more likely to use the 

Internet than women, regardless of racial and ethnic groups, because of gender stereotypes that 

exist regarding technology usage (National Telecommunications & Administration, 2013).  

The digital divide is an area of concern that has a grave impact on thousands of minority 

households. These countless households worldwide have very limited or no access to educational 

programs that involve computer technology (Boone et al., 2014). Poor communities in America 

are African American and Hispanic. Due to their low income, these communities have the least 

home access to the Internet and computers and information literacy.  

A survey by Mossberger et al. (2003) on virtual inequality, showed that race and ethnicity do 

matter for Internet and computer access and found that African Americans and Hispanics are 

statistically less likely to have access to computers and the Internet because the use of technology 

requires reading skills, and the ability to search, use and evaluate information which makes them 

information illiterate. Approximately 20% of the respondents in this study reported that they 

required assistance using a keyboard and mouse in order to find information on the Internet and 

to make use of the programs on a computer.  

According to Mossberger et al. (2003), race and ethnicity only have an influence on an individual’s 

attitude towards technology. Surprisingly, compared to white respondents, African Americans 

have a more positive attitude towards IT, and view it as important for economic opportunities and 
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being up to date with current affairs and world news. Furthermore, African Americans are more 

willing to learn new computer skills online than their Caucasian counterparts. Hispanics’ attitude 

towards the Internet and technology does not differ from that of Caucasian respondents, but they 

are also more likely to learn a variety of skills from online courses.  

Over the last 25 years, the use of computers and the Internet in South Africa has grown at an 

accelerated rate according to census data, but there is a systemic difference between the citizens 

who are connected to the Internet and those who are not connected (Salahuddin & Gow, 2016). 

The acquisition of Internet access and other related computer technologies by black South 

Africans, minorities, including the less fortunate, is closing the digital divide at a very slow rate. A 

study about the use of mobile phones by South African university students conducted by North et 

al. (2014) found that these students use mobile phones for socialising, safety and privacy. 

Furthermore, in their survey, they found that in their sample of 362 students that only 1% of them 

did not own a mobile phone (North et al., 2014; Parry & le Roux, 2018). Students who attend low-

income schools use technology less, due to their educators having inadequate training and being 

unable to teach students the basic technical skills that are required to operate a computer, 

whereas their affluent counterparts learn these skills in the comfort of their homes. The complexity 

of this problem is very difficult to solve due to issues in these communities, such as the lack of 

computers, the lack of experience with computer technology, in addition to the lack of access to 

the Internet (Boone et al., 2014). Racial segregation (Apartheid) and poverty are environmental 

factors in poor communities that account for the differences in access to technology, and skills 

with respect to race and ethnicity dissimilarities (Mossberger et al., 2006).  

Thus, living in a region that is less fortunate, might have an effect on the technology access and 

skill of individuals due to poor services and regional employment. Environments, such as schools, 

libraries, and community centres have been identified as geographical locations that have an 

impact on technological skill and access. In recent years, the use of computing has increased 

substantially in schools in the form of mobile devices and mobile gaming. However, in South 

Africa, interest in studying computing at a tertiary level has not increased substantially (Nicolau & 

Seymour, 2017). 

Employment is another factor that influences individuals use of computers and the Internet. In 

almost all workplaces in recent years, employees are provided with formal, in addition to informal 

computer training. This means that individuals from impoverished communities are introduced to 
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computers and the Internet at work and thereafter they eventually acquire computers for 

themselves to use at home, clearly indicating that jobs present a crucial initial step in adopting 

technology (Telecommunications & Administration, 2013). The problem is that in South Africa the 

unemployment rate was 27,5% in the first quarter of 2019 (Statistics South Africa, 2019). The 

majority of these individuals who are unemployed only attained high school education, meaning 

that their level of education limits them to low-skill jobs that are less likely to demand the use of 

computers and the Internet. Informal settlements in South Africa are areas of concentrated 

poverty and high levels of unemployment, thus lacking information and contacts that could lead 

to job opportunities (Hurlbut, 2018). 

2.4 UNDERREPRESENTATION OF MINORITIES IN CS AND IT 

The severe underrepresentation of minorities and women in undergraduate Computer Science 

and Information Technology and Information Systems courses is a prevalent problem worldwide. 

It is critical that there is a better understanding of the background, as well as the psychosocial 

factors that either attract or repel students who are in the minority in computing disciplines 

(Buzzetto-More et al., 2010). There is a shortage of high-quality professionals in CS and IT. With 

the rise in demand for programmers and computer scientists who are qualified, there is a great 

need to increase the number of students in Computer Science courses (Baser, 2013).  

Primarily, Computer Science (CS) is a degree that is obtained by white men due to the fact that 

it is a degree that typecasts candidates and it has yet to put much effort into diversifying with 

respect to minorities and women (Bock et al., 2013; Stross, 2008). The IT industry has had a 

questionable record of hiring workers of colour. In 2011, America only had 15% of Hispanic 

workers and 10.8% of African American workers in their labour force. The computer and 

mathematics occupations only comprised 5,7% Hispanic and 6.9% African American 

professionals (Bock et al., 2013).  

A study conducted in 2010 in the United States of America, established that the below par 

advertisement of the CS and IT majors, the lack of experience studying computing prior to college 

and the lack of exposure to coding cause minority enrolment, success and retention rate in CS 

and IT (Bock et al., 2013). A similar study by Buzzetto-More et al. (2010) found that African 

Americans with a higher socio-economic status had higher ownership of electronic devices, 

including computers than those with a low socio-economic status, but they are still inadequately 
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informed when selecting a Computer Science or IT degree. Socially constructed factors, such as 

early advanced engagement with computers and programming, the knowledge of the nature of 

computers, foundation in mathematics and science and technological incubation have a great 

impact on their pursuit of CS and IT degrees. Regardless of the high levels of ambition and 

positive attitude towards IT that African Americans do display, these aforementioned social factors 

are the contributing factors to their attainment of CS and IT degrees (Bock et al., 2013). 

One of the reasons why students do not choose Computer Science at undergraduate level is that 

students have a false perception that CS courses that involve programming are too difficult, boring 

and anti-social (Baser, 2013). Consequently, students tend to develop a negative attitude towards 

programming. It is evident that a positive or negative attitude towards something has an influence 

on how we process behaviour in general and our behaviour in particular. Accordingly, their attitude 

towards programming affects their performance in programming. The identification of students’ 

attitude towards computer programming is a critical issue in the education of Computer Science, 

since it is clear that attitude has an immense effect on a student’s computer programming 

performance. Attitude does indeed differ between genders (Baser, 2013). The identification of the 

factors causing the underrepresentation of minorities in IT fields is also an important issue in the 

retention gap in the IT industry (Tapia & Kvasny, 2004). 

In 2014, technology companies, such as Google, Facebook and Microsoft provided a momentous 

public disclosure of the demographic make-up of their respective workforces which further 

perpetuates the misrepresentation of minorities in Information Technology fields (McGee, 2018). 

The data from the disclosures was predictable for some because it confirmed a phenomenon that 

is widely-known, namely that the U.S. technology workforce is predominantly male, and white and 

becoming increasingly Asian (McGee, 2018). This indeed does prove that these public 

disclosures shed light on the lack of diversity in the technology sector. Even though there is an 

anticipated increase in STEM occupation in recent times, of which technology is the quickest 

growing occupation, it implies that there are insufficient IT workers to fill this demand (McGee, 

2018). 

Research in the IT industry has shown that a workforce that is inclusive, and diverse, correlates 

with the increase in creativity, innovation, in addition to higher profits which results in greater 

revenue for tech companies (McGee, 2018). However, these statistics on U.S. tech companies 

suggest that large portions of the US population, namely women and ethnic minorities remain 
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underutilised. Public workforce disclosures have led to tech companies investing millions of 

dollars every year in recruitment initiatives that are meant to increase workforce diversity, but little 

change has occurred due to the diversity numbers remaining stagnant. As a result, there has 

been a surge in gender discrimination and sexual harassment allegations while retention of 

minorities, as well as their advancement in this field receive little or no attention (Dickey, 2017; 

Fiegerman, 2017; Simon-Lewis, 2017).  

2.5 WOMEN IN IT 

It is difficult to uncover the nuances that potentially could give a better understanding of the 

underrepresentation of women in STEM fields, but due to researchers’ depiction of women as a 

homogenous group, ignoring the differences in the technology between women, they portray 

white women’s experiences as a prototype for all women. Industry research tends to put people 

of colour into one group and identifies them as the minority. The results of these studies 

universalise the experiences and challenges that people of colour face in tech companies which 

overlooks the collective, as well as the individual experiences of women of colour (McGee, 2018). 

There are many scholarly texts about this category of minorities in IT on a global scale. Therefore, 

the IT and ICT professions can only be understood by considering their historically race- and 

gender-segregated workforce. Female IT specialists are a minority within a minority, with an even 

greater scarcity of black female IT specialists (Whitney & Taylor, 2018). Race or ethnicity, and 

gender create different perceptions and experiences on a qualitative level which are factors that 

are commonly believed to hamper the advancement of women into senior roles in IT and ICT 

(Bosch et al., 2019).  

Information Technology is a relatively new profession that stems from the Computer Science field 

and the development thereof is not well documented, even though women played a significant 

role (Thompson, 2019). Women aided in the development of the first programming languages, 

influenced the design, as well as functionality of the first computers, and also came up with new 

ideas that shaped the field to what it is today (McGee, 2018). It is of the utmost importance that 

the omission and the minimisation of women’s contributions to computing are acknowledged in 

order to stop the misconceptions of women being uninterested in technology and being incapable 

of being leaders in computing (Thompson, 2019). In spite of the fact that the history of computing 

only focuses its attention on the contributions of white women to the field, their experiences shed 
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light on gender barriers and gendered and race concepts that continue to have an influence on 

the career advancement of women of colour in IT (McGee, 2018).  

It is recognised that women have less prior experience with computers and the Internet than men 

when starting the Computer Science degree and Computer Science departments at universities 

tend to favour applicants who have had CS or IT as a subject in high school (Boone et al., 2014). 

Another hurdle that impedes women from pursuing a CS degree is that academic staff tend to 

treat female students differently from male students and it is also a male-dominated degree which 

gives women the impression that CS is a degree that better suits men (Coger et al., 2012). High 

school teachers, as well as university lecturers should be aware of their attitude towards females 

in CS and IT because through their actions they might deter females from IT (Liebenberg et al., 

2012). Another obstacle that women face is the notion that CS is too difficult because it only 

involves programming  (Papastergiou, 2008). Gender stereotyping exists among learners in high 

school which has an influence on their peers without them even realising it (Liebenberg et al., 

2012). This is also a barrier that keeps women from Computer Science degrees because of the 

fallacy that it is only a degree for “nerds”, “geeks” and “hackers” which are characteristics usually 

associated with young, white American males who are intelligent, computer savvy and socially 

inept (Stoilescu & McDougall, 2011).  

Science education research agrees that there is a positive correlation between attitude and 

achievement; attitudes play significant roles in the perception of information and affect the degree 

of its retention (Baser, 2013). Research has shown that the reason for underrepresentation of 

women in CS-, and IT-related disciplines is due to subconscious behaviour that results in the 

promotion of education, in addition to more careers for males rather than for females (Varma, 

2002). It is critical that school systems need the proper infrastructure to provide girls and 

minorities with easy access to computers. Female educators who are part of the CS department 

at universities should teach at local high schools in order to help expose girls to IT education to 

inspire them to pursue careers in IT (Aish et al., 2018). Universities can also do more by making 

sure that their admission policies clearly specify that prior experience with computing is not 

required to enrol in a CS degree over time, so that more women can develop an interest in 

computing (Varma, 2002). To solve the confidence crisis that women face regarding their 

programming abilities, advisors should convey to them that they should not measure themselves 

against the typical stereotype associated with Computer Science. Informal events between high 



 

 

28 
 

 

school girls and female graduates would be a starting point to open a channel of communication 

between them (Burrell, 2019). This would be important for the representation of women in IT 

because these high school girls could interact with IT professionals at work.  

2.6 CLOSING THE DIGITAL DIVIDE 

It is a widely accepted fact that education is important in the developmental process of any nation. 

The Internet is a valuable source of education due to the fact that computers are tools that 

facilitate quality education and in order to achieve the maximum productivity from an educated 

person, he/she is employed to access great amounts of information over the Internet (Ofosu & 

Asgill, 2003). Proper educational infrastructure plays a significant role in society because it 

enhances an individual’s character and self-belief which are attributable to genuine values 

instilled within them when young. As a result, it enables them to set high expectations for 

themselves.  

According to National Telecommunications and Administration (2013), information tools, such as 

the computer and the Internet are increasingly critical to economic success and personal 

advancement. It is clear that minorities who are uneducated living in low-income areas are among 

the group of people who do not have access to information resources. In order to solve this 

problem, young people need to be provided with basic skills in preparation for them to pursue a 

profession of their choice, and to develop their mental attitude and critical thinking to prepare 

them to take on new challenges and to deal with different life situations (Boone et al., 2014). For 

these individuals to progress in life, they need the tools to acquire information through the 

education process. This is all possible through computers that have revolutionised the education 

system (Ofosu & Asgill, 2003). Therefore, it is imperative for any government concerned with the 

welfare of its people to provide them with assistance in the form of loans for technological 

equipment so that they are able to achieve high academic standing and in doing so achieve a 

high standard of living (Ofosu & Asgill, 2003). 

2.6.1 CLOSING THE DIGITAL DIVIDE WITH PAIR PROGRAMMING 

The attitude of women towards CS is one of several factors that explains their low participation in 

computing. Women’s negative attitude towards CS and IT can be attributed to their low confidence 

and programming abilities. Based on the findings of Liebenberg et al. (2012), pair programming 
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made a positive contribution towards their enjoyment and the perception that high school girls 

have of IT. The girls in the study experienced increased motivation, focus and encouragement to 

pursue a degree in IT and start a career in the CS industry. Thus, pair programming could 

potentially provide an opportunity to dissipate this negative attitude towards computer 

programming (Baser, 2013). Research shows the benefits of pair programming for the retention 

of minorities, as well as performance in coding. Educators and researchers across the globe want 

to change the face of computing learning. Pair programming will make learning how to code 

accessible to all students at a young age (Werner et al., 2013). Even though pair programming 

has shown to be beneficial for students to learn coding, more research is needed on which pair 

programming qualities are most beneficial in terms of effective code learning (Werner et al., 2013). 

These identified qualities of pair programming may support black South Africans who are the 

underrepresented minority in IT and CS in South Africa.  

2.6.2 CODING INITIATIVES IN SOUTH AFRICA  

According to Lebo Miya, Managing Director of Ekasi Code Club, the innovation and creation of 

new ideas is important for South Africa and it is made possible by coding. The Ekasi Code Club 

is a company that takes in youth who are unemployed and turns them into junior developers 

(Gool, 2018a). A study performed at the University of Houston, focused on the impact of computer 

programming on cognitive outcomes, the results found that the students with knowledge of 

computer coding score much higher in varied cognitive ability tests (Gool, 2018b). These findings 

support the benefit of coding in improving a child’s basic logic. According to Moira De Roche, a 

training specialist, teaching coding improves children’s logical-thinking and develops their 

problem-solving skills (Rawlins, 2015). In their studies, Trends in International Mathematics and 

Science Study (TIMSS) have revealed that the public education system in South Africa ranks very 

low in comparison to the rest of the world in key skill area subjects, such as mathematics and 

science (Mzekandaba, 2016).  

Computer Applications Technology (CAT) and Information Technology (IT) are the only two 

computer-based subjects that are taught in high schools in South Africa. CAT teaches pupils the 

use of programs, such as Microsoft Word and IT teaches them computer programming (Rawlins, 

2015). South Africa struggles to include coding in its curriculum, thus not providing enough 

educational resources regarding coding. Less privileged youths in South Africa attend schools in 

their townships that only focus on implementing the basic school curriculum. Most of them only 
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get to use a computer for the first time when they study IT at universities or colleges. The lack of 

proper infrastructure in these schools makes it challenging for students to apply to universities 

and aspire to become IT specialists. Slowly but surely, young South Africans are receiving the 

necessary exposure to the digital sector by coding initiatives, such as CodeSpace, WeThinkCode, 

Code for South Africa, and GirlHYPE, to name a few. These initiatives offer them opportunities to 

code programs. The benefit of teaching children computer coding at an early age is that it will 

require less teaching as they advance in school. With the knowledge of coding at hand, all the 

children have to do is to learn new programming languages (Rawlins, 2015). According to Claire 

Jowell, the school curriculum should be industry-led, based on the industry’s demands and trends 

that are updated on a regular basis (Gool, 2018b). There are many useful online coding courses 

on the Internet for those who want to learn how to code. South African youths merely need access 

to online coding content to ensure that they will master core skills in order to be employed in the 

world of software development. 

2.7 SUMMARY 

The cause of the historical underrepresentation of ethnic minorities in STEM fields in South Africa, 

the digital divide and the closing thereof, the presence of women in IT and CS and coding 

initiatives in South Africa were reported on and discussed in this chapter. In Chapter 3, the history 

of pair programming, its use in the industry and the implementation thereof in the classroom are 

discussed. In addition, the necessary guidelines for pair programming are detailed in-depth. 
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CHAPTER 3 PAIR PROGRAMMING 

3.1 INTRODUCTION 

Pair programming is one of the twelve Extreme Programming (XP) main practices created by 

Kent Beck in the late 1990s (Gómez et al., 2013). Pair programming is an example of an XP 

practice, where two programmers collaborate at the same computer to accomplish a task and in 

the process, both programmers acquire knowledge and experience from each other frequently 

(Karthiekheyan et al., 2018).  

Pair programming requires two programmers to work together side-by-side at one station to solve 

the same problem or accomplish the same task. Essentially, it is can be viewed as two 

programmers who are working at two different levels of abstraction with two distinct roles. Laurie 

Williams and Robert Kessler made the idea of programming in pairs more definite by using the 

driver-navigator metaphor (Wray, 2009). Amongst the two, one programmer assumes the role of 

the “driver”, who is responsible for the task of coding by operating the keyboard and mouse, while 

another assumes the role of the “navigator” who is tasked with observing and analysing the 

driver's code and in doing so, searches for possible solutions (Gómez et al., 2013). In this chapter, 

the researcher discusses how pair programming originated in the industry, its use as an agile 

software development technique in the industry and as a teaching methodology in the classroom. 

3.2 PAIR PROGRAMMING IN THE INDUSTRY 

3.2.1 DEVELOPMENT OF SOFTWARE 

In the modern world, software plays an important role in our daily lives and software development 

has always been regarded as a difficult task to perform. In the software development industry, the 

delivery of a high-quality software program is the primary objective for the developers involved. 

The development of low-quality software is as a result of the lack of planning and a systematic 

approach towards the development of software. A software development approach is crucial in 

dictating the quality of the software being delivered. Many different development methodologies 

are proposed by developers and researchers alike to guide the process of software development 

in its entirety. The term methodology by definition is the collection of methods, procedures and 

standards that define an integrated synthesis of engineering approaches to the development of a 
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product (Parikh, 2019). Producing applications and/or products in a cost-effective manner with 

few errors as well as high usability, is the main reason for software development. Current agile 

software development approaches emphasise perfecting functionality requirements and technical 

implementation rather than developing software that meets the needs of customers (Sohaib et 

al., 2019).  

3.2.2 AGILE SOFTWARE DEVELOPMENT METHODOLOGIES 

The need for a sound software development approach led to the creation of several software 

development life cycle models by software practitioners (Matharu et al., 2015). A Software 

Development Life Cycle lays out the framework for the planning, in addition to the controlling of 

the development or the modification of software products, accompanied by the methodologies 

and models that are used for the development of software (Roebuck, 2012).  

In response to the ever-increasing complexity of software and dynamic user requirements, the 

software development industry has transitioned from traditional software development models to 

agile-based development (Matharu et al., 2015). Agile-based development methods have shorter 

development cycles, higher customer interaction, incremental delivery, frequent re-designs with 

accommodation of changes necessitated by the dynamic user requirements (Dhir et al., 2019; 

Dingsøyr et al., 2012; Matharu et al., 2015). In the last few decades, agile software development 

models have gained great popularity attributable to their simplicity, flexibility, and sustainability to 

the various requirements of software development. There are many agile approaches used by 

software development organisations and businesses alike, for example, there is Extreme 

Programming (XP), Scrum, Feature-driven Development (FDD), the Dynamic System 

Development Method (DSDM), Kanban, Lean Software Development (LSD), and Adaptive 

Software Development (ASD). Scrum and Extreme Programming, also called lightweight 

development methodologies, are the most widely used agile development models and are 

suitable for small-scale projects (Anwer et al., 2017b).  

XP is a collection of the best principles, values and practices that are suitable for small- to 

medium-sized teams. Kent Beck’s twelve practices include the planning game, small releases, 

metaphor, simple design, continuous testing, refactoring, pair programming, collective ownership, 

continuous integration, 40-hour week, on-site customer and coding standards (Beck, 2000). The 
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values that are the core of XP are communication, simplicity, feedback, courage and respect 

(Parikh, 2019).   

3.2.3 EXTREME PROGRAMMING EXPERIENCES IN THE INDUSTRY 

Most enterprises are enthusiastic about investigating and evaluating new management strategies 

and process brought forth by the new dimension opened by e-business (English, 2002). XP was 

introduced by Kent Beck in 1996 while leading C3 (Chrysler Comprehensive Compensation) 

which was a successful long-term project in order to re-write Daimler Chrysler’s payroll system. 

Kent Beck wrote the book “Extreme Programming Explained: Embrace Change” where he 

describes XP as a collection of highly disciplined practices that companies can initiate formally 

into an already existing process or use in addition to individual processes for project management, 

change management, requirements planning, and testing (English, 2002). The C3 project 

commenced in January 1995. Kent Beck was sought out a year later to aid with performance 

tuning for the already existing payroll system. Beck discovered code that was factored poorly, no 

repeatable tests were performed and that the current team and management had lost confidence 

in the project. Beck developed a schedule for the team to follow, rules for testing were established 

as well as accepting the standard, tried and tested pair programming technique while 

incorporating user stories from the customers (Beck, 1999). At the end of thirty-three weeks the 

development team had a system ready for performance tuning and that increment was launched 

mid 1997 which was not as soon as they had hoped. The first full XP project had several new 

system features added to it throughout the life cycle, but this long development experience had 

fallen short of the promises made to management, and the customers because the team failed to 

follow all the XP principles (Beck, 1999).  

In 1993, Ford launched the Vehicle Costing and Profit System (VCAPS) which is an analysis tool 

that produces reports on production revenues, expenses and variable costs, such as labour hours 

(Beck, 2000). The VCAPS project posed a challenge to Ford in the sense that the team was 

unable to keep up with the ever-changing requirements and that the system was time-consuming 

when processing input manually prior to producing the final output. Ford solved these problems 

by adopting XP practices. It offered the Ford development team the agility to meet constantly 

changing requirements on time and deliver a product of high quality. After a year of adding 

automated testing units that enabled continuous integration and small releases, the team reported 

a 40% drop in bug reports (Beck, 2000). A year and a half later, the developers used pair 
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programming which was awkward at first but the team was able to decrease the number of 

releases and system failures. As a result, the customer had a stable system which indicates that 

it is successful. 

Iona Technologies failed to adopt one of the twelve practices (40-hour work week) and were 

hesitant to use pair programming. However, they found that  XP practices were the best way to 

maintain code for software re-engineering (Erickson et al., 2005).  Another experience report 

stated that an in-trouble project by ThoughtWorks was saved by the development team 

implementing XP practices. Similarly, they were also a bit hesitant about the use of pair 

programming and chose not to switch to a 40-hour work week, but these practices ensured that 

they delivered the customer’s final product on time (Erickson et al., 2005). Motorola conducted a 

study that partially opted for the development of mission-critical software. The development team 

made notable changes to a legacy code base in order to develop a new release. The Motorola 

development team saw an increase in productivity, higher velocity and far less defects in 

comparison to company averages (Erickson et al., 2005). In France in 2009, a survey was 

conducted, by The French Scrum User Group, on the usage in addition to the usefulness of agile-

based development methodologies. The respondents of the survey were 230 professionals from 

over 150 companies. The survey concluded that 52% of the companies recommended the use of 

the XP approach (Matharu et al., 2015).  

The experiences from the aforementioned projects indicate that some of the twelve XP practices 

can be useful in large companies. Most importantly, it must be implemented in such a manner 

that they fit into the company’s processes and structure. XP projects may dynamically prioritise 

requirements and implement additional features. This allows the development team to be flexible 

to compromise and commit to a schedule that is many months away (Harrison & Stokes, 2017). 

Other XP practices, such as pair programming may be adopted by a company if it fits with the 

project’s processes and culture and its use is recommended. Not all projects follow all the XP 

practices and the reason for deviation is that certain XP practices are not appropriate for large-

scale software projects and they may not fit with other practices in existing projects (Harrison & 

Stokes, 2017). XP greatly emphasises the implementation of its practices to the extreme level in 

order to obtain a high-quality end result. XP is suitable for small development teams; however 

some of its practices may slow down the development processes which indicates that teams 
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should only adopt practices that fit with the process and culture of the project in development 

(Anwer et al., 2017a).  

3.2.4 PAIR PROGRAMMING AND EXTREME PROGRAMMING 

In the 1990s, the introduction of pair programming as a practice was part of the Extreme 

Programming (XP) software development methodology. Currently, it is a vital element of XP 

software development methodology in the Information Technology industry (He & Chen, 2015). 

In the IT industry, programming in pairs is used by many software development organisations in 

modern times. In software development, pair programming is an obligatory technique for all work 

that involves development because the expectation is that it stimulates communication and 

increases the quality of code among development teams. Large software systems can only be 

built by the participation of a large team of software developers. Plenty of communication is 

required for teamwork to be successful, but the programming of a large software system is divided 

into tasks that are separate and are completed by individuals alone (Vanhanen, 2011).  

In essence, pair programming focuses on the principle of sharing expertise across the teams 

involved in a project. It is important to keep the developers in a team working on a project focused 

which is essential in such a knowledge-based activity. Several studies have been conducted 

investigating how the different levels of attention affect the quality of work. Software developers 

are exposed to the risk of losing attention due to their work being performed on a computer. 

Limited attention can cause lower quality work, and an overall decrease in social ability (Sillitti et 

al., 2012).  

This decrease comes with negative consequences for the entire software development process 

that may have a severe impact on the interactions between colleagues and customers when 

requested changes need to be made. To increase attention levels, an external stimulus can be 

introduced to keep attention high or an internal cognitive control mechanism that keeps attention 

aligned with the priorities of the objectives that need to be completed (Sillitti et al., 2012).  

Existing research on attention levels only focuses on individual developers who are externally 

driven. Ignoring the fact that the nature of work, the work environment and the pair compositions 

between the development teams influences how developers handle external and self-initiated 

interruptions (Di Bella et al., 2012). Pair programming can be an external stimulus because of the 
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two developers working together and communicating (exchanging ideas, gestures and emotions). 

As an internal cognitive control mechanism in software development, pair programming is also 

effective because the developers feel morally obliged not to waste time. They want to always 

deliver their best work and they do not want to look incompetent in front of their development 

team, and the developer with whom they are paired (Sillitti et al., 2012). Ethnographic 

observations made by Chong and Siino (2006) indicate that factors, such as interruption length, 

content, type, occurrence time, and interrupter/interrupted strategies differ for pair programming 

versus solo programmers.  

When working with large teams, there is a great possibility that many problems can arise. These 

problems that are associated with large teams can have a negative impact on the overall 

performance of a team (Pieterse et al., 2012). Empirical evidence suggests that two developers 

working as a pair are twice as effective compared to two individual developers working alone in 

terms of the speed and the possibility of finding a solution for a problem (Karthiekheyan et al., 

2018). Over a period of 10 months, an industrial case study was conducted at an IT department 

of a large Italian manufacturing company by Sillitti et al. (2012) where a team of 17 software 

developers worked in pairs during observation. This case study, in particular, aimed to determine 

how pair programming affects how much developers stay focused on their tasks. It was found that 

the developers spent more time in directly productive activities and switched less often between 

tools within specific work sequences. When developers switch tasks, they tend to gather 

information required quicker. Notably, they stayed more focused on a task for a longer amount of 

time before switching to other tasks. 

Pair programming is an interesting feature of XP and is one of the twelve practices that 

distinguishes the XP methodology. Programmers write their code and integrate it together, 

meaning that the development team as a whole has collective ownership of the application code. 

This allows each development team member to change any part of the code (Dalalah, 2014). As 

beneficial as this practice is, it can be detrimental to the development process of a project if it is 

implemented in the wrong environment. Pair programming and its effect on attitude changes, 

functionality and solution quality should be taken into account for the development of an 

application.  
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Altogether pair programming is effective in the work environment because the developers are 

constantly brainstorming, changing roles between each other through reviewing their code which 

reduces the number of defects to a great extent. This results in the development of a quality 

product without errors. In the industrial data analysed by Sillitti et al. (2012), there is strong 

evidence that pair programming aids in the elimination of workplace distractions and significantly 

increases the focus developers have on their work. Pair programming has risen to popularity 

alongside Extreme Programming in both the IT industry and educational fields. With the increased 

popularity of agile software development methods, this collaborative form of programming has 

become a great alternative to the traditional practice of solo programming (Aguirre-Urreta et al., 

2015). 

3.3 PAIR PROGRAMMING AND THE CLASSROOM 

3.3.1 INTRODUCTORY PROGRAMMING COURSES 

The exponential growth of ICT has a great impact on education in addition to the capacity of 

teaching and learning (Isong et al., 2016). Programming is an essential part of the Computer 

Science problem solving and design process, and a central feature of most introductory Computer 

Science curricula is learning to program (Ghobadi et al., 2017). The lecturers and researchers in 

Computer Science are constantly trying to come up with better and more effective ways of 

teaching programming. Several studies have been conducted about the state of programming 

learning and the results thereof are of great concern (Kaila et al., 2015). Students’ active learning 

in the form of physical motor movement is positive for knowledge retrieval. These positive effects 

are conceptual and practical (Von Hausswolff, 2017). Active learning is considered to be a valid 

method for engaging students. In education, it leads to improvement in results and motivation 

(Freeman et al., 2014).  

Introductory programming courses are regarded as one of the most challenging courses for 

beginner programmers (Malik & Coldwell-Neilson, 2017). Teaching introductory programming 

classes is listed as one of the seven challenges in Computer Science Education, due to it being 

a multifaceted process that involves gaining knowledge of the syntax and semantics of a 

programming language and developing general problem-solving skills (Umapathy & Ritzhaupt, 

2017). It is a complicated skill that requires computational thinking, extensive programming 
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language knowledge, in addition to the expertise to differentiate, merge, and manipulate 

appropriate components to solve a problem (Inventado et al., 2017).  

To teach programming effectively, practicing is a strategy that encourages skill mastery when 

students receive adequate experience and feedback. Solving problems is a sought-after skill in 

pursuit of being successful in learning. Typically, introductory programming classes for 

undergraduates require the students to individually complete assignments that are content-

specific. Programming courses require students to spend a vast amount of time practising which 

weakens their academic motivation in the course. Therefore, many students think that 

programming is comparatively difficult, which as a result leads to poor academic performances 

and also contributes to a high course withdrawal rate. Novice programmers have to 

simultaneously focus on various skills, such as comprehension, strategies to solve problems and 

program design (Malik et al., 2019). Many novices do not have adequate computational thinking 

and problem-solving skills when utilising key programming concepts to express their solutions in 

programming code (Koulouri et al., 2015). “Computer programming courses require strong 

cognitive ability, rigorous logical thinking as well as abstract conceptual understanding” (Dou et 

al., 2017). 

Many studies have been performed in the past to determine the challenges and difficulties that 

novice programmers face. The two major factors for the high failure rate associated with 

introductory programming courses are the teaching methods and curriculum organisation (Malik 

et al., 2019). The development of software is incremental and iterative, meaning that a software 

project goes through several iterations before successful completion. In the classroom, software 

development is traditionally solitary and non-incremental. This form of programming is not 

representative of what happens in the industry which poses a major problem for educators 

(Umapathy & Ritzhaupt, 2017).  

Iqbal and Harsh (2013) pointed out that the traditional approach to introductory programming 

places its focus mostly on programming language syntax and semantics. According to Kaila et al. 

(2015), pair programming is an example of active learning. Students who work and participate in 

a pair transfer knowledge actively through pair programming.  
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In their study, Umapathy and Ritzhaupt (2017) established that pair programming had a significant 

and positive effect on students’ grades on programming assignments when compared to solo 

programming. According to the results of a study on pair programming improving student 

retention, it was reported that students who used pair programming in introductory Computer 

Science courses were more likely to remain enrolled in the course three years after the study was 

conducted. These same students were also more likely to have a Computer Science major in 

comparison to the students who used solo programming (McDowell et al., 2002). Previous 

research findings demonstrate that the use of pair programming in introductory programming 

courses provides notable benefits to programming overall (Smith et al., 2017; Williams & Kessler, 

2000a; Williams & Kessler, 2001).  

3.3.2 A LOOK AT PAIR PROGRAMMING 

Pair programming is a technique where both students work together closely and attentively, 

writing down the things that they have to do and pointing out parts of the code on which they are 

working on the computer screen. The parties are required to change roles during the period of 

programming frequently in order to play to their respective advantages. Working in pairs entails 

cooperation, consultation, exploration and the exchange of knowledge by the two students (Dou 

et al., 2017). 

Laurie Williams and Robert Kessler conducted a comprehensive research study that entailed the 

effects of pair programming on a student’s learning style, ability, personality, in addition to other 

factors (Williams & Kessler, 2001). The research findings suggest that pair programming can be 

a useful approach to teach computer programming in higher education to facilitate effective 

knowledge sharing among the students (Kavitha & Ahmed, 2015). Thus, pair programming in 

education reaps more benefits in comparison to pair programming implemented in the IT industry. 

Research shows that having two students sharing a computer while programming can increase 

their learning and retention in a Computer Science major. In addition, it instils a sense of belonging 

among the underrepresented students (Lewis & Shah, 2015).  

Pair programming is widely used in the classroom and it is introduced typically in tertiary education 

(Zarb & Hughes, 2015). It is seen as a valuable technique in the classroom due to the number of 

identified conditions and interactional forms conducive to learning in collaborative contexts (Begel 

& Nagappan, 2008; Lewis, 2011). Pair programming does not deter individual student 
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performance. The pairing of students has shown that students are more likely to complete courses 

that are related to Computer Science, as well as to achieve satisfactory grades for their practical 

assignments when compared to the performances of their solo counterparts (Zarb & Hughes, 

2015). An empirical study conducted by Kavitha and Ahmed (2015) found that students exposed 

to pair programming in the classroom reported that working with a partner improved their 

comprehension of unfamiliar programming topics. Dewi et al. (2021) from their research found 

that there is a significant positive influence between the variable pair programming learning model 

and student learning outcomes. As a result, it means that through the application of the pair 

programming model, the outcomes of student learning can be improved. 

In terms of learning programming in academic environments, pair programming has been 

considered as a promising strategy. Students tend to participate and interact more with fellow 

learners when they engage in collaborative activities such as pair programming in comparison to 

individual programming. Studies conducted by Williams and Kessler (2003) have revealed that 

pair programming complemented the learning process significantly within a short period. 

Furthermore, it helped students gain practical software development experience due to them 

discussing the work with each other through sharing knowledge and experience in the process of 

collaboration. 

According to Pieterse et al. (2012), team success, and levels of participation are influenced by 

the distribution of academic ability among team members. University students are more 

compatible when they are of the same gender, perceive their partner as having an equal or higher 

programming skill level, share the same work ethic and have different learning styles (Denner et 

al., 2014). In terms of academic alignment, a team that consists of members with similar academic 

skills and abilities experiences lower occurrences of conflict due to having a sense of balance 

between them (Pieterse et al., 2012). The educators can allow students to choose desired 

partners or the educator can be proactive and form student pairs that are most likely to cooperate 

well together. To form pairs that are highly compatible, educators are encouraged to pair students 

together who have the same level of programming skill as measured by a total grade for a 

previous Computer Science subject. In addition, in order to attain success with pair programming 

it is important to understand the social aspects of pair programming (Cockburn & Williams, 2000). 

An individual’s personality can be measured across quantifiable parameters grouped under a set 

of dimension often specified in a framework (Poonam & Yasser, 2018). There are several 
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personality assessment methods such as the  Myers-Briggs Type Indicator (MBTI), Eysenck 

Personality model and the Five Factor Model (FFM)  (McCrae & John, 1992; Poonam & Yasser, 

2018; Salleh et al., 2010b). The MBTI loosely inspired by Carl Jung’s psychological types, is one 

of the most widely-used and suitable personality assessment tools for measuring personality traits 

of programmers (Hannay et al., 2009; Poonam & Yasser, 2018; Salleh et al., 2014). Educators 

can use the Myers-Briggs personality test to form pairs. Students with a similar work ethic can be 

identified by prompting students to provide a number from one to nine which indicates how hard 

the student works, nine indicating that they work hard to get the best grade (Williams, 2010a). It 

is up to the educator if he/she wants the pairs to stay together for an assignment or remain the 

same for the duration of a semester. 

Studies have proved that collaborative learning in the form of pair programming establishes an 

environment that is conducive to a more advanced level of learning and active social engagement, 

which as a result produces more confident and interested students and also decreases their 

frustration levels (Williams, 2010a). Pair programming fosters a communal and supportive 

working environment due to the social interaction with a peer in the computer laboratory. This 

learning approach is beneficial for Millennials due to this current generation placing its value on 

collaborative environments (Oblinger, 2003). Furthermore, the collaborative aspect within pair 

programming gives the students exposure to teamwork and reinforces communication skills that 

are necessary in the IT industry.  

3.3.3 IMPLEMENTATION AND USE OF PAIR PROGRAMMING 

Under the assumption that a pair is compatible, pair pressure is a positive form of pressure that 

students in a pair put on each other. The students tend to work smarter and harder on a 

programming assignment due to the fact that they do not want to let their partner down (Williams 

& Kessler, 2000b). This form of pressure instils focus into the pair because they will not be 

distracted by surfing the web, making phone calls or reading text messages. Pairs work more 

intensively for a few hours than they would if they were alone because there are no interruptions 

(Williams & Upchurch, 2001). The presence of their partner by their side makes recovery after an 

interruption occur quickly and also returns the level of focus required for the primary task at hand 

(Lee & Ahlswede, 2007). Pair programming needs coordination that is scheduled, it forces 

students to work intensively, and the explicit accompanying deadlines highly motivate the 

students to complete the task at hand during the practical session (Williams, 2010b). 
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In pair programming, brainstorming is important because this is how a pair provides a solution to 

a problem together. When a pair works at its best, each student brings his/her skill set, ability, 

and perspective to the table to achieve a shared goal and consequently complete the task put 

before them (Williams, 2010a). Each student has a different outlook and therefore an alternative 

way of approaching a shared problem. The students must brainstorm ideas and evaluate more 

alternatives on how to approach the problem (Williams, 2001). This is beneficial because when 

working alone, one tends to settle for the first approach that comes to mind. Furthermore, in a 

pair, students consider each other's ideas and include their suggestions in the determination of 

the best solution for a problem (McDowell et al., 2003; Nawrocki & Wojciechowski, 2001). The 

navigator in the pairing also plays the role of a reviewer, continuously pointing out any syntax or 

semantic errors in the code on a regular minute-by-minute basis (Jones & Fleming, 2013). Pair 

reviewing is also helpful for picking up unconsidered cases in program design that may go 

unnoticed when worked alone. The navigator can mitigate problems even before they can occur. 

The review process in the pair in the form of brainstorming helps to avoid careless errors that a 

programmer working alone would unknowingly make. It also saves time for debugging to uncover 

and fix bugs (Williams, 2010a).  

When students have a partner, it builds their courage tremendously. Students receive a boost of 

confidence to accomplish tasks that they might be afraid to do alone due to the affirmation that is 

gained from their partner (Williams & Kessler, 2000a). It is also helpful because a partner is 

courageous enough to admit when he/she does not know the syntax or a programming language 

rule. Students who work by themselves become embarrassed when they do not know something 

and will desperately try to figure something out on their own instead of reaching out to a peer for 

assistance (Williams, 2010a). When two students do not know something, they simultaneously 

realise that it is better to seek help from an educator or assistant. Pair learning is a critical part of 

using pair programming in education because knowledge is constantly being transferred between 

the two students. The knowledge being passed varies from usage tips for programming tools as 

well as programming language rules. Unspoken skills and habits are shared by the students 

during the session (Cockburn & Williams, 2000). Depending on the setting, students can rotate 

and work with new partners and in doing so, share knowledge and new skills from the new 
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partnership. Switching partners on a frequent basis throughout the semester is an effective way 

of spreading knowledge around in the class (Denner et al., 2014; Williams & Kessler, 2003).  

Initially, the principles of pair programming are unfamiliar to students and it is important that 

educators thoroughly introduce them to the principles of pair programming. The students involved 

are required to cooperate closely by discussing and helping each other with a task, and frequently 

exchange roles to achieve the objectives as a cohesive unit. It is important that the pairing of the 

students is conducted in a controlled environment with the teacher actively involved in the correct 

implementation and use of pair programming principles by protecting the interests of the student 

pairs with strict participation and withdrawal rules (Dou et al., 2017). It is important to note that 

the effect of pair programming is strongly influenced by personality types and individual abilities 

(discussed further in Section 3.6.3). The students' programming capabilities can be evaluated by 

the quantity of code written, and determining the level of ability the students possess. Previously, 

researchers have identified that personality, gender, and experience in programming affects the 

efficiency of pair programming. The most important priority in software development is the 

problem-solving and programming ability of a programmer. The quality of code and programming 

efficiency can be improved by means of organising and selecting partners based on their 

personality and ability (Dou et al., 2017). 

Plonka et al. (2015) recommend a partner combination that consists of a senior and a junior 

developer or at the least a pair with complementary knowledge. While participating in pair 

programming, developers learn from one another, particularly when a junior is paired with a senior 

developer; they learn quicker (de Lima Salge & Berente, 2016). Furthermore, in the industry, and 

in the classroom, programmers will pair up with different programmers throughout the semester, 

and as a result, this cross-pollination with different sets of pairs will improve the entire class (de 

Lima Salge & Berente, 2016). 

3.3.4 PAIR PROGRAMMING AND COMMUNICATION 

Pair programming consists of both verbal as well as non-verbal forms of communication, which 

makes it a highly communication-intensive process (Sharp & Robinson, 2010). Effective 

communication is paramount to success when it comes to teamwork. The silence within a pair 

should be considered as a signal of danger (Williams & Kessler, 2002). This style of coding 

requires constant communication for it to be successful in academia and the industry. Thus, pair 
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programming’s success is due to the collaborative way in which assignments are completed. In a 

professional setting or even in an academic one, there is a necessity for constant communication 

between the individuals programming together in a pair. This necessity in pair programming is 

crucial because it benefits the exchange of ideas, problem solving, and feedback during the 

collaborative programming process taking place between two programmers. According to the 

responses from industrial developers, surveyed by Begel and Nagappan (2008), a good 

programming partner is a person who is a good listener, is articulate, enjoys debating and 

discussing code, eases the thought process through constant verbalisation, and is not afraid to 

ask questions and deliver own opinions.  

Communication is intrinsic to the pair programming process. There is a positive correlation 

between the number of communication transactions within a pair and the pair’s productivity (Zarb 

& Hughes, 2015). Other studies find that there is no correlation between a high level of 

communication and compatibility between partners (Choi et al., 2009). Communication in this 

context is still undergoing investigation in terms of the final product and the process. Stapel et al. 

(2010) hypothesise that there could, in fact, be a difference between the level of communication 

between novice first-time pair programmers and industry pair programmers. They believe that this 

is caused by the more experienced industry pair programmers being more at ease with 

communication compared to the novice pair programmers that may be concerned about the 

consequences of sharing the wrong ideas during a paired practical session. The communication 

or the lack thereof within a pair might determine the success of a pair programming assignment. 

People differ from each other and therefore they individually possess different behaviours and 

opinions. It is imperative to the success of pair programming to understand how two students can 

best work together (Lewis, 2011).  

3.3.5 GUIDELINES FOR EDUCATORS IN THE PAIR PROGRAMMING CLASS 

The structure of a class can fail to encourage a consistent pair programming environment (Bevan 

et al., 2002). Therefore, several guidelines must be used as a framework by educators interested 

in adopting pair programming (Zarb & Hughes, 2015). There are no scientifically-derived 

guidelines as yet for novice programmers instructing them on how to cope with the various 

scenarios that might be encountered during a practical pairing session (Zarb & Hughes, 2015). 

However, based on seven years of experience with more than 1000 students, Williams et al. 
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(2008) outline guidelines for the implementation of pair programming in the classroom setting. 

Williams et al. (2008) contend that: 

 Students require training to pair successfully. 

 Educators should check in on the pairs to ensure effective teamwork and address 

questions, but students are encouraged to find answers independently. 

 Attendance should be required at each practical session and penalties for tardiness should 

be applied to the less diligent student. 

 Educators should ask students for feedback about their programming partners and take 

action promptly when a partner is not performing equitably. 

 Students must be encouraged to immediately report any problems so that the educator 

can intervene and avoid conflict. 

 Students should be evaluated on paired and solo work. 

 Educators should make every attempt to assign compatible partners. Throughout the 

course of the semester, students should be assigned to different partners. 

 Paired students should be able to sit comfortably next to each other and have easy access 

to the computer screen, keyboard, and mouse. 

 The pair should strictly be working together on the same problem. 

 

When carrying out pair programming in a computer laboratory, educators need to determine how 

to effectively form pairs and observe the behaviour of the paired students. The educator must 

clearly describe the requirements of the practical assignment and prompt students to exchange 

roles at regular intervals. The educator may ask the students to pair with different partners on 

different occasions to reflect on the fairness of the pairing.  

A large empirical study of 1 350 students was conducted to examine the factors that an educator 

can use to proactively form pairs that are most likely to be compatible (Williams, 2010a). The 

study has indicated that heterogeneous pairs consisting of a male and female, brought forth 

creative and high-quality solutions. If the rotation system of pairing is implemented correctly, the 

students’ benefit from this practice will be even greater. Students learn more about development 

tools and solve problems quicker through communication between the students which results in 

effective knowledge management.  
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3.4 CHALLENGES OF PAIR PROGRAMMING 

Pair programming has undergone extensive studying in the learning sciences and the results from 

research have proved that programming in pairs encourages the discussion of ideas among small 

groups and it also fosters critical thinking and engagement (Shi et al., 2019). However, pair 

programming is not always implemented correctly and the driver and navigator roles do break 

down in practice. Pair programming is an effective practice, but it does pose several challenges. 

Williams (2010a) has identified four pair programming challenges, and how to overcome them.  

 Traditionally programming is an individual practice, and it can hamper a skilled 

programmer from concentrating when working with a partner. The solo programmer may 

feel like programming in a pair is a waste of time, especially if their partner has less 

programming skills. The same applies to software engineers in the industry. However, 

those who successfully implement the principles of pair programming tend to then prefer 

working in a pair than working alone. To overcome this problem, educators are 

encouraged to ensure that pair programming principles are implemented correct and 

students are paired with a partner of a similar programming skill level. 

 Scheduling can make it difficult for students to meet with their partners because students 

are often busy and may have conflicting class schedules. Scheduling is also perceived as 

a challenge for in the industry due to time conflicts as it reduces employees’ choice of 

working hours. To solve scheduling problems, the educator should take attendance at 

every programming practical sessions.  

 Incompatibility can be cumbersome task for the student that possess a higher 

programming skill level than his/her partner. It can lead to a lob-sided partnership where 

one student does all of the work required to complete an assignment. To solve this 

problem, the educator assigns the students in a classroom with a different pair 

programming partner for each practical session.  

 Programming from a remote location may make students feel as if they are unable to 

program in a pair. There are students that prefer to work from their dorm rooms and other 

students that are registered for long-distance courses might not be able to physically meet 

and work with their partner. Similar to developers in the industry, these students depend 

on the Internet to program by making use of web-based tools. To overcome this problem, 
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the educator should pair long-distance students together in order for them to work 

remotely.  

Here follows another challenge identified by Hanks et al. (2011): 

 Computer science educators have expressed concern that students who learn to program 

in their introductory programming course in a pair, will not be able to program alone in 

later computer sciences courses. However, students at two institutions indicated that pair 

programming helped them to learn to program and provided them with a sturdy foundation 

for situations when they have to program individually. It is recommended that students in 

later programming courses be given clear instructions about appropriate and inappropriate 

collaboration. 

3.5 THE ADVANTAGES OF PAIR PROGRAMMING 

There are many benefits of pair programming reported for novices as well as and experts. These 

benefits include the pair experiencing greater enjoyment of the programming task at hand, an 

increased distribution of knowledge, and the production of high quality code (Cockburn & 

Williams, 2000). Student collaboration in introductory programming courses has many benefits 

such as exposure to different ideas, as well as an increased level of motivation as suggested by 

previous research on this topic (Celepkolu & Boyer, 2018). The benefits include: improvement in 

the quality of the students’ code in terms of functionality and readability, solutions to a 

programming task are found faster, and an increased retention rate in the programming course, 

and an increase in the enjoyment of learning to program for the students, and significant 

improvement in students’ self-confidence. Some studies have suggested that pair programming 

is especially beneficial for female and minority students (Braught et al., 2011). The benefits of pair 

programming are time, quality, knowledge transfer, pair pressure, satisfaction, confidence, 

perception and workload reduction. In the context of education, these benefits are described as 

follows: 

3.5.1 TIME 

Pair programming can lead to people incorrectly assuming that the technique can only be 

implemented during code development, but actually programmers can pair up at any time during 

all development phases of a project. Paired programmers work more efficiently and productively 

making the whole programming experience more enriching (Benadé & Liebenberg, 2017). Pair 
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programmers take less time to complete set programming tasks. The pairs also experience a 

skewed perception of time, feeling that they worked for less time than they actually did (Zarb & 

Hughes, 2015). However, programmers report that programming in pairs consumes less time 

than it would take to produce the software programming individually. Less time is also spent on 

irrelevant tasks. Working in a pair forces them to concentrate more on the tasks (Demirşahin et 

al., 2012). Otherwise, programmers feel that they are wasting their programming partner’s time. 

The time spent communicating between teams and programmers involved in the development of 

software is less due to the established communication channels and pair programming protocols. 

(Demirşahin et al., 2012; Williams & Kessler, 2000a). 

3.5.2 SOFTWARE QUALITY 

“Two minds are better than one”. With that being said, one can expect the quality of the software 

to increase from pair programming. Quality is increased by the additional substantive problem-

solving capabilities an additional developer brings and this is enhanced by the constant 

continuous communication between developers (de Lima Salge & Berente, 2016). Potential 

program errors are identified earlier because of the navigator’s continuous observation and code 

reviewing, which saves a significant amount of time on debugging (Karthiekheyan et al., 2018). 

In the industry, re-factoring is a process of continuous design improvement with the aim to keep 

the product design as simple as possible. Refactoring throughout the life cycle of the project 

increases the quality of the code (Dalalah, 2014). Better quality code throughout the development 

process saves time later on in the development life cycle.  

In XP, the automated unit tests and customer tests ensure that the application contains all the 

required features and in doing so, results in better overall product quality (Dalalah, 2014). In the 

educational context, pairs working together on an assignment produce programs that are 

significantly better than those of the students programming individually (Zarb & Hughes, 2015). 

Therefore, pair programming is considered as a good investment both in education as well as in 

the industry. 
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3.5.3 TRANSFER OF KNOWLEDGE 

There is an exchange of knowledge that takes place between students in the pair programming 

process (Karthiekheyan et al., 2018). The fast transfer of knowledge is one of the major benefits 

of pair programming which is widely acknowledged by a range of studies in the industry. For 

example, a study conducted by Hodgetts (2004) reported that a team with only one database 

expert decided to make use of pair programming in order to transfer knowledge amongst the 

developers. In doing so, they managed to learn quickly through pairing with the database expert 

and as a result they were able to complete the database tasks by themselves. Plonka et al. (2015) 

suggest that a vast amount of knowledge is gained about software development tools.  

Furthermore, in their study, they established that there is an increase in the knowledge of code, 

in addition to software systems when using pair programming. Team knowledge is greatly 

enhanced during daily meetings where all members are involved sharing their experiences and 

lessons learnt during the development process (Anwer et al., 2017b). In the classroom, students 

working in pairs can answer each other’s questions, rather than consulting their educator as their 

only source of advice which as a result contributes to the learning process (Zarb & Hughes, 2015). 

Communicating knowledge is important. In addition to switching roles amongst pairs, people are 

around in order to avoid the loss of any knowledge that may lead to a coding bottleneck (Dalalah, 

2014). This enables the programmers to share knowledge, to learn from each other and also to 

improve their problem-solving skills.  

3.5.4 PAIR PRESSURE 

Pair pressure is experienced when two people are working together and it is shown to encourage 

programmers to communicate with each other, which adds to the pair pressure. Subsequently, 

the ‘pair pressure’ causes the students to start work earlier and manage their time wisely (Zarb & 

Hughes, 2015). The students are more focused and concentrate more on the task at hand and 

the chances of interruptions and distractions are less. Constant communication leads to fewer 

misunderstandings because the probability of one student incorrectly interpreting a task 

requirement is much higher than when there are two students. Students are unlikely to waste time 

by reading text messages, or surfing the web due to the pressure put on them by their partner, 

expecting and awaiting continuous input and contribution. Software engineers work harder and 

smarter for a few hours at a time in a pair and this helps the engineer to recover the state of a 

primary task after an interruption which, as a result, leads to quick interruption recovery (Williams, 
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2010a). Pair pressure adds benefits to the pair programming experience, such as increased 

knowledge distribution and an overall greater enjoyment of programming (Zarb & Hughes, 2015). 

3.5.5 SATISFACTION 

Kent Beck claims that your project will be successful if you have a reasonable environment in 

which to work in (Gallis et al., 2003). A strong level of personal commitment along with a high 

degree of involvement in daily programming activities and programming in a pair, can have an 

impact on a programmer’s satisfaction (Pedrycz et al., 2011). Working together in a pair with a 

partner and developing a collectively-owned product brings programmers close which leads to 

them gelling together as a pair (Williams & Kessler, 2000a). The physical environment in which 

pair programming is implemented may affect the satisfaction of developers. The layout of the 

office, furniture arrangement, noise, and classmates can influence the motivation of programmers 

to work (Gallis et al., 2003). Students also experience satisfaction after getting to know their 

classmates throughout the semester when partner switching takes place in the classroom 

(Williams, 2010a). Pair programming leads to students who are more satisfied with their work 

regardless of their programming ability and grade-level (Kavitha & Ahmed, 2015; Williams & 

Kessler, 2000a). Students who are successful at pair programming are happier, more self-

sufficient and are most likely to continue using this practice in future endeavours and they tend to 

have a preference for it over solo programming. It is important to understand the reasons behind 

satisfaction when it comes to the management of software development. With that being said, a 

team member’s personal satisfaction is dependent on the team dynamics which is a strong 

indicator of the product’s success, and the achievement of the company’s objectives (Lewis, 

2011). From the research study conducted by Liebenberg et al. (2012) on pair programming and 

secondary school girls’ enjoyment of programming, the findings show that pair programming does 

indeed positively contribute to the high school girls’ enjoyment of programming and Information 

Technology as a subject.  

3.5.6 CONFIDENCE 

The quality of student interactions has a direct influence on students’ learning during collaborative 

activities as shown by past research (Grover et al., 2016). Collaborative work cannot be 

successful by itself; it requires support. Pair programming has shown to increase the confidence 

of university students in an introductory computer programming course and has since been 
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regarded as a best practice (Campe et al., 2018; Grover et al., 2016). Programming with a partner 

builds an immense amount of courage. The programmer gains affirmation from his/her partner 

which, as a result, gives him/her more confidence to do the things that he/she might be afraid to 

do when programming alone. Working collaboratively helps programmers to gather a sufficient 

amount of knowledge to feel confident in what they are doing (Williams, 2010a). Student pairs 

displayed a more positive attitude in their work than when compared to individual student 

programmers (Williams & Kessler, 2002). Students agree that they have more confidence in their 

final solution when it is completed in a pair (Williams & Kessler, 2000a). Research shows that pair 

programming helps students to solve problems effectively and quickly. Beginners who use pair 

programming exude higher levels of confidence than their counterparts that program solo (Shi et 

al., 2019). The high self-confidence in programmers improves their ability to tackle and solve 

complex programming tasks faced at work or university (Parikh, 2019). 

3.5.7 PERCEPTION  

Perception is a complex process which involves getting information from the world around you 

and changing it into a real experience and it also involves other cognitive processes, such as 

memory, attention and language (Dhingra & Dhingra, 2011; Sharpe et al., 2007). A study 

conducted on students’ perceptions of pair programming by Chaparro et al. (2005) found that the 

programming task difficulty and the students’ individual skill level played a major role in pair 

programming effectiveness. It is important to note that an individual’s perception can change while 

he/she are performing a task. In this study, it was established that students preferred to work with 

a partner who has a similar skill level in order for them to contribute equally to the pair’s project. 

According to Khomokhoana and Nel (2020), programmers form perceptions while comprehending 

source code, based on experience only which, as a result, can cause them to ignore all the stated 

facts in the process of solving a problem. Williams et al. (2006) conducted a comprehensive study 

in 2005 on the effects of student ability, learning style, personality type, as well as other factors 

on pair programming.  

The results of this study showed that personality type did not play a major role in pair compatibility, 

but the perceived technical competence plays a role in dictating pair compatibility. A study carried 

out by Lewis (2011) on the perception of difficulty established that on average, students 

implementing pair programming rated the difficulty of various topics as slightly less difficult. A 

team member’s behaviour is greatly affected by the mutual behaviour of both team members. On 
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a daily basis, a programmer is required to mediate his/her with someone else’s ideas, and 

behaviour (Pedrycz et al., 2011). Perception allows students to perceive Computer Science as a 

collaborative endeavour, rather than to isolate the programming process, which is a common 

misconception that novice programming students have regarding Computer Science (Lewis, 

2011).  

3.5.8 WORKLOAD REDUCTION 

Grading student work is the most important task for a Computer Science/Information Technology 

educator. The purpose of grading is that it evaluates the students and it also provides the student 

with feedback on his/her performance (Levine & Walker, 2006). Educators can apply pair rotation 

to avoid one student saying he/she did all the work while the partner insists on his/her contribution 

towards the assignment. Pair rotation provides the educator with input from several different 

partners throughout the semester and this consequently allows him/her to deal with students who 

are ineffective (Srikanth et al., 2004). Pair pressure causes students to manage their time more 

efficiently and to start working on an assignment earlier which reduces the number of teaching 

cases with which an educator needs to deal (Williams & Upchurch, 2001). Pair programming as 

a teaching methodology reduces the total grading time because it halves the number of submitted 

assignments, reduces student demands during practical sessions, and it also enhances work 

ethic due to the sense of mutual responsibility shared between the two students (Salleh et al., 

2010a; Williams & Upchurch, 2001; Wood et al., 2013). 

3.6 THE DISADVANTAGES OF PAIR PROGRAMMING 

Despite the benefits and effectiveness of pair programming as a whole, not all its interactions can 

be deemed as successful (Celepkolu & Boyer, 2018). Some software developers remain sceptical 

of their first pair programming experience, and its promised collaborative value. Developers doubt 

their partner’s work habits and the communication demands required by this style of programming 

(Williams & Kessler, 2000a). According to Cockburn and Williams (2000)  and Begel and 

Nagappan (2008), communication is the most common barrier to pair programming as cited by 

novices. “Effective pairs chatter; silence is a danger signal” (Williams & Kessler, 2002). 

Programmers in a pair cannot program without communication; if they are not communicating 

they are not programming which results in them only reviewing each other’s code (Zarb & Hughes, 

2015). Articles, such as those by Begel and Nagappan (2008); Nawrocki and Wojciechowski 
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(2001), Williams and Kessler (2000a),  and Williams and Kessler (2002) in the literature prove 

that communication is one of the main causes of pair programming’s failure. The drawbacks of 

pair programming are miscommunication, pair incompatibility, negative personality traits, 

environment and scheduling, training and mentoring. In the context of education, these 

disadvantages are described as follows: 

3.6.1 COMMUNICATION 

According to Sanders (2002), roughly 50% of first-time student pair programmers reported that 

most of the forms of difficulty within the pair contributed to communication being the major 

problem with the pair programming process. Pair programming may inadvertently lead to off-task 

behaviour or conflict between the two partners (Lewis, 2011). Sfetsos et al. (2006) who 

investigated the impact of personality types on communication and collaboration in pair 

programming found that upon the data analysis of the communication variable, showed that the 

productivity of the pairs with the same personality type correlated negatively with communication.  

Benadé and Liebenberg (2017) reported that students viewed languages a drawback when the 

pairs in their study comprised students who spoke different languages. It is not surprising because 

their study on understanding students’ experiences with pair programming was conducted in 

South Africa, a country that has 11 official languages. 

3.6.2 INCOMPATIBLE PAIRS  

Despite the benefits of pair programming, it was reported to be the most problematic when pairs 

are incompatible (Layman, 2006). Developers surveyed by Begel and Nagappan (2008) 

perceived working with a developer with different skills as a challenge. The development process 

can be slowed down by pairs having incompatible personalities, coding style and/or skill levels 

(Ying et al., 2019). Williams and Kessler (2002) point out the fact that the pairing of an expert and 

a novice can cause problems, such as the novice slowing down the expert or the expert not having 

the correct attitude towards mentoring the novice, and that the expert they may feel that he/she 

is not getting valuable information from the novice. Incompatible pairs are less successful. They 

mention frustration, guilt, inability to trust someone else’s code and they feel as if they wasted 

their time and it is a great cause of concern for highly skilled students. They are the least satisfied 

person when paired with a lesser skilled programmer (Zarb & Hughes, 2015). Each student may 
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try to force his/her solutions on how a problem should be solved. This can cause conflict when 

the pair disagrees which is disastrous for the partnership (Benadé & Liebenberg, 2017).  

Skilled or top-performing students have the strong desire to work alone and do not want to be 

slowed down by a lesser skilled partner because they feel that their productivity will be 

compromised (Ying et al., 2019). When a pair does not function optimally, the pair becomes less 

productive and, as a result, is unable to complete their practical assignments (Ying et al., 2019). 

A study on pair rotation in a Computer Science course by Srikanth et al. (2004) found that 41,9% 

of the students stated that pair rotation may lead to the loss of a highly compatible partner which 

presents the risk of having an incompatible partner for the next assignment (Srikanth et al., 2004). 

3.6.3 PERSONALITY TRAITS 

Pair programming as a technique, is a practice that involves close social interaction between two 

people to solve programming problems and it is clear that human-related factors, such as 

personality have an effect on pair compatibility (Salleh et al., 2014). Students who experience pair 

programming with an incompatible partner dislike collaborative work, which might be due to a 

mismatch in psycho-social aspects such as personality and gender aspects or in terms of 

competency as an aspect, a mismatch in programming skill and experience levels (Lewis, 2011; 

Salleh et al., 2014). In the context of programming and software engineering, personality traits 

have been a subject of interest (Salleh et al., 2010b). It is important to understand how personality 

affects pair programming’s effectiveness. The Myers-Briggs Type Indicator (MBTI) carries out 

personality type evaluation utilising a set of topics that assesses the type of personality each 

student has. The MBTI assesses an individual’s personality traits based on four dichotomies: 

information (sensing/intuitive), decisions (thinking/feeling), favourite worlds 

(extraversion/introversion) and structure (judging/perceiving) (Hanks et al., 2011). The FFM 

consists of five personality traits that provide a structure for categorizing dimensions of difference 

in human personality (McCrae & John, 1992). The five broad personality traits are (1) openness 

to experience, (2) agreeableness, (3) conscientiousness, (4) extraversion, and (5) neuroticism 

(Salleh et al., 2010b). Conscientiousness is concerned with one’s achievement orientation and 

students with low conscientiousness are irresponsible, impulsive and disordered. Students that 

display extraversion are assertive and may try to force his/her solutions to a problem on their 

partner. Students are considered to have low agreeableness when they display traits like 

scepticism, selfishness and hostility. Individuals with high levels of neuroticism are anxious, 
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moody, nervous and insecure. Students are not open to experience often display a lack of 

aesthetic sensibilities, preference for routine and tend to favour conservative values (Salleh et al., 

2014). These aforementioned negative personality traits can harm teamwork and cause conflicts 

which consequently makes the pair programming experience rather quite unpleasant for both 

parties. 

3.6.4 ENVIRONMENT AND SCHEDULING 

It is difficult to create a learning environment where students in pairs can engage in productive 

discourse to make progress in their conceptual understanding of programming (Lewis, 2011). 

Students who do not attend lectures impact their own ability to work productively and fairly 

contribute to the joint project (Williams et al., 2008). A pair programming partner who is tardy 

disadvantages his/her partner by not having someone with whom to collaborate. Pair 

programming takes longer if the partner is not on the same programming skill level, which can be 

more time-consuming than when working individually, and as a result, lessens productivity as well 

as efficiency suffer (Benadé & Liebenberg, 2017). It can deter a present partner from using pair 

programming as a whole if this problem persists.  

3.6.5 TRAINING AND MENTORING 

When planned projects exceed the capabilities of the current work force, additional programmers 

are required and hired. Failure to hire programmers with inadequate lead time for sufficient 

training are of little use when their requirements are needed. Individuals with an impressive grade 

point average who have taken a wide range of computer programming courses at university still 

have problems understanding software development methodologies. Familiarity with 

programming languages does not mean that newly appointed programmers can produce good 

software design (Poff, 2003). For example, there is no university course that exists which 

describes payload application’s one-of-a-kind framework. In the context of developing firmware 

for processors, complex specialised domain knowledge is required. Plonka et al. (2015) reported 

that the effect of pair programming training was low. Mentoring is the assignment of senior 

programmers to train inexperienced junior programmers. This training method is not consistently 

effective due to the fact that most senior programmers are usually too busy for the effort involved. 

Some resent mentoring because they are not good at explaining or teaching an inexperienced 
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programmer it and feel that it is not part of their job description (Ally et al., 2005; Poff, 2003). 

Consequently, some junior programmers receive mentoring while other programmers do not. 

3.6.6 PAIR PROGRAMMING AND NON-COMPUTER SCIENCE STUDENTS 

ICT is an indispensable part of the contemporary world. ICT has an impact on the quality, in 

addition to quantity of teaching, learning, and research in traditional and distance-education 

institutions  (Yusuf, 2005). ICT courses are not acknowledged as conventional programming 

modules where students learn to code in a particular programming language. Nevertheless, ICT 

courses and Computer Science (CS) courses have indistinguishable challenges. It is demanding 

for lecturers and student assistants to tend to every problem that students encounter due to the 

fact that the classes are large.  One of the objectives of an ICT introductory course is to excite 

students about computing and programming via its dynamic, interactive, and engaging content 

(Benadé & Liebenberg, 2017; Yusuf, 2005). It also helps relate school experiences to a more 

realistic image of the collaborative nature of IT and CS jobs (Benadé & Liebenberg, 2017).  An 

experiment performed by Nagappan et al. (2003) assessed the efficacy of pair programming in 

an introductory CS course and the results found that pair programming helped non-Computer 

Science majors to improve more than their CS major counterparts.  

In their research study on the effects of pair programming on individual programming skills, 

Braught et al. (2008) established that pair programming as a learning technique levelled out the 

playing field in terms of acquiring individual programming skills. They saw students with lower 

standardized test (SAT) scores achieving better lab practical scores when making use of pair 

programming (Braught et al., 2008). According to O'Donnell et al. (2015) who evaluated the 

efficacy of pair programming for non-CS students by assessing their attendance and 

performance, higher levels of attendance were found among non-CS pair programming students, 

thereby suggesting that pair programming may in some cases improve the performance of weaker 

non-CS students.  
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3.7 SUMMARY 

An in-depth literature review of pair programming detailing the use of pair programming in the 

industry, in the classroom, and the advantages and disadvantages of pair programming and the 

implementation thereof were reported in this chapter. In Chapter 4, the research paradigm, the 

instruments used to gather data, the students, and the analysis of the data are discussed.  
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CHAPTER 4 RESEARCH METHODOLOGY 

4.1 INTRODUCTION 

In this chapter, the research paradigm, design and methodology, and the various constructs of 

the UTAUT2 model are discussed.  

4.2 AIM OF THE RESEARCH 

The primary aim of this research study is to investigate the impact of pair programming on the 

experiences of underrepresented groups in Information Technology in South Africa.  

4.2.1 OBJECTIVES OF THE RESEARCH STUDY 

In order to accomplish the primary aim of the study, the following secondary objectives are set: 

4 2.1.1 To examine the literature on the underrepresented groups in Information 

Technology; 

4.2.1.2 To examine the literature on pair programming; and 

4.2.1.3 To investigate the impact of pair programming on the students’ experiences 

and perceptions. 

4.3 RESEARCH PARADIGM, DESIGN AND METHODOLOGY 

4.3.1 RESEARCH PARADIGM 

The study was conducted in the positivistic paradigm to act as a basis that supported quantitative 

and qualitative research methods (Leech et al., 2010). A paradigm is “a selection of interrelated 

assumptions made about the social world which produces a philosophical and conceptual 

framework for the organized study of the world” (Filstead, 1979). It can also be viewed as a set 

of basic beliefs that deals with first principles which define and represent a certain worldview for 

an individual, and also provides the individual with a place (a sense of belonging) in this “world” 

along with the accompanying relationships (Guba & Lincoln, 1994). It consists of four 

components, namely ontology, epistemology, methodology and methods (Scotland, 2012). 

Understanding the paradigm-specific assumptions helps to shed light on the quality of the 
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research findings that support scientific studies and also aids in identifying gaps in generating 

sound evidence (Park et al., 2020).  

Research paradigms serve as guidelines to scientific discoveries by means of assumptions and 

principles and aid in the selection of tools, instruments, participants, and methods used in the 

study (Makombe, 2017; Ponterotto, 2005). It is essential to state the research paradigm used in 

a study due to the fact that paradigms have an influence on the research method, instruments 

and interpretations (Gringeri et al., 2013).  

There are four kinds of research paradigm, namely positivism, post-positivism, critical theory and 

constructivism (Romani et al., 2018). Based on the literature, there are two paradigms that are 

positivistic under which post-positivism and anti-positivism fall. The others are normative 

paradigms which are interpretivism, social constructivism, criticism/critical theory and pragmatism 

(Makombe, 2017). Positivism, also referred to as the scientific method, can be regarded as a 

research strategy and approach that is rooted in the ontological principle and doctrine that truth, 

as well as reality, are free and independent of the viewer and the observer (Aliyu et al., 2014). 

This study is conducted, using the positivistic paradigm to act as a basis that will support 

quantitative and qualitative research methods (mixed methods approach). 

According to Scotland (2012), ontology can be defined as the study of being, and ontological 

assumptions are concerned with what constitutes the nature of existence. These assumptions 

aim to seek a reality to a research question by means of indicating an existing type of knowledge 

that can be found. This is called Naïve Realism, which claims that there is only one single reality 

in the social world and this reality can be perceived by a human in a valid manner (Wang, 2020). 

Thus, there is one true reality that is comprehensible, identifiable and measurable. Positivist 

ontology proposes that all researched objects reside in an objective or unbiased social world and 

it comprises human beings. 

Epistemology refers to the nature of knowledge. It discusses what we do know in addition to what 

we can know (Wang, 2020). It is concerned with how a researcher aims to reveal knowledge to 

reach reality. Moreover, it is also considered as an internal factor for the researcher; how he/she 

sees the world by distinguishing what is right from what is wrong (Alharahsheh & Pius, 2020). 

Positivist epistemology is objective in the sense that positivist researchers go into the social world 

impartially and discover absolute knowledge about an objective reality, meaning that the 
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researcher and the researched object are independent entities. The aim of the researcher is to 

obtain meaning that resides in the object, not in the conscience of the researcher (Scotland, 

2012).  

Each and every paradigm builds upon its own ontological and epistemological assumptions. 

Therefore, inherently different research paradigms contain differing ontological and 

epistemological perspectives. Since all assumptions are conjecture, these differing paradigms 

have differing assumptions of reality, as well as knowledge which underpins their distinct research 

approaches (Scotland, 2012). These differences are displayed in their methodology and methods.  

Igwenagu (2016) defines methodology as the systematic, theoretical analysis of the methods that 

apply to a field of study, which comprise the body of methods as well as principles that are related 

to a branch of knowledge. Methodologies involve the extensive research strategy followed in order 

to conduct research, and as a result, it identifies the methods that are used and that fit with the 

outlined research strategy. Methodology incorporates key concepts, such as the paradigm, 

theoretical model, phases and quantitative or qualitative techniques. This provides transparency 

regarding the means of data collection. However, it does not provide solutions, unlike a method, 

but directs its focus towards the understanding of which method or set of methods and/or best 

practices can be applied to determine a specific result (Alharahsheh & Pius, 2020; Igwenagu, 

2016). Positivist methodology emphasises the engagement in research in settings where 

variables are controlled and operationalised. In terms of the social sciences, this needs to create 

an artificial environment where irrelevant factors that are beyond the study, are minimised (Park 

et al., 2020). The main focus of this study is to examine the explanatory or causal relationships 

between the operationalised variables in the study, as also performed in natural sciences which 

are favoured in the positivist paradigm. Methodology simply identifies the methods that are used 

in a research study.  

Methods, as described above, define the means of data collection or how a specific result is 

calculated. “Any description of a means of calculation of specific result is always a description of 

a method, and never a methodology”  (Igwenagu, 2016).  Methodological assumptions are the 

main influencers of the research methods, and procedures, techniques associated with the 

collection and analysis of gathered evidence (Alharahsheh & Pius, 2020). Research methods are 

used to produce and develop knowledge. Traditionally, there are two kinds of research method, 

namely quantitative and qualitative. Qualitative methods are normally associated with normative 
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paradigms and quantitative methods are normally associated with the positivist/post-positivist 

paradigms (Makombe, 2017). However, there is a third method which is a mixture of the 

qualitative and quantitative methods, and this combination research approach can be adopted in 

some cases and results in high-quality research.  

Makombe (2017) agrees and states that there is a spectrum between qualitative and quantitative 

methods for the mixed methods approach and that there are countless ways of addressing mixed 

methods research. There are cases where either qualitative or quantitative methods are equally 

suitable. For example, in a study of rice flavour enhancers, an experimental approach can be 

used by means of statistical methods, such as random a selection, a control and a treatment 

group. The control group is provided with rice that does not contain any flavour enhancements 

and the treatment group is provided with rice that does contain the flavour enhancer. In the event 

that more than one enhancer is being evaluated, experimental designs, such as a completely 

randomised selection can be applied successfully, but due to the intricacy of measuring taste, a 

Likert scale can be used to evaluate the taste. As a result, this makes the study quantitative, but 

the taste can also be assessed qualitatively.  

This research study used the mixed methods research method which is discussed further in the 

following sections. Quantitative and qualitative data were collected and provided different types 

of information. In the case of the qualitative data, open-ended data was collected and in the case 

of quantitative, closed-ended data was collected for this study. A comparison was drawn between 

the different perspectives of individuals drawn from both types of data, by creating a greater 

understanding of the necessary changes that are required for a marginalised group by integrating 

qualitative and quantitative data (Creswell & Creswell, 2017).  

4.3.2 RESEARCH DESIGN 

Traditionally, qualitative and quantitative research methodologies are frequently contrasted and 

presented as two opposing entities (Granikov et al., 2020). The integration of qualitative and 

quantitative approaches can be traced back to the 1950s and its inception in Psychology 

(Creswell & Creswell, 2017; Creswell & Plano Clark, 2018; Pluye, 2012). In general terms, in 

quantitative research approaches, researchers are concerned with the collection and 

measurement of numerical data, and the analysis thereof, using statistical methods, whereas 

qualitative approaches are concerned with the collection of textual data, and the description or 
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interpretation thereof using inductive thematic approaches (Bazeley, 2018; Clark & Ivankova, 

2015). In mixed methods research, the researcher utilises both quantitative and qualitative 

approaches for data collection and analysis, integration of the findings, and drawing inferences 

(Creswell & Tashakkori, 2007; Johnson et al., 2007).   

Many different terms refer to the mixed-methods approach, namely integration, synthesis, 

multimethod, quantitative and qualitative methodology, and mixed methodology”, but in recent 

times it is more commonly known by the term “mixed methods” (Bryman, 2006). Creswell and 

Creswell (2017) state that in the last decade with the growing development and recognised 

legitimacy of both qualitative and quantitative research, mixed methods research using a 

combination of qualitative and quantitative research approaches has gained renewed interest as 

well as popularity. It is a research methodology that is continuously developing and evolving due 

to its prominence by utilising the strengths of quantitative and qualitative research. Many 

researchers are interested in this combination in order to increase the scope of understanding a 

phenomenon and to deepen their insights from their studies (Bryman, 2006; Creswell et al., 2011; 

Sandelowski, 2000). The complexity of human phenomena mandates more complex research 

designs to capture them as advocated by mixed-methods researchers because the use of either 

quantitative or qualitative approaches exclusively is inadequate to address this complexity 

(Creswell & Creswell, 2017; Hong et al., 2020; Sandelowski, 2000).  

More researchers are exposed to this multimethod of research in recent years, and since the start 

of the 21st century, this research methodology has grown substantially with the creation of 

international associations such as the Mixed Methods International Research Association 

(MMIRA), Methodes Mixtes Francophonie (MMF), and the JSMMR (Japan Society for Mixed 

Methods Research), regional and global conferences, graduate courses and workshops 

development, book publications plus specialised peer-reviewed academic journals such as the 

Journal of Mixed Methods Research (JMMR) (Hong et al., 2020).  

Conducting mixed-methods research is challenging, since it requires the combination of both 

qualitative and quantitative research which demands extensive data collection. A great amount of 

time is needed for the analysis of both textual and numerical data,  and it requires the researcher 

to be familiar with both qualitative and quantitative research (Creswell & Creswell, 2017; 

McCrudden & Marchand, 2020). The integration challenge associated with this combination of 
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research methodologies is due to “producing a whole that is greater than the sum of each 

individual part” (Fetters & Freshwater, 2015).  

Furthermore, Fetters and Freshwater (2015) describe that this integration of qualitative and 

quantitative methods can be achieved in three different ways in a mixed-methods study: (1) 

research design (basic designs, and advanced frameworks), (2) data collection methods and 

analysis (connecting, building, merging and embedding), and (3) the interpretation and reporting 

of the results (narrative, data transformation, joint display). As attested by Creswell (2013), 

research design can be classified into six types: (1) sequential explanatory design, (2) sequential 

exploratory design, (3) sequential transformative design, (4) concurrent triangulation design, (5) 

concurrent nested design, and (6) concurrent transformative design. It is of the utmost importance 

for a researcher to consider that the mixed-methods research approach has its own challenges, 

mainly in relation to the incompatibility of both qualitative and quantitative research approaches. 

Each of these research designs has its own advantages and disadvantages linked to the research 

questions and the aim of the research study (Conrad et al., 2014; Creamer, 2018; Ramírez-

Montoya & Lugo-Ocando, 2020).  

A mixed-methods research design was used for this research study using an explanatory 

sequential design (QUAN → qual) (see Figure 4.1). This study used the convergent (concurrent) 

design to address the posed research question(s), as the quantitative and qualitative data were 

collected and analysed separately, with the former occurring prior to the latter. The quantitative 

investigation of the research study used a simple research design. Similarly, the qualitative 

investigation process used a basic research design with the aim of assisting the researcher to 

gain a better understanding of the perceptions of minority students in Information Technology 

experiencing programming and pair programming (Liebenberg et al., 2012).  

 

Figure 8    Figure 4.1 Sequential Explanatory Design 
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The qualitative investigation was based on textual narratives rather than numbers. Previous 

studies linked to a similar research problem investigated in my study, applied the quantitative 

approach. The main reason for this research study (underrepresentation of minorities in IT) led to 

a quantitative and qualitative investigation with pair programming as an intervention, as the 

researcher wished to describe the meaning of lived experiences and perceptions of minorities in 

IT in-depth (Bailey & Mentz, 2017; Liebenberg et al., 2012). In agreement with the aim of the 

research study, the mixed methods approach used in this study was adequate in the sense that 

the objective is to not only better understand the particular phenomenon, but also to know what 

the reality (truth) is of these minority students and their views of pair programming (see Table 4.1 

below).  

2 Table 4.1 – An Adapted Sequential Explanatory Design used for this Research Study 

 

 

Stages Procedures Outcomes

Quantitative Data Collection Collection of data Demographics of participants

↓ Measurement of numerical data Numerical data

Quantitative Data Analysis SPSS Data Analysis
Descriptive Statistics

Frequencies

Examinaiton of relationships 

among variables

Corellations

Associations between and 

within group differences

Factor Analysis

Qualitative Data Collection
Develop structured, self-administered 

questionnaire 
Close-ended responses

Distribute questionnaire ot the 284 

participants 
Open-ended responses

Summarize responses 

Qualitative Data Analysis
ATLAS.ti Conceptual model of emergent 

themes

Coding and thematic analysis Codes and themes

Theme development Coding matrix

Discussion

Implications

Future research

Integration of Quantitative 

and Qualitative Findings

↓
↓

↓
Integration and explanation of the 

quantitative and qualitative findings
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4.3.3 PARTICIPANTS 

According to Rahi (2017), a population can be defined as “all people or items that a researcher 

wishes to understand while sampling is the process of selecting a segment of the population for 

investigation”. Simply put, it is the process of selecting a sample of units for a single data set so 

that one may measure the beliefs, characteristics, and attitudes of the people involved (Hair Jr et 

al., 2019). The participants in this research study were (n=284) first-year BSc IT students in the 

Graphical User Interface Programming (second-semester class) at the Potchefstroom campus of 

the North-West University. The programming class had students from different genders, ethnic 

groups, cultures, and socio-economic backgrounds. The researcher grouped the participants in 

such a way that the students who identified as either Black, Coloured, Indian and/or Asian belong 

to the minority and those who identified as White belong to the majority for the context of this 

study. The participants were students who had experience with IT subjects in high school and 

students who were completely new to programming with no prior programming experience. (Table 

4.2 provides a summary of the biographic data of the students.) 

3     Table 4.2 – Profile of Students (n=284) 

 

In terms of ethnic origin, only 31% of the students identified themselves as minorities who in reality 

belong to the majority population of South Africa. Only 29.6% of the students were women which 

is to be expected from the typical gender profile of most IT classes which indicates that they are 

a minority within a minority.  

 

Criteria Categories

Number of 

students 

(%)

Gender
Male 

Female

200 (70.4%)                        

84 (29.6%)

Ethnic origin
Majority 

Minority 

196 (69.0%)                         

88 (31.0%)

Computer access since Grade 1
Yes         

No

150 (52.8%)                          

134 (47.2%)

Internet access since Grade 1
Yes                     

No

190 (66.9%)                       

94 (33.1%)

IT as a subject in high school
Yes         

No

203 (71.5%)                      

81 (28.5%)
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There is a digital divide amongst the students as a whole with 33.1% of the students, being the 

minorities, who do not have access to the internet at home. Furthermore, 28.5% of the students 

are in the minority with regard to having prior knowledge of the subject in high school. At the time 

of the study, the students had a female educator and the language of instruction was Afrikaans 

and/or English. This group of first-year students was selected because they had gained the 

experience of solo-programming in previous modules in their first semester of their first year. The 

students were taught the principles of pair programming by the researcher and were given the 

option to partner with a friend of their choosing. The pairs programmed together by using one 

computer to complete their practical assignments every week throughout the course of the 

semester. Section 4.3.4 contains a discussion of the pair programming principles that the students 

were taught. 

4.3.4 PAIR PROGRAMMING TRAINING 

Students are not familiar with the principles of pair programming, since it is a new way of active 

learning. It is important to have a consistent pair programming environment, hence several 

guidelines must be used as a framework by educators interested in adopting pair programming 

(Bevan et al., 2002; Zarb et al., 2014). To carry out pair programming efficiently, educators are 

required to introduce the main aspects of pair programming, such as pair compatibility, as well as 

the factors that impact the pairing, such as communication and teamwork to the classroom or 

computer laboratory (Dou et al., 2017). (See section 3.3.5 for the pair programming guidelines). 

At the time of the study, the pairs were formed by the students through them choosing a partner 

who most likely was a friend. This was done to avoid incompatibility and conflict. The researcher 

administered pair programming during the students’ practical sessions each week. The students 

were constantly reminded to work together closely, to communicate with each other as a team 

and to clearly describe the requirements of the practical assignment. Students were prompted to 

exchange roles at regular intervals throughout the duration of the practical session. In the first 

pair programming practical session, the students were given the following guidelines: 

1. The driver operates the keyboard and mouse. 
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2. The navigator follows what the driver is executing on screen and looks out for errors 

and proposes corrections.  The navigator is in charge of programming language 

reference materials. 

3. Positions: The driver is in front of the keyboard with the mouse in hand. The navigator 

sits on the opposite side of the mouse.  The screen is angled so the navigator can 

clearly view it.  The navigator positions his/her chair so that he/she can point at the 

screen.  The navigator has reference materials organised on the available table space 

to ensure easy access. 

4. The navigator ensures that he/she clearly understands the aims of the program. 

5. Partners physically get up and move positions when switching roles. 

6. Partners pay close attention to each other when pair programming: they look at each 

other when talking and listen carefully, they ask for clarification, and confirm 

understanding. 

7. Partners work hard to ensure each person understands what is being created.  The 

driver must check for agreement on operations before execution.  The partners point 

at the screen to support clear communication and the driver, while he/she is working, 

describes what he/she is doing.  The navigator shows notes recorded in the design 

notebook to the driver to check for agreement. 

8. Partners are respectful of each other: navigators do not handle the mouse or 

keyboard; drivers do not grab for reference materials; disagreement is natural and 

should be resolved respectfully. 

9. Partners share ownership of the project. 

10. Partners help each other, create opportunities for each other to learn, promote trading 

off of pair-programming roles, and share the creation of their project. 

11. Partners must assess each other and must be honest in their evaluation. 
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12. Partners take time to reflect on how well they are functioning and they must plan to 

improve. 

13. Partners use the words “we” and “us” to talk about their decisions and work. 

14. Partners must trust each other's judgment and each other's loyalty to the team. 

15. Problems with a partner must be surfaced immediately to give the facilitator an 

opportunity to correct the situation. 

The students followed the aforementioned pair programming guidelines diligently at each pair 

programming practical session under observation of the researcher throughout the course of the 

semester. 

4.3.5 DATA COLLECTION METHODS AND INSTRUMENTS 

4.3.5.1 INSTRUMENT  

Instruments can be used in combination studies to fulfil a variety of purposes. Instruments can be 

used as an elicitation device in the questionnaire concerning both the target phenomena and the 

instrument itself. In this case, the target phenomena are the underrepresented students in the 

programming course and the instrument is the questionnaire. For example, the researcher used 

the participant’s responses from the open-ended questions to draw out more thoughts and 

feelings about pair programming.  

According to Sandelowski (2000) these instruments are used to “make generalizations about 

each participant involved in the study not to make nomothetic generalizations, nor generalizations 

from the study sample to populations”. This use of instruments in combination exemplifies the 

development purpose for mixed-methods research, in the sense that the results of using 

quantitative data collection inform or guide the use of the qualitative data collection technique 

(Sandelowski, 2000). The questionnaire developed posed questions based on the UTAUT 

constructs using a five-point Likert scale. The discussion of the UTAUT model will follow in Section 

4.3.5.2. 
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4.3.5.2 UTAUT  

There are various cultural and psychological factors that can affect the behaviour of users towards 

the use and acceptance of pair programming. One of the methods to measure the factors that 

result in the acceptance of pair programming is the UTAUT model. At present, the advancement 

of ICT at universities has changed the traditional education methods into technology-based 

methods due to a generation of young people who grew up with the Internet and digital 

technologies (Ameri et al., 2020; Liebenberg et al., 2018). Venkatesh et al. (2003) designed the 

UTAUT model by incorporating the eight IT acceptance models which, as a result, made it one of 

the most comprehensive models of technology acceptance. The UTAUT model by Venkatesh et 

al. (2003) had four primary constructs namely; performance expectancy (PE), effort expectancy 

(EE), social influence (SI), and facilitating conditions (FC), which have an influence on the 

behavioural intention (BI) and usage behaviours (UB) of a user (Nikolopoulou et al., 2020; Raman 

& Don, 2013; Venkatesh et al., 2012).  

Venkatesh et al. (2003) described these relevant constructs under the UTAUT model as follows: 

 Performance Expectancy: can be seen as the degree to which an individual believes that 

using the system will help him/her to attain gains in job performance. 

 Effort Expectancy: this construct represents the individual’s beliefs regarding the ease or 

effort associated with the use of the system.  

 Social Influence: is the extent to which an individual perceives that which is important to 

others such as friends and family, believe they should use a particular new technology. 

 Facilitating Conditions: can be seen as the extent to which an individual believes that an 

organizational and technical infrastructure exists to support the use of the system. 

 Behavioural Intention: this construct refers to the motivational factors that influence a given 

behaviour where the stronger the intention to perform the behaviour, the more likely the 

behaviour will be performed by an individual. 

 Use behaviour: refers to the extent to which an individual displays continuous commitment 

to a system. 
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Moreover, individual differences like gender, age and experience are considered as the 

moderators of the four original UTAUT constructs in the UTAUT model (see Figure 4.2 for more 

detailed relations) (Raman & Don, 2013; Sharif et al., 2019; Venkatesh et al., 2012).  

 

Figure 9  Figure 4.2 The Original UTAUT Model (Venkatesh et al., 2003) 

Venkatesh et al. (2012) proposed the UTAUT2 model by means of extending the original UTAUT 

model with three additional consumer constructs namely; hedonic motivation (HM), price value 

(PV), and habit (HT) with the objective to enhance its explanatory power and scope up the 

restrictions in the original model (Ameri et al., 2020; El-Masri & Tarhini, 2017; Raman & Don, 

2013; Sharif et al., 2019).  

The UTAUT2 model incorporated three other variables (see Figure 4.3), Venkatesh et al. (2012) 

explained the additional constructs as follows: 

 Hedonic Motivation: can be as seen as the fun, or pleasure derived from using the new 
technology. 

 Price Value: the cost and the pricing structure may significantly impact the individual’s use of 
the technology, since it is they who bear the monetary cost of such use. 

 Habit: the extent to which an individual performs the behaviour to be automatically as a result 
of learning. 
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Figure 10Figure 4.3 The UTAUT2 Model with Moderators and Additional Constructs (Venkatesh et al., 2012) 

4.3.5.3 DATA COLLECTION METHOD 

Surveys as a data collection strategy, are commonly used in social and health sciences and it is 

associated with deductive research approaches (Creswell & Hirose, 2019). In this research study, 

a survey in the form of a questionnaire was used to collect information by means of a pre-designed 

questionnaire. There are three conditions for when conducting research using the survey strategy, 

(1) Data of the research is based on quantitative methods, (2) Pre-defined instruments are used 

in the research, (3) research work that needs to analyse a finding of a sample to a whole 

population as stated by Pinsonneault and Kraemer (1993). Surveys vary in degrees of complexity 

due to surveys gathering data at a particular point in time with the intention to examine individuals, 

groups, institutions, methods in order to describe the nature of existing conditions, or identifying 

standards against which pre-existing conditions can be compared, contrasted, classified, 

analysed and interpreted (Cohen et al., 2013). 

The survey strategy has several characteristics; this strategy was chosen to:  
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 collect standardised data all in one go,  

 gather large scale data from a wide target population in order to enable generalisations 

about the target in focus,  

 generate numerical data that can be processed statistically,  

 provides descriptive, inferential and explanatory information, and assert correlations,  

 capture data from multiple choices and/or closed questions, 

 support or refute hypotheses about the target population (Cohen et al., 2013). 

As reported by Nemoto and Beglar (2014), educational research in this context has three primary 

objectives: (1) contribute to the development of theory, (2) investigate phenomena believed to 

play an important role in the educational process, and (3) develop a more effective pedagogy. In 

order to complete these objectives, the use of data-gathering tools such as a questionnaire form 

is required. Due to the intricacy that comes with the measurement of the students’ attitude towards 

pair programming, a rating scale was in order to quantify subjective preferential thinking, feeling 

and action in a validated and reliable way. In 1932, the Likert Scale was constructed to measure 

one’s ‘attitude’ in a manner which was scientifically accepted and validated (Joshi et al., 2015; 

Krosnick, 2018). A Likert scale is comprised of a set of statements (items) offered to a participant 

for a real or hypothetical situation under study. The students were asked to represent their degree 

of agreement (ranging from strongly disagree to strongly agree) (see Table 4.3 below) with the 

provided statement on a metric scale (Joshi et al., 2015; Nemoto & Beglar, 2014). All of the given 

statements were used in combination so that a researcher may reveal the specific dimension of 

the attitude towards the issue (Singh, 2006). For this reason, the Likert scale is regarded as one 

of the most fundamental and generally used psychometric tools in educational and social sciences 

research (Joshi et al., 2015).  

4              Table 4.3 – A Five-Point Likert Scale 

 

Strongly 

Disagree
Disagree Neutral Agree

Strongly 

Agree

1 2 3 4 5
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The questionnaire designed for this research study used the UTAUT2 model (Venkatesh et al., 

2012) and is an adaptation of the questionnaire from the Benadé and Liebenberg (2017) study 

(see Table 4.4 below). The questionnaire was divided into three distinct parts. Part A, the first 

part, was designed to collect the demographic and general information of the students (gender, 

ethnicity, prior experience with the computers, the internet and IT as a high school subject).  Part 

B, the second part, comprised of statements that asked the students questions based on the 

following constructs: performance expectancy, hedonic motivation, effort expectancy, social 

influence, habits, facilitating conditions, and behavioural intention. The third part, Part C, 

consisted of statements that asked the students about their challenges and difficulties 

experienced throughout the semester implementing pair programming to complete their practical 

assignments and concluded with two open-ended questions. Due to the educational nature of this 

research study, the “Price Value (PV)” and “Use Behaviour (UB)” constructs were inapplicable to 

the study and were excluded as a result.  

Out of the 23 questions in Part B, 4 statements for performance expectancy, 3 statements for 

hedonic motivation, 4 statements for effort expectancy, 3 statements for social influence, 3 

statements for habits, 3 statements for facilitating conditions, and 3 statements for behavioural 

intention, were presented respectively. The five-point Likert scale (quantitative with a range 1 = 

strongly disagree to 5 = strongly agree) was used to answer the questions in parts B and C. 

Immediately after the final pair programming practical session, the students were given a week to 

complete the questionnaire form online, using Google Forms. The questionnaire consisted of 38 

questions and took approximately 15 minutes to complete.  
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5                Table 4.4 – Questionnaire 

 

Factors Answer Type

1 What is your gender? Multiple Choice

2 Please specify your ethnic origin: Multiple Choice

3 I have a computer (laptop/PC) at home. Yes/No

4 I had access to a computer since Grade 1. Yes/No

5 I had access to the Internet since Grade 1. Yes/No

6 In high school I had IT as a subject. Yes/No

7
In your programming module(s) overall, please provide a 

grade for your academic performance.
Multiple Choice

8 I find pair programming useful. Likert Scale

9
The use of pair programming allows me to increase my 

chances of improving my marks.
Likert Scale

10
Using pair programming helps me to complete tasks more 

quickly. 
Likert Scale

11 Using pair programming increases my productivity. Likert Scale

12 Using pair programming is fun. Likert Scale

13 Using pair programming is enjoyable. Likert Scale

14 Using pair programming is entertaining. Likert Scale

15 Learning to use pair programming is easy for me. Likert Scale

16
My interaction using pair programming is clear and 

understandable.
Likert Scale

17 I find pair programming easy to use. Likert Scale

18 It is easy for me to become a skillful pair programmer. Likert Scale

19
People who are important to me think that I should use pair 

programming.
Likert Scale

20 My lecturer thinks that I should use pair programming. Likert Scale

21
My fellow students whose opinions I value think I should use 

pair programming to complete tasks.
Likert Scale

22 The use of pair programming has become a habit for me. Likert Scale

23 The use of pair programming has become natural to me. Likert Scale

24 I rely on pair programming to complete programming tasks. Likert Scale

25 I have the resources necessary to use pair programming. Likert Scale

26 I have the knowledge necessary to use pair programming. Likert Scale

27
Pair programming is compatible with the way I write 

programs.
Likert Scale

28
I intend to use the principles of pair programming in the 

future.
Likert Scale

29
I will always try to use the principles of pair programming to 

complete programming tasks.
Likert Scale

30
I plan to continue using the principles of pair programming 

elsewhere in my studies.
Likert Scale

31 My programming partner and I are incompatible. Likert Scale

32
It is difficult to use pair programming if my partner is on a 

different programming skill level as I am.
Likert Scale

33
The lack of communication between my partner and I makes 

using pair programming difficult.
Likert Scale

34 Language was a barrier when we were programming in pairs. Likert Scale

35 Pair programming taught me teamwork. Likert Scale

36 I prefer pair programming over solo programming. Likert Scale

37 What are the advantages of pair programming? Open-ended 

38 What are the disadvantages of pair programming? Open-ended 
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4.3.5.4 FACTOR ANALYSIS 

Kline (2014) defines factor analysis as a number of statistical techniques that aim to simplify large 

complex data sets. It is more often used in psychology, but in recent years it has been used in 

education, social sciences, economics, geography, and in fields that relate to health sciences 

(Kline, 2014; Williams et al., 2010; Yong & Pearce, 2013). The aim of factor analysis is to discover 

the simplest method of interpretation of variables (or factors) in an observed data set (Yong & 

Pearce, 2013). A factor is a construct which is a compressed statement of the relationships that 

exist between a set of variables. It is defined by its factor loadings which are the correlations of a 

variable with a factor  (Kline, 2014). In factor analysis there are two techniques, namely 

Confirmatory Factor Analysis (CFA) and Exploratory Factor Analysis (EFA). In CFA, the 

researcher has assumptions and expectations and tests a proposed theory based on priori theory 

regarding the number of variables in order to determine which factor theories are the best fit 

(Williams et al., 2010). In contrast, EFA just as the name suggests in exploratory in nature 

meaning that the researcher uses this approach in order to discover the main factors influencing 

the variables in order to generate a theory or model from a set of latent variables in order to 

analyse which of them account for the correlations (Yong & Pearce, 2013). 

For this study, the researcher used the CFA approach to reduce a large number of variables to a 

smaller number of factors while retaining as much variance as possible. In order to display the 

relationships between the individual variables, the researcher used a correlation matrix in the CFA 

process. Upon inspection of the correlation matrix, the researcher found that the determinant = 

2.663E-9. The correlation matrix tested if the variables share too much variance. The determinant 

was found to be >0.00001. This indicated that there was no severe multicollinearity which made 

it practical to determine the correlations between the variables. Before the extraction process of 

the factors was performed, the researcher used the Kaiser-Meyer-Olkin (KMO) Measure of 

Sampling Adequacy and Bartlett’s Test of Sphericity in order to assess the appropriateness of the 

respondent data for factor analysis (Banu & Duraipandian, 2014; Yong & Pearce, 2013). The 

KMO index ranges from zero to one, with < 0.5: not acceptable; 0.5 –0.7: medium, 0.7 –0.8: good; 

0.8 –0.9: very good; and >0.9: superb. The Bartlett’s Test of Sphericity should be significant (p < 

0.5) for the factor analysis to be appropriate. Table 4.5 below shows the SPSS output for the 

KMO and Bartlett’s Test of Sphericity for this study. 
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6       Table 4.5 – Kaiser-Meyer-Olkin Measure and Bartlett’s Test of Sphericity 

 

The reported KMO value of 0.940 showed that the test for sample adequacy was a superb sample 

adequacy, which indicated that the sample size was indeed suitable to perform a factor analysis 

on the data. With regard to the Bartlett’s Test of Sphericity, the 0.000 value indicated that the 

correlations between the factors were indeed sufficiently high. 

The results from the Total Variance Explained table (Table 4.4 below) was used to determine the 

number of significant factors. In this table only the extracted and rotated values are deemed 

meaningful for interpretation (Yong & Pearce, 2013). The Initial Eigenvalues and the Extraction 

Sums of Squared Loadings columns show the eigenvalues and the variance before the rotation 

takes place. The Rotation Sums of Squared Loadings show the eigenvalues and the variance 

after the rotation takes place. The Cumulative percentage of variance of at least 50% is 

demonstrated in Table 4.6 below with a total of 7 factors having an initial eigenvalue > 0.7.   

7      Table 4.6 – Total Variance Explained  

 

The researcher calculated the average extracted communalities in order to determine the 

eigenvalue cut-off based on The Kaiser criterion (Field, 2009; Yong & Pearce, 2013). The SPSS 

output for Communalities (as seen in Table 4.7 below) shows that the averaged extracted 

Kaiser-Meyer-Olkin 

Bartlett's Test of Sphericity Approx. Chi-Square  5419.717

df 253

Sig.   0.000

0.940

Initial 

Eigenvalues

Extraction 

Sums of 

Squared 

Loadings

Rotation 

Sums of 

Squared 

Loadingsa

Factors Total
% of 

Variance

Cumulative 

%
Total

% of 

Variance

Cumulative 

%
Total

Performance Expectancy  11.963 52.014 52.014 11.717 50.946 50.946 2.798

Hedonic Motivation 2.031 8.830 60.844 1.743 7.578 58.524 3.717

Effort Expectancy 1.302 5.660 66.504 0.997 4.335 62.859 5.908

Social Influence 1.006 4.376 70.880 0.744 3.233 66.093 8.869

Habit 0.864 3.757 74.636 0.624 2.713 68.807 6.600

Facilitating Condition 0.764 3.320 77.957 0.501 2.182 70.989 8.381

Behavioral Intention 0.726 3.156 81.113 0.339 1.472 72.461 7.866
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communalities is above .60 and the sample size for this study being 284 is above 250 cases 

(Field, 2009). 

8     Table 4.7 – Communalities 

 

Since this study used CFA for factor analysis, the extraction method applied was the Principal 

Axis Factoring method which was used due to its factorial suitability to best extract factors from 

the data set. According to Williams et al. (2010) the selection of the rotation method maximises 

high item loadings and it minimises low item loads which, as a result, produces a solution that is 

simplified and more interpretable. In this study the researcher selected the direct oblique olbimin 

rotation method which produces factors that are correlated. This method produced accurate 

results for this research due to the fact that it involves human behaviour. The results in Table 4.8 

reported that the majority of the questions did indeed correspond with the theoretical UTAUT2 

factors. However, both questions Q8: “I find pair programming useful” and Q23: “The use of pair 

programming has become natural to me” had double loadings.  

 

Questions Initial Extraction

Q8 0.795 0.796

Q9 0.773 0.784

Q10 0.714 0.764

Q11 0.790 0.830

Q12 0.815 0.850

Q13 0.848 0.915

Q14 0.736 0.763

Q15 0.702 0.762

Q16 0.610 0.611

Q17 0.749 0.797

Q18 0.617 0.622

Q19 0.637 0.934

Q20 0.254 0.205

Q21 0.682 0.694

Q22 0.723 0.816

Q23 0.651 0.657

Q24 0.659 0.705

Q25 0.524 0.622

Q26 0.559 0.740

Q27 0.576 0.573

Q28 0.708 0.748

Q29 0.670 0.729

Q30 0.673 0.748
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The researcher decided that the best fit would be to group Q8 with the Performance Expectancy 

factor and Q23 with the Habit factor as indicated by the UTAUT2 model literature. It is important 

to note that only questions Q20: “My lecturer thinks that I should use pair programming” and Q27: 

“Pair programming is compatible with the way I write programs” did not correspond with the 

theoretical factors, but the researcher decided to group them accordingly anyway. 

9      Table 4.8 –  Pattern Matrix 

 

The reliability of the factors in Part B and C of the questionnaire were assessed by the calculation 

of the Cronbach alpha value of each UTAUT2 construct.  Measuring the reliability of a 

questionnaire provides an indication of how closely related a set of items are as a group. The 

calculated Cronbach alpha coefficient for the items are α ≥ 0.60, which suggests that the items 

have a relatively high internal consistency (as shown in Table 4.9). This indicates that the multiple 

Likert-Scale questions in the survey are reliable for all eight factors.  

Questions
Performance 

Expectancy 

Hedonic 

Motivation

Effort 

Expectancy

Social 

Influence
Habit

Facilitating 

Conditions

Behavioural 

Intention

Q8 0.325 0.346

Q9 0.451

Q10 0.523

Q11 0.468

Q12 0.938

Q13 0.964

Q14 0.794

Q15 -0.792

Q16 -0.619

Q17 -0.68

Q18 -0.58

Q19 0.979

Q20 -0.242

Q21 0.507

Q22 0.812

Q23 -0.324 0.534

Q24 0.734

Q25 0.768

Q26 0.832

Q27 -0.484

Q28 -0.736

Q29 -0.733

Q30 -0.812

Factors

Pattern Matrix
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10               Table 4.9 – The Reliability Coefficients of the Factors 

 

4.3.6 DATA ANALYSIS 

The Statistical Consultation Services of the North-West University (NWU) Potchefstroom Campus 

analysed the data. The analysis of the data was done in SPSS Statistics. First, CFA was 

performed and then the reliability coefficients were obtained by calculating the Cronbach’s alpha 

(α). The relationships of the factors with behavioural intention were determined by means of a 

correlation analysis. Frequencies were calculated and basic analysis was performed by 

calculating the mean values and the standard deviation for each of the factors and the single 

items. T-tests were used to test for the significant differences between the means in the different 

UTAUT2 factors for all of the groupings. The p-values will be presented in the results and 

discussion chapter, but will not be interpreted due to the use of Analysis of variance (ANOVA) for 

all of the groupings in order to obtain more information about the relationships between dependent 

and independent factors.  

Part C of the questionnaire contained two open-ended questions, Q37 and Q38 in Table 4.2. The 

qualitative data was analysed, using ATLAS.ti 9. Content analysis was performed on each 

participant’s data from the two open-ended questions, and these responses were coded in order 

to categorise them into themes. The qualitative analysis provided richly descriptive results which 

aided in gaining better insight and understanding of the perceptions, experiences, underlying 

reasons and motivations of minorities that used pair programming. The significant results from 

the students are presented in quotes in the next chapter where they are discussed in-depth. 

Factors
Cronbach 

Alpha (α)
Adequacy

Performance Expectancy 0.929 Superb

Hedonic Motivation 0.936 Superb

Effort Expectancy 0.885 Very Good

Social Influence 0.716 Good

Habit 0.861 Very Good

Facilitating Condition 0.661 Medium

Behavioral Intention 0.885 Very Good

Pair Compatibility 0.653 Medium
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4.4 SUMMARY 

In Chapter 4, the data collection instrument was developed in order to evaluate the factors that 

influence the perceptions of pair programming of first year students. The research paradigm, 

design and research methodology of the quantitative and qualitative investigations were reported 

in this chapter. The study used the mixed-method approach and this chapter also discussed the 

data collection, and the factor analysis that was performed on the respondent data in order to 

address the objectives that were set. In Chapter 5, the results of the analysed data are presented, 

followed by a discussion and a graphical presentation thereof. 
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CHAPTER 5 RESULTS AND DISCUSSION 

5.1 INTRODUCTION 

In Chapter 5, the researcher reports the results from the questionnaire, Part B (quantitative) and 

Part C (qualitative open-ended questions) that were discussed in the previous chapter. The 

results that are presented in this chapter address the questionnaire results by means of a 

discussion on the descriptive and inferential statistics, frequency distribution analysis on the 

demographic data from the students and the relationships between the demographic variables.  

5.2 DESCRIPTIVE STATISTICS 

Descriptive statistics are used in this study to present the quantitative descriptions and a 

simplification of the collection of responses in Table 5.1. This was done to describe the 

characteristics of these responses and this simplification allows the researcher to analyse the 

responses in order to understand them in a sensible manner. Survey research was conducted in 

order to collect data by means of Likert scale type questions to easily operationalise the 

perceptions of the students of this study. This questionnaire used a five-point Likert scale so that 

the data can be analysed quantitatively which allows the researcher to gain deeper insights about 

the students of this study. The students chose a level of agreement or disagreement based on 

the questions from the questionnaire in order to see if they are pleased or have issues with pair 

programming in particular.  

 Performance Expectancy - it is evident that 33.8% of the students agreed that pair 

programming is useful and 37.3% of them also agreed that pair programming allows them 

to improve their marks. 30.6% of the students agreed that using pair programming helps 

them to complete their programming tasks quickly and 28.9% of the students agreed that 

pair programming increases their productivity. There is a mostly positive feeling with 

regards to the degree to which the students believe that using pair programming helps 

them to increase their chances of improving their marks. 

 Hedonic Motivation - 33.8 percent of the students agreed that pair programming is fun and 

38% of the students agreed that pair programming is enjoyable. The researcher found that 

30.6% of the students agree that pair programming as a learning technique is entertaining. 
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It can be deduced that most of the students do derive fun from using pair programming 

and this plays a major role in their acceptance of using this learning technique. 

 Effort Expectancy - 37.7 percent of the students agreed that learning how to use pair 

programming was an easy task that required minimal effort. The researcher found that 

45.4% of the students found the guidelines and principles of pair programming to be clear 

and understandable. With regards to ease of use, 36.3% of the students found pair 

programming easy and 39.8% of them agreed that it is easier for them to become a skilful 

programmer. It is clear that almost half of the students felt positive about the degree of 

ease associated with the use of pair programming and, as a result this may have an impact 

on the overall use intention and perceptions of programming. 

 Social Influence - the researcher found that 41.5% of the students were neutral and felt 

indifferent about the people that think that they should make use of pair programming. 

37.7% of the students felt neutral about their lecturer recommending the use of pair 

programming and 36.6% of them agreed that their lecturer thinks that they should make 

use of pair programming. The researcher found that 33.8% of the students felt indifferent 

when asked about what their fellow students thought on the use of pair programming in 

order to complete programming tasks. It is evident that the students felt indifferent about 

the degree to which they perceive that significant people believe pair programming use to 

be important. 

 Habit - the researcher found that 27.5% of the students disagreed that the use of pair 

programming has become a habit for them. In contrast, 34.5% of the students agreed and 

felt that pair programming was a habit that came naturally to them. 29.2% of the students 

did not rely on pair programming to complete programming tasks which indicated to the 

researcher that this group may prefer solo programming over pair programming. It is clear 

that the students overall felt neutral about the extent to which they perform pair 

programming automatically, but they also believed that pair programming as a behaviour 

can be automatic the more they use it. With more experience using pair programming it 

can be deduced that they will eventually rely on it in the future.  
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11   Table 5.1 – Questions, Factors and Measure of Frequency (n=284) 

 

 Facilitating Conditions - 51.4 percent of the students agreed with regards to that they 

had the necessary knowledge to use pair programming, and 51.8% of the students 

agreed that they had the necessary resources to adequately use pair programming. 

With regards to pair programming being compatible with the way in which they write 

programs, 29.6% of the students felt neutral and 33.8% of them agreed that it is indeed 

compatible with their preferred writing style. It is evident that the majority of the 

Questions Factors

Strongly 

Disagree 

(%)

Disagree 

(%)

Neutral 

(%)

Agree 

(%)

Strongly 

Agree 

(%)

8 I find pair programming useful. 7.0 8.5 22.9 33.8 27.8

9
The use of pair programming allows me to increase my 

chances of improving my marks.
9.2 10.6 18.3 37.3 24.6

10
Using pair programming helps me to complete tasks 

more quickly. 
10.2 14.8 19.4 30.6 25.0

11 Using pair programming increases my productivity. 11.6 14.8 23.9 28.9 20.8

12 Using pair programming is fun. 7.7 7.0 23.2 33.8 28.2

13 Using pair programming is enjoyable. 7.0 7.7 23.2 38.0 23.9

14 Using pair programming is entertaining. 7.4 12.3 27.1 30.6 22.5

15 Learning to use pair programming is easy for me. 5.3 10.2 21.5 37.7 25.4

16
My interaction using pair programming is clear and 

understandable.
2.1 3.9 22.2 45.4 26.4

17 I find pair programming easy to use. 5.3 8.8 23.6 36.3 26.1

18 It is easy for me to become a skillful pair programmer. 6.3 9.2 26.4 39.8 18.3

19
People who are important to me think that I should use 

pair programming.
10.2 16.5 41.5 21.8 9.9

20 My lecturer thinks that I should use pair programming. 3.2 1.8 37.7 36.6 20.8

21
My fellow students whose opinions I value think I 

should use pair programming to complete tasks.
9.9 16.9 33.8 26.1 13.4

22
The use of pair programming has become a habit for 

me.
16.2 27.5 23.2 21.5 11.6

23
The use of pair programming has become natural to 

me.
11.3 17.3 24.6 34.5 12.3

24
I rely on pair programming to complete programming 

tasks. 
22.2 29.2 20.4 18.3 9.9

25
I have the resources necessary to use pair 

programming.
2.5 3.5 18.3 51.4 24.3

26
I have the knowledge necessary to use pair 

programming.
1.4 2.5 18.7 51.8 25.7

27
Pair programming is compatible with the way I write 

programs.
7.7 12.7 29.6 33.8 16.2

28
I intend to continue using pair programming in the 

future.
6.3 9.2 24.3 41.9 18.3

29
I will always try to use the principles of pair 

programming to complete programming tasks.
7.7 15.8 33.1 30.3 13.0

30
I plan to continue to use the principles of pair 

programming elsewhere in my studies.
8.5 10.9 27.8 37.7 15.1

31 My programming partner and I are incompatible. 21.1 33.1 23.6 13.4 8.8

32
It is difficult to use pair programming if my partner is 

on a different programming skill level as I am.
5.6 14.1 22.5 33.1 24.6

33
The lack of communication between my partner and I 

makes using pair programming difficult.
16.2 25.0 21.5 25.0 12.3

34
Language was a barrier when we were programming in 

pairs.
47.9 28.2 12.3 7.7 3.9

Facilitating 

Condition

Behavioral 

Intention

Pair 

Compatibility 

Performance 

Expectancy 

Hedonic 

Motivation

Effort 

Expectancy

Social 

Influence

Habit
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students know that they have the organization and technical infrastructure to support 

the use of pair programming. This is mainly because their use of pair programming 

occurred during their practical sessions in the computer laboratory.  

 Behavioural Intention - it was encouraging to see that 41.9% of the students agreed 

that they intend to continue using pair programming in the future. However, 33.1% of 

the students felt indifferent when asked if they always attempt to make use of pair 

programming principles to complete programming tasks. The researcher also saw that 

30.3% of the students agreed that they always try to use pair programming principles 

to complete programming tasks. 37.7% of the students agreed that they plan on using 

the pair programming principles elsewhere in their studies.  

 Pair Compatibility - the researcher noted that 33.1% of the students disagreed with 

regard to pair incompatibility with their partner which makes sense because they were 

allowed to pick their partners for pair programming. It is important to note that 33.1% 

of the students agreed that they indeed experienced difficulties using pair 

programming due to their partner having a higher or lower programming skill than 

them. 25% of the students disagreed that the lack of communication between them 

and their partner made the use of pair programming difficult, and in contrast 25% of 

the students agreed that the lack of communication made it difficult for them to use 

pair programming. It is unclear what the cause of this could be, but one can assume 

that absence/tardiness could possibly be a reason for a lack of communication 

because the student had to program alone. From this quantitative analysis it can be 

assumed that overall the students prefer pair programming over solo programming in 

spite of there being a small group that is opposed to pair programming. 
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The single items in Figure 5.1 show that the students involved in this study had a positive 

experience with pair programming. 

 

Figure 11                         Figure 5.1 Frequencies of Single Items 

The statistical results of this study are summarised in Table 5.2. This shows that the mean values 

of all the items displayed below are relatively high (with a score of 3 being neutral) which simply 

indicates that the students felt neutral or agreed with the different statements.  

 Performance Expectancy - has a mean score of 3.51 which indicates that the students 

agreed that they indeed found pair programming useful and it allows them to not only 

improve their marks and increase productivity, but also helped them to complete tasks 

quickly. The majority of the students believe that the usage of pair programming can 

provide them with benefits when they are completing their programming tasks.  

 Hedonic Motivation - the mean was 3.60 which is one of the highest mean scores among 

all of the factors. This shows that the students found pair programming as a fun, and 

entertaining way to learn how to program. It is clear that many of the students feel 

motivated to use pair programming due to the internal satisfaction that it brings them. 
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12    Table 5.2 –  Factors, Questions and Measures of Tendency and Variation (n=284) 

 

 Effort Expectancy - with the highest mean of 3.70 showed that the majority of the students 

in the introductory programming course found the pair programming guidelines clear and 

understandable which, as a result made it easy for them to learn programming and they 

believe it will make it easy for them to become skilful programmers. It is clear that most of 

the students found pair programming easy to use. It also makes analysing of the usage of 

pair programming easy as it is one of the most important determinants, as result the 

acceptance of pair programming had a positive impact on the students and their 

perception of programming overall. 

Factors Questions Mean*
Standard 

Deviation

I find pair programming useful.

The use of pair programming allows me to increase my chances of 

improving my marks.

Using pair programming helps me to complete tasks more quickly. 

Using pair programming increases my productivity.

Using pair programming is fun.

Using pair programming is enjoyable.

Using pair programming is entertaining.

Learning to use pair programming is easy for me.

My interaction using pair programming is clear and understandable.

I find pair programming easy to use.

It is easy for me to become a skillful pair programmer.

People who are important to me think that I should use pair 

programming.

My lecturer thinks that I should use pair programming.

My fellow students whose opinions I value think I should use pair 

programming to complete tasks.

The use of pair programming has become a habit for me.

The use of pair programming has become natural to me.

I rely on pair programming to complete programming tasks. 

I have the resources necessary to use pair programming.

I have the knowledge necessary to use pair programming.

Pair programming is compatible with the way I write programs.

I intend to continue using pair programming in the future.

I will always try to use the principles of pair programming to complete 

programming tasks.

I plan to continue to use the principles of pair programming elsewhere 

in my studies.

My programming partner and I are incompatible.

It is difficult to use pair programming if my partner is on a different 

programming skill level as I am.

The lack of communication between my partner and I makes using 

pair programming difficult.

Language was a barrier when we were programming in pairs.

Pair programming taught me teamwork. 3.79 0.97

I prefer pair programming over solo programming. 2.97 1.39
Loose Items

Behavioural 

Intention
3.41 1.00

Pair 

Compatibility 
2.74 0.84

Habit 2.90 1.10

Facilitating 

Condition
3.76 0.74

Effort 

Expectancy
3.70 0.91

Social 

Influence
3.30 0.85

Performance 

Expectancy 
3.51 1.12

Hedonic 

Motivation
3.60 1.09
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 Social Influence - with a mean score of 3.30 showed that the lecturer, and the students 

around them recommend the use of pair programming as a learning technique. The 

students’ decision making process of adopting pair programming is influenced by the 

social notion beyond their own decision thinking. As a result, this enhances their 

perception of pair programming because of the social factor that is associated with this 

determinant. 

 Habit - with one of the lowest mean 2.90 indicates a neutrality among the students. Some 

of the students struggled to make it a habit of using pair programming to complete 

programming tasks. Learning to use pair programming has an impact on the degree to 

which the students tend to automatically use this learning technique. This habitual usage 

can strongly predict if they are willing to use pair programming in the future. Their neutral 

stance towards pair programming indicates that some may intend to use pair programming 

again elsewhere in the future, and some students may not. 

 Facilitating Conditions – this factor had the highest mean of all with 3.76, where majority 

of the students agreed that they do have the knowledge, and access to the necessary 

resources required to adequately use pair programming and they feel that it is compatible 

with the way that they write programs. Provided that pair programming takes place in the 

computer laboratory and a partner is present, it can be predicted that the students will 

continue to make use of pair programming with confidence. 

 Behavioural Intention - with a mean of 3.41 suggests that the students intend to continue 

implement and use pair programming and its principles to complete programming tasks in 

the future even though some of them are not majoring in a Computer Science degree. In 

the literature it was evident that the students understood the pair programming guidelines, 

had the necessary resources to implement pair programming, and in doing so, enjoyed 

making use of pair programming with minimal effort. It is clear that most of the students 

consciously plan to make use of pair programming in the future, but it is difficult to predict 

if they will actually use pair programming elsewhere in their studies. 

 Pair Compatibility - with the lowest mean of 2.74 thereby indicates that some of the 

students found using pair programming difficult due to skill incompatibility, absence and/or 

tardiness and also communication being an issue due to a language barrier. The 
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researcher recommends that students in the future should be paired together based on 

their programming skill levels in order to mitigate the conflict that could arise from 

incompatibility. This can have a negative impact on the perception that a student may 

have on programming with a partner and programming overall.  

With a mean of 3.79 with regards to the statement “Pair programming taught me teamwork”, it is 

evident that two minds are better than one. Majority of the students understand that pair 

programming does increase teamwork and engagement with the task at hand. The benefits of 

pair programming entails building more resilient code, providing alternating viewpoints from the 

driver and navigator. It encourages them to share knowledge, and as a result, helps them both to 

grow their individual skill sets. 

From Table 5.2 above, the researcher reported a mean of 2.79 with regards to the statement “I 

prefer pair programming over solo programming” which indicates that most of the students prefer 

programming in a pair over programming alone. There is a small group of students that dislike 

pair programming for various reasons that will be discussed and analysed further in section 5.6. 

In summation, the factors with the highest means showed that the majority students are aware of 

the benefits of pair programming and they are willing to make use of its principles in future courses 

and in the workplace.  

In contrast, the factors with the lowest means showed that there is a minority that dislikes pair 

programming, and prefers solo programming over pair programming. It is evident that the students 

have a positive opinion on pair programming and it appears that the majority of the students in 

this introductory programming course prefer pair programming over solo programming. The 

frequency of selection of factors for this study are shown below in Figure 5.2 and it is clear that 

the students in this study had an overall positive experience with pair programming with most 

factors showing a positive inclination.  
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Figure 12              Figure 5.2 Frequency of Selections of Constructs 

In Section 5.3 and Section 5.4 the results of the qualitative data are presented and discussed. 

Since the product of the qualitative research is richly descriptive, the results are presented in the 

form of a selection of quotes from the students’ comments. 

5.3 ADVANTAGES OF PAIR PROGRAMMING 

In this section the responses to the qualitative question “What are the advantages of pair 

programming?” are presented and discussed. In concurrence with the quantitative data presented 

above, the following themes emerged from the responses:  

 “fast and efficient” 

 “social skills” 

 “communication”  

 “helping”  

 “sharing knowledge” 
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 “problem-solving” 

 “perspectives” 

 “teamwork” 

 “error detection” 

 “ease of use” 

 “confidence” 

 “none” 

 “workload” 

The following sub-sections present and discuss the aforementioned pair programming 

advantages. 

5.3.1 FAST AND EFFICIENT 

Respondent #03 [Black Male]: “Gets the job done faster and with accurate codes unlike 

coding and being unable to spot your logical errors.” 

Respondent #20 [White Male]: “You can complete tasks quicker.” 

Respondent #44 [White Male]: “Can complete tasks at a faster pace. Get to learn what 

you don't know from your partner. Can learn from each other’s mistakes.” 

Respondent #272 [Black Male]: “Pair programming equips students to finish 

programming tasks quickly and efficiently. It also provides easier means to learn how to 

code.” 

From the quotes listed above, it is quite clear that pair programming allows the students to 

complete their programming assignments faster and with higher efficiency than when 

programming solo. Working in a pair forces the students to use their time wisely because they 

are forced to focus on the task at hand. This serves as an explanation for the skewed perception 
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of time that they experience when they are programming in pairs, and they end up feeling that 

they worked for less time than they actually did in reality. 

5.3.2 SOCIAL SKILLS AND COMMUNICATION  

Respondent #09 [White Male]: “You learn to work with people.” 

Respondent #11 [White Female]: “Communication and programming skills.” 

Respondent #160 [Coloured Male]: “It helps me to work with others and improves my 

social skills.” 

Respondent #169 [Black Male]: “You get to work on your communication and teamwork 

skills which are essential for you to have in the industry.” 

It is indeed obvious that pair programming is a communication-intensive process and it is of the 

utmost importance when it comes to working with a partner. In the literature, Williams and Kessler 

(2003) describe a silent pair as a signal of danger. In order to be a good programming partner, 

one must be a good listener, articulate properly, debate and discuss code. This constant 

communication is of paramount importance for success in academia, and in the industry (see 

Sections 3.3.4 and 3.5.4). 

5.3.3 HELPING AND SHARING KNOWLEDGE 

Respondent #29 [White Female]: “Stuff I don't know my partner knows. She helps me 

with the parts of programming I struggle with and vice versa. Spotting errors in the code 

is also easier with two pairs of eyes.” 

Respondent #47 [White Male]: “Shared knowledge.” 

Respondent #83 [White Male]: “Makes you focus more on the task than doing it on your 

own. It is helpful to have a partner to talk with about your ideas and see if he thought the 

same or knows a better way.” 

Respondent #116 [White Female]: “you can share your knowledge with your partner and 

they can also teach you some things.” 
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Without a doubt there is a transfer of knowledge that takes place between students during the 

pair programming process. The two students can answer each other’s questions and constant 

communication makes this knowledge transfer occur quickly which is widely acknowledged as a 

benefit by a range of studies in the industry (see Section 3.5.3). 

5.3.4 PROBLEM SOLVING AND DIFFERENT PERSPECTIVES/SOLUTIONS 

Respondent #45 [White Female]: “You understand a problem more efficiently if you work 

in pairs, because the other person brings another perspective to a problem. You learn to 

work in a team and learn more of programming by working with another person (in my 

case my partner was a more experienced programmer than I am, so I learned a lot from 

her).” 

Respondent #79 [Black Female]: “Through the sharing of ideas, we see how various 

problems have various solutions which all lead to the same answer.”  

Respondent #181 [White Female]: “Your partner might do something differently to how 

you would, which can sometimes open you up to different ways of doing something.” 

Many beginner programmers, unfortunately, have insufficient computational thinking, and 

programming knowledge, and the expertise to solve a problem. Beginners are required to focus 

on a range of skills, such as problem-solving and problem design. It is clear that having a 

programming partner is quite beneficial in the sense that he/she can help his/her partner to solve 

a problem that is troubling them by presenting a different perspective with regard to a solution. As 

a result, the partner gains knowledge and learns from his/her partner (see Section 3.5.3). 

5.3.5 TEAMWORK 

Respondent #131 [Black Male]: “We work together, team work.” 

Respondent #134 [White Female]: “1. Get to know each other. 2. Team work. 3. Get 

things done faster. 4. See things from your partner's side too, maybe wouldn't have 

noticed if partner didn't bring it up.” 

Respondent #135 [Coloured Male]: “You learn how to work together with someone else, 

which can help in your future job.” 
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Respondent #146 [Black Male]: “It is effective and promotes teamwork.” 

Respondent #151 [Black Male]: “It teaches importance of team work and 

communication.’’ 

It is clear from these responses relating to teamwork that most underrepresented students prefer 

teamwork by means of pair programming when it comes to learning programming languages. In 

the IT industry, multifaceted software systems are only built by a large team of software 

developers. It is evident from these responses reported above that the students are aware of the 

fact that pair programming is mostly used in the IT industry and they can see the great value that 

this specific pair programming benefit brings forth. 

5.3.6 ERROR DETECTION/EASE OF USE 

Respondent #33 [White Male]: “Your partner can easily detect errors while you are typing 

rather than you debugging them after unsuccessfully running the program.” 

Respondent #69 [White Female]: “It is easier to program in pairs, because it makes the 

room for errors smaller as two people are working together, making sure it is right. It also 

helped me, because I am not very good at programming, I learned a lot from my partner.” 

Respondent #132 [White Male]: “Faults are found faster and easier.” 

Respondent #215 [White Male]: “Learning to spot mistakes in code easier.” 

Pair programming is effective in the work environment, and the classroom setting, due to 

developers or students constantly exchanging ideas, changing driver-navigator roles and in doing 

so, reviewing their code in order to reduce the number of errors which as a result produces a 

product or assignment without errors (see Section 3.5.2). 

5.3.7 CONFIDENCE 

Respondent #22 [White Female]: “Dit het my baie meer selfvertroue gegee.” 

(Translation: “It gave me a lot more self-confidence.”) 

Out of the 284 students, only one mentioned self-confidence as an advantage of pair 

programming in their response. A self-confident student in any aspect of life can handle any kind 
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of setback with minimal effort. The affirmation received from a partner builds courage which as a 

result gives their partner the necessary confidence to tackle a problem head-on with no fear 

compared to when programming solo (Section 3.5.6).  

5.3.8 NONE 

Respondent #242 [White Female]: “I do not think there is any disadvantages of pair 

programming.” 

Respondent #275 [Indian Male]: “Not a problem.” 

Respondent #281 [Black Female]: “None that I can think of.” 

It can be assumed that the students above that had no issues with pair programming. These 

students implemented and used pair programming correctly according to the set pair 

programming principles and guidelines. It is clear that they prefer pair programming over solo 

programming and will most likely accept and use this methodology in the future.  

5.3.9 WORKLOAD 

Respondent #172 [White Male]: “Less work for each individual, divides the workload.”  

Respondent #195 [White Male]: “Less mark work for the lecturer.”  

With regard to Workload, it is apparent that working in a team together on a software system or 

programming assignment, it is crucial for the partners to follow the pair programming principles 

and guidelines in order to effectively divide the workload equally by frequently changing roles and 

remaining in constant communication with each other (see Section 3.5.8). Pair programming not 

only benefits students and developers, but educators as well.  

Pair programming significantly reduces the amount of time spent grading each individual 

assignment and it also makes an educator’s job easier during class due to a student having a 

partner with whom to discuss and solve problems (see Section 3.5.8).  
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5.4 DISADVANTAGES OF PAIR PROGRAMMING  

In this section the responses to the qualitative question “What are the disadvantages of pair 

programming?” are presented and discussed. In concurrence with the quantitative data presented 

in Section 5.3, the following themes emerged from the responses:  

 “conflict” 

 “time-consuming” 

 “incompatible personalities”  

 “skill incompatibility”  

 “lack of knowledge and understanding” 

 “absence” 

 “tardiness” 

 “communication” 

 “language barrier” 

 “ease of use” 

 “anxiety” 

The following sub-sections present and discuss the aforementioned pair programming 

disadvantages. 

5.4.1 CONFLICT 

Respondent #12 [White Male]: “I have to admit that it wasn't all good and fun.  A simple 

reason is that if you disagree with your partner you can't continue with what you have in 

mind. This leads to conflict and by the time when you get your chance to code again you 

have long forgotten what it was you wanted to do.”  
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Respondent #64 [White Male]: “There are often clashes in terms of how to program and 

I feel that having someone program with you can bring you down and affect performance.”  

Respondent #149 [Black Male]: “Clash of ideas.”  

Respondent #160 [Coloured Male]: “You and your pair don't usually agree on certain 

things and results in quarrels and delays you from finishing in time.”  

Respondent #250 [Black Female]: “The disadvantages of pair programming are that 

when you can’t find a common ground with your partner and disagreements ensue from 

that. Another thing is being prepared for a practical and having a partner that’s 

underprepared is frustrating because it feels like the work is being done by one person. 

The last thing is having a partner that can’t thoroughly explain their logic to their ideas of 

programming certain questions. This causes a rift because you are not really sure what 

the program intends to do and when there are errors, it leads to tension because of lack 

of communication.”  

The use and implementation of pair programming can inadvertently lead to conflict between two 

people. Conflicts and/or disagreements always come as a surprise and cause upset to a person 

because he/she do not expect to get into a disagreement with a friend, colleague or someone 

with whom he/she do not share interests. In this situation, it is better to expect conflict to occur 

even before it actually happens. It is important for both parties involved in the conflict to stay calm 

and start the conflict resolution by not making any kind of judgmental statements because these 

words can make the situation even worse. Be respectful and simply give the other person the 

benefit of the doubt and exercise positive reinforcement after the conflict has been resolved. In 

doing so, less time is spent on arguing, and that time can be used to complete the task at hand. 

The educator has to address conflict resolution during their presentation of the pair programming 

guidelines in order to avoid unnecessary conflict (see Section 3.6.1). 

5.4.2 TIME-CONSUMING 

Respondent #07 [White Female]: “It sometimes takes longer to come to a solution 

because each has their own approach.”  
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Respondent #09 [White Male]: “Takes a long time because my knowledge in 

programming is higher than my partner’s knowledge in programming.”  

Respondent #27 [White Male]: “Waste of time in general, typically both programmers 

know what has to be done, and is able to do it due to sufficient education. If they do not 

know what to do they can ask someone who can then give them a brief explanation as to 

what to do instead of literally watching over them as they write the program, which 

effectively cuts productivity in half.”  

Respondent #34 [White Male]: “Was time-consuming for me since it took longer to finish 

a practical. Had to continue programming where my partner stopped, which could be 

confusing. Struggled to communicate my thought process.”  

Time is of the essence and with that being said, Benadé and Liebenberg (2017), in their study 

about pair programming as a learning method found that pair programming with a partner at a 

lower skill level consumes more time compared to programming alone. As a result, this time-

wasting can completely discourage a person from using pair programming (see Section 3.6.4). 

5.4.3 INCOMPATIBLE PERSONALITIES 

Respondent #79 [Black Female]: “Lack of dedication in one of the partners. When 

partners don't get on.”  

Respondent #94 [White Female]: “You and your partner do not always get on.”  

Respondent #114 [White Male]: “Dit kan jou geduld toets. Dit leer jou dat jy nie altyd met 

mense goed oor die weg gaan kom by die werk nie.” (Translation: “It can test your 

patience. It teaches you that you can’t always get along with people at work.”) 

Respondent #164 [White Male]: “Sometimes can be a little bit frustrating when your 

partner has habits you’re not used to.”  

Respondent #166 [White Male]: “If you’re not compatible with your partner and/or their 

skill is below your skill, it will impact the assignment negatively.”  
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Respondent #223 [Black Male]: “I believe that it’s just about understanding the 

personality of your partner.”  

From the responses above, it is quite obvious that pair programming is most problematic when 

the two people involved are incompatible. Students who have a negative pair programming 

experience with a partner with whom they are incompatible can cause them to detest working in 

a pair. This psycho-social mismatch affects the effectiveness of pair programming which can be 

due to personality differences and gender combinations, and programming skill levels (see 

Sections 3.6.2 and 3.6.3). A person’s personality has a great impact on pair compatibility and can 

make it very difficult to work with someone.  

5.4.4 SKILL INCOMPATIBILITY 

Respondent #29 [White Male]: “The time that we have to switch is sometimes irritating, 

because the one who is coding wants to do the program a specific way and the other 

partner has to take over and is maybe not so skilled in this type of method.”  

Respondent #43 [Black Male]: “Working with someone with a higher level of 

programming, might make one feel bad about themselves.” 

Respondent #45 [ White Female]: “You can get frustrated with your partner, especially 

if you are less or more experienced in programming than they are. You have to adapt to 

another person's programming style while also trying to incorporate your own.” 

Respondent #49 [Black Male]: “If your partner thinks he/she is better than you then 

communication between you two it will be hard as he/she will not want to use your 

strategies of programming.” 

Respondent #223 [Black Female]: “If your partner knows more than you, you won't get 

up to date.”  

Students face challenges when they are programming in a pair and this can drastically slow down 

the programming process due to incompatible personalities and differing programming skill levels. 

As in the case of incompatible personality traits, incompatible skill levels can be problematic in 

the sense that a beginner programmer would not be able to keep up with their more skilled and 
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experienced partner. It is possible that the more experienced partner may not have the time to be 

patient working with their lesser-skilled beginner programmer. They may also feel that pair 

programming is useless because they are unable to learn anything from the novice due to the 

large skill gap between them. This can ultimately lead to dissatisfaction from both parties and 

make them less successful in their programming endeavours. The preference for experienced 

programmers to work alone or to do all the work by themselves is because of their partner holding 

them back, therefore, causes frustration, guilt and mistrust (see Section 3.6.2). 

5.4.5 LACK OF KNOWLEDGE AND UNDERSTANDING 

Respondent #03 [Black Male]: “Lack of understanding the work makes one rely on 

another person.”  

Respondent #68 [White Female]: “When I was busy with an idea and we had to switch 

places it interrupted the idea I was busy working on with and my partner didn't always 

understand at first what I was doing.”  

Respondent #106 [Black Male]: “The inability of the other programmer to prepare and 

understand concepts of programming.” 

Respondent #150 [Indian Male]: “Sometimes it's hard to understand what the other 

person is thinking.” 

Respondent #181 [White Female]: “My way of understanding code and how certain 

things work is by doing an assignment and figuring out the solutions myself. Pair 

programming made it so I don't fully take in what we're doing because I wasn't necessarily 

the one to be thinking what code to write or solving the problem (my partner would for 

example think about a solution faster than me which doesn't give me time to come up with 

a solution on my own).” 

It is challenging for someone with a high programming skill level and vast experience to work with 

a person who is completely clueless about programming concepts and who is unprepared to solve 

a problem in order to complete a task. This lack of knowledge can be time-consuming with regard 

to the entire development process. People think and reason differently; some struggle to articulate 
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themselves adequately which can cause a misunderstanding amongst the pair (see Sections 3.4, 

3.5.3, 3.5.7 and 3.6.1). 

5.4.6 ABSENCE/TARDINESS 

Respondent #01 [Black Male]: “My partner is absent sometimes.” 

Respondent #69 [White Female]: “My partner was very unreliable, so I ended up working 

with three different partners.” 

Respondent #109 [White Female]: “If your partner does not show, you need to adapt 

with someone else.” 

Respondent #158 [Black Female]: “When a team mate is absent or late it becomes a 

problem.” 

Students who fail to attend classes not only have a negative impact on their own ability to 

contribute to the joint assignment, but also on their partner’s ability to work productively. Tardiness 

puts their partner at a great disadvantage because they are forced to work individually which 

defeats the whole purpose of pair programming and prohibits them from reaping the benefits of 

this teaching methodology (see Section 3.6.4).  

5.4.7 COMMUNICATION/LANGUAGE BARRIER 

Respondent #81 [White Male]: “Skill level and language create difficulties in 

communication and takes up extra time and effort.” 

Respondent #90 [White Male]: “A lack of communication makes programming difficult. 

Respondent #118 [Black Male]: “Language might be a barrier and skill levels might 

differ.” 

Respondent #186 [Coloured Male]: “Lack of communication. Finding a partner that 

makes you do all the work.” 

South Africa is a diverse nation that boasts 11 official languages, which makes communication 

one of the main difficulties that contribute to programming pairs being unsuccessful. It is therefore 
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not surprising that the students quoted above pointed out the language barrier being a major pair 

programming disadvantage. In order for pair programming to be executed correctly, 

communication is of the utmost importance and it makes the programming progress impossible 

because an Afrikaans speaking student to discuss, debate, and provide a solution for a problem 

with an isiXhosa speaking student. As a result, this inability for two people to talk to each other 

can lead to conflict and deter both students from making use of pair programming in the future 

(see Section 3.6.1).  

5.4.8 ANXIETY 

Respondent #137 [White Male]: “Social interaction I have anxiety.” 

It is true that some people have a social anxiety disorder which is an extreme fear of engaging in 

social interactions. This mental illness is quite common and can have a long-term impact on a 

person’s life. Any mental illness can make the simplest of tasks complex.  

In the classroom setting it can be quite difficult for someone who has social anxiety to work 

productively with a partner due to his/her crippling fear of being judged or watched by others 

which can really make the driver-navigator experience quite unpleasant. For those students that 

have been battling with this phobia since their teenage years, there is hope because this 

overwhelming fear of social settings can be treated and it does get better as one gets older.  

5.5 DIFFERENCES AMONG STUDENTS 

When conducting the mixed-methods research, the researcher may find contradictory 

conclusions from the quantitative, as well as the qualitative strands, however these contradicting 

findings are valuable in the sense that they enrich the understanding of a phenomenon, in doing 

so opens new avenues for further research (Venkatesh et al., 2013). In the reported quantitative 

results presented, it showed that the students felt that pair programming does have a positive 

influence on the experiences of underrepresented groups. In addition, some of the qualitative 

results re-affirmed that notion. However, there are comments from the students overall that 

contradicted the notion that pair programming has a positive influence on their programming 

experience. 
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The students who participated in this study were all placed in categories based on their gender, 

ethnicity, computer and Internet access, IT as a high school subject and their academic 

performances. The majority of the students were males (70.4%) and the minority were females 

(29.6%). The gender distribution (Figure 5.3) is depicted in the chart below:  

 

Figure 13   Figure 5.3 Gender Distribution Chart 

As mentioned before, the students who participated in this study come from different ethnic 

backgrounds. The chart (Figure 5.4) below displays the ethnic diversity among the students. 

 

Figure 14    Figure 5.4 Ethnicity Distribution Chart 

In the context of this study, the students who identified as Black, Coloured and/or Indian are the 

minorities (non-white 31%) and the White students make up 69% of this population. 
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Due to this study only focusing on access to computers and the internet at educational institutions, 

the statistical analysis for the “I have a computer at home” category was omitted. By means of 

using T-tests, all the categories previously mentioned, were tested for any practically visible 

differences or significant differences between the eight UTAUT2 factors used for this study. The 

Bartlett p-values are only presented for the sake of completeness, and will not be interpreted, 

since a convenience sample is used instead of a random sample.  

5.5.1 GENDER 

Based on the reported effect size (d = 0.52) in Table 5.3 below, there is a practically significant 

difference between the means of the Habit factor of the female students and the male students. 

This means that the female students (mean = 3.29) agreed more with regard to the statements 

within the Habit factor whereas their male counterparts (mean = 2.73) agreed significantly less. 

This indicates that female students are more inclined to make use of pair programming principles 

because they believe that the implementation of the specified principles is an automatic behaviour 

(a habit), in contrast to the male students who believe otherwise. 

13    Table 5.3 –  Differences based on Gender 

 

5.5.2 ETHNICITY 

Based on the reported effect size (d = 0.29) as seen in Table 5.4 below, there is a small difference 

between the Compatibility of the majority students and the minority students. This suggests that 

the majority students with (mean = 2.660) on average felt more negative with regard to the 

statements within this factor whereas the minority students (mean = 2.920) on average felt neutral. 

This indicates that compatibility in terms of ethnic origin was not a problem due to the fact that 

the students were given the liberty to choose their partner who more often than not shared the 

same ethnic origin. It is interesting to note that there is a small to medium practical significant 

Gender

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Performance Expectancy  3.351 1.136  3.875 1.023   0.46 <0.001

Hedonic Motivation  3.485 1.101  3.877 1.045   0.36 <0.050

Habit  2.728 1.083  3.293 1.045   0.52 <0.001

Pair programming taught me teamwork.    3.670 0.998    4.080 0.839   0.41 <0.001

I prefer pair programming over solo programming.    2.780 1.297    3.440 1.484   0.45 <0.001

Male (n=200) Female (n=84)
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difference (d = 0.35) between the ethnic minority students (n = 88), and the ethnic majority 

students with regard to their programming preferences. The minority students prefer pair 

programming (mean = 3.32) in comparison with the majority students who prefer solo 

programming (mean = 2.820). 

14    Table 5.4 –  Differences based on Ethnicity 

 

5.5.3 COMPUTER ACCESS SINCE GRADE 1 

Based on the reported effect size (d = 0.03) shown in Table 5.5 below, there is no practically 

significant difference between the mean scores of the students who had access to a computer 

since Grade 1 and the students who had no access to a computer since Grade 1. This simply 

means that the students who had access to a computer with (mean = 2.95) on average felt 

somewhat neutral. Similarly, the students who had no access to a computer since Grade 1 felt 

rather neutral with regards to their programming preference. 

15   Table 5.5 –  Differences based on Computer Access since Grade 1 

 

5.5.4 INTERNET ACCESS SINCE GRADE 1 

The reported effect size (d = 0.28) as presented in Table 5.6 below, shows that there is a small, 

practically no difference between the Facilitating Conditions of the students who had access to 

the Internet since Grade 1 and the students who had no access to the Internet. This means that 

the students with access to the Internet with (mean = 3.69) on average felt neutral. The students 

Ethnicity

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Performance Expectancy  3.367 1.193 3.815 0.898   0.38 <0.001

Behavioral Intention  3.284 1.016 3.678 0.907   0.39 0.084

Pair Compatibility  2.660 0.796 2.920 0.903   0.29 <0.050

I prefer pair programming over solo programming.    2.820 1.424    3.320 1.237   0.35 <0.050

Majority (n=196) Minority (n=88)

Computer Access since Grade 1

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Performance Expectancy 3.438 1.198 3.566 1.062   0.11 0.343

Behavioral Intention 3.343 1.016 3.462 0.983   0.12 0.319

Pair Compatibility 2.712 0.817 2.766 0.858   0.06 0.588

I prefer pair programming over solo programming. 2.947 1.394 2.993 1.383   0.03 0.783

Access (n=134)
No-access 

(n=150)
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with no access to the Internet with (mean = 3.90) on average completely agree with regard to the 

Facilitating Conditions factor. This simply means that the students with no Internet access believe 

to a great extent that they have the technical infrastructure at their disposal to support the use of 

pair programming in an introductory programming course.   

16  Table 5.6 –  Differences based on Computer Access since Grade 1  

 

5.5.5 IT AS A HIGH SCHOOL SUBJECT 

In Table 5.7 below, the reported effect size of (d = 0.76) displays a large, practically significant 

difference between the means of the students who had IT as a subject in high school with (mean 

= 2.25) and those who did not have IT as a high school subject (mean = 3.26) with regard to their 

programming preferences. This means that the students who had IT as a high school subject on 

average feel negative towards preferring pair programming over solo programming, whereas the 

students who did not have IT in high school are on average neutral, and felt a bit positive towards 

their programming preference. With regards to pair programming teaching teamwork, the non-IT 

students feel neutral and are leaning towards strongly agree with a mean score of 3.89.  

Furthermore, there is another large practically significant difference between the IT and non-IT 

students with a reported effect size of (d = 0.73). The former with (mean = 2.34) on average feel 

negative towards the Habit factor item compared to the latter with a reported mean of (mean = 

3.12), indicating that the non-IT students feel completely neutral to almost agree. Consequently, 

this positive stance has a direct and indirect effect through Behavioural Intention. With regards to 

Behavioural Intention, the mean for the non-IT students (mean = 3.6) indicates that this group 

feels more positive. It is also interesting to see that this same group of students believes to a high 

degree that using pair programming helped them to better their academic performances and as 

a result enhanced the quality of their work (mean = 3.77). This is a clear indication that the 

students who did not have IT as a high school subject prefer pair programming over solo 

programming due to the benefits of pair programming. 

Internet Access since Grade 1

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Social Influence 3.225 0.837 3.461 0.851   0.28 <0.050

Facilitating Conditions 3.687 0.766 3.901 0.655   0.28 <0.050

I prefer pair programming over solo programming. 2.830 1.319 3.260 1.481   0.29 <0.050

Access (n=190) No-access (n=94)
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17   Table 5.7 –  Differences based on IT as a High School Subject 

 

5.5.6 ACADEMIC PERFORMANCE 

Table 5.8 displayed below, with the reported effect size of (d = 0.48) with regard to the 

Performance Expectancy factor indicates a medium, practically visible difference between the 

students who achieved a distinction in previous programming modules (mean = 3.08) and the 

students who achieved a pass with a (mean of 3.72). The students with a distinction on average 

feel neutral, and felt negative with regard to Performance Expectancy. On the other hand, the 

pass students are neutral and felt more positive. The students who achieved a pass believe that 

pair programming can help them improve their academic performances.  

With regard to the Hedonic Motivation factor, the effect size (d = 0.31) which displays a small, 

practically significant difference between the distinction students (mean = 3.36) and the pass 

students with a (mean = 3.74). Both respondent groups are neutral, and felt positive which means 

that both groups to a certain extent feel a degree of happiness as a result of programming in a 

pair.  

It is interesting to note that the students with a distinction (mean = 3.5) with regard to the ‘Pair 

programming taught me teamwork’ on average agree that pair programming indeed does teach 

teamwork, but these same students prefer solo programming over pair programming due to their 

mean of 2.55 suggesting that they are neutral, and felt negative with regards to their programming 

preference. On the contrary, the students who achieved a pass feel neutral, and were positive 

with regard to their programming preference (mean = 3.15). This means that they prefer pair 

programming over solo programming. To further support this finding, this same group of students 

feel positive almost strongly agree with the ‘Pair programming taught me teamwork’ item with 

(mean = 3.94).  

IT as High School subject

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Performance Expectancy 2.843 1.242 3.770 0.961   0.75 <0.001

Hedonic Motivation 3.218 1.151 3.754 1.039   0.47 <0.001

Social Influence 3.045 0.854 3.406 0.825   0.42 <0.001

Habit 2.342 1.058 3.116 1.042   0.73 <0.001

Behavioral Intention 2.996 1.033 3.569 0.939   0.56 <0.001

Pair programming taught me teamwork. 3.540 1.013 3.890 0.938   0.34 <0.050

I prefer pair programming over solo programming. 2.250 1.250 3.260 1.333   0.76 <0.001

IT (n=81) Non-IT (n=203)
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18    Table 5.8 –  Differences based on Academic Performance 

 

In summary, the results above show that Performance Expectancy, Hedonic Motivation, 

Facilitating Conditions, and the Habit factor had a positive effect with regard to the Behavioural 

intention to implement and use pair programming. It is clear from this current study and prior 

findings in the literature that the students strongly believe that their academic performances, and 

their quality of work will improve, if they correctly use pair programming and reap the benefits 

thereof. Minority students are more likely to pursue IT-related courses if the supporting technical 

infrastructure is available to them (Liebenberg et al., 2018; Liebenberg et al., 2012; Nawrocki & 

Wojciechowski, 2001; Venkatesh et al., 2012; Venkatesh et al., 2016; Williams & Kessler, 2000a; 

Williams & Kessler, 2001).  

5.6 RELATIONSHIPS BETWEEN RACE AND GENDER AND THE UTAUT2 FACTORS 

According to Kenton (2021), analysis of variance (ANOVA) is an analysis tool that is used in 

statistics which divides an observed aggregate variability found inside a data set into two parts, 

systematic factors and random factors. This is done in order to determine the statistical influence 

on a given data set. The researcher used ANOVA to determine what influence independent 

variables have on the dependent variable.(Kenton, 2021; Lakens, 2013)  Effect sizes are used to 

determine the sample size to examine effects across studies, therefore it is the most important 

outcome of empirical studies due to the fact that it emphasises and communicates the practical 

significance of results (Lakens, 2013). For the purpose of this study, performance expectancy is 

the degree to which an individual believes that his/her performance would increase using pair 

programming (Izuagbe, 2021).  

Academic Performance

Factors/Statements Mean St. Dev Mean St. Dev
Effect 

Size (d)
p-value

Performance Expectancy 3.082 1.345 3.721 0.916   0.48 <0.001

Hedonic Motivation 3.356 1.265 3.743 0.979   0.31 <0.050

Habit 2.508 1.121 3.080 0.963   0.47 <0.001

Behavioral Intention 3.158 1.171 3.531 0.855   0.32 <0.050

Pair programming taught me teamwork. 3.495 1.101 3.942 0.835   0.41 <0.001

I prefer pair programming over solo programming. 2.545 1.389 3.150 1.324   0.44 <0.001

Distinction 

(n=101)
Pass (n=175)
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5.6.1 PERFORMANCE EXPECTANCY 

The results of the ANOVA test between Female White with Female Non-White (d = 0.21) indicates 

a small effect which means that the females in the class regardless of their ethnic origin, believe 

that pair programming is useful. However, when comparing the effect size between White Males 

and White Females (d = 0.72), the indication is that there is a large impact and it can be interpreted 

as the group of White Males not finding pair programming useful or productive. The performance 

expectancy between White Males and Non-White females has an effect size of 0.51 which shows 

that there is a large effect between the two groups and it also shows that Non-White Females 

believe that pair programming increases their chances of improving their marks. There is a small 

effect when comparing Non-White Males with Non-White Females (d = 0.16) and White Females 

(d = 0.08), which indicates that the minorities overall believe that pair programming allows them 

to complete tasks quicker, and it also improves their productivity. There was also a significant 

difference when comparing White Males and Non-White Males with an effect size of 0.64, 

indicating that White Males do not find pair programming useful as they prefer programming solo 

(see Table 5.9). 

19    Table 5.9 ANOVA – Performance Expectancy 

 

5.6.2 HEDONIC MOTIVATION 

The ANOVA test conducted on Hedonic Motivation, points to a large effect with an effect size of 

0.57 when comparing White Males and White Females. The result between Non-White Males and 

White Females has a small effect (d = 0.17) which points to the two groups finding pair 

programming fun and enjoyable. 

 

 

 

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.948 1.111

Female Non-White 26 3.711 0.786 0.212

Male White 138 3.123 1.145 0.720 0.513

Male Non-White 62 3.858 0.943 0.080 0.156 0.642

Total 284 3.506 1.128

Effect Size

Performance 

Expectancy 
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20    Table 5.10 ANOVA – Hedonic Motivation 

 

Similarly, Non-White Males and Non-White Females believe that pair programming is fun and 

enjoyable yielding an effect size of 0.21 which indicated a small effect. However, when comparing 

White Males and Non-White Males with (d = 0.41), it is clear that with this large effect, White 

Males do not find pair programming fun nor enjoyable.  

5.6.3 EFFORT EXPECTANCY 

As seen in the table below (see Table 5.11), Effort Expectancy has a large effect on Non-White 

Males and Non-White Females with an effect size of 0.50 which indicates a significant difference 

between both these groups. This means that the minorities find pair programming easy to use 

and it can make them become skilful programmers. In contrast, there is a small effect between 

White Males and Non-White Males (d = 0.26), which suggests that White Males do not find pair 

programming easy to use and they are reluctant to utilise it in order to become more skilful 

programmers.  

21 Table 5.11 ANOVA – Effort Expectancy 

 

5.6.4 SOCIAL INFLUENCE 

With regard to Social Influence, there is a large effect between the White Males and the Non-

White Males. Between these two groups (d = 0.43) lies a significant difference in the sense that 

Non-White Males who prefer pair programming value each other’s opinions and they believe that 

they should use pair programming to complete programming tasks. There was also a small effect 

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.994 1.078

Female NonWhite 26 3.615 0.931 0.351

Male White 138 3.338 1.154 0.568 0.240

Male NonWhite 62 3.811 0.896 0.169 0.210 0.410

Total 284 3.600 1.097

Effect Size

Hedonic 

Motivation

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.905 0.861

Female NonWhite 26 3.403 0.818 0.581

Male White 138 3.606 0.938 0.317 0.216

Male NonWhite 62 3.854 0.898 0.056 0.502 0.264

Total 284 3.703 0.913

Effect Size

Effort 

Expectancy
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between White Females and Non-White Females (d = 0.14) and they both agree that the people 

who are important to them also think that they should use pair programming to complete 

programming tasks. When comparing the Social Influence between White Males and Females in 

general both White (d= 0.30) and Non-White (d = 0.17) indicates a significant difference in the 

sense that White Males in the classroom setting do not use pair programming and so not see it 

as useful to complete tasks efficiently.  

22    Table 5.12 ANOVA – Social Influence 

 

5.6.5 HABIT 

As shown in the table below (see Table 5.13), there is indeed a significant difference between 

Non-White Males and White Males with the effect size of 0.47. This large effect, points to the fact 

that White Males do not rely on pair programming to complete programming tasks and the use 

thereof feels unnatural to them. However, there is a small effect between Non-White Males and 

Non-White Females (d = 0.01) and White Females (d= 0.28) which implies that these minority 

groups together agree that using pair programming has become natural and is a habit for them, 

and they rely on it to complete all their programming tasks. Strangely enough, there is a large 

effect between White Males and White Females (d = 0.76). This significant difference between 

the groups suggests that White Males do not rely on their partners to complete programming 

tasks. 

23    Table 5.13 ANOVA – Habit 

 

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.425 0.889

Female NonWhite 26 3.294 0.576 0.146

Male White 138 3.149 0.824 0.309 0.176

Male NonWhite 62 3.532 0.902 0.118 0.263 0.423

Total 284 3.302 0.848

Effect Size

Social 

Influence

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.385 1.075

Female NonWhite 26 3.089 0.964 0.274

Male White 138 2.572 1.057 0.755 0.488

Male NonWhite 62 3.075 1.068 0.287 0.013 0.470

Total 284 2.895 1.101

Effect Size

Habit
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5.6.6 FACILITATING CONDITIONS 

Despite having access to the necessary resources and knowledge to use pair programming it is 

evident that White Males find pair programming incompatible with their preferred programming 

style when paired together compared to White Females with an effect size of 0.54. In contrast, 

the effect size of 0.10 between Non-White Males and White Males and the effect size of 0.32 

between Non-White Females, indicates that these minority groups, in terms of facilitating 

conditions, believe that pair programming is compatible with their programming style. 

24    Table 5.14 ANOVA – Facilitating Conditions 

 

5.6.7 BEHAVIOURAL INTENTION 

In terms of Behavioural Intention, there is a statistical significance when comparing Non-White 

Males and White Males. The large effect size of 0.56 between these two groups, points to the 

White Males not intending to use pair programming, even in the future elsewhere in their studies 

to complete tasks. There is a small effect that exists between Non-White Females and Non-White 

Males (d = 0.2) which points to their belief that they will continue using pair programming to 

complete programming tasks and they intend to use the principles of pair programming in the 

future. Similarly, White Females also intend to use pair programming in the future to complete 

programming tasks when compared to Non-White Females (d = 0.08) and Non-White Males (d = 

0.13). These small differences between the minority groups point to them favouring pair 

programming, unlike the White Male population in the class. 

 

 

 

 

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.879 0.697

Female NonWhite 26   3.50 0.464 0.544

Male White 138 3.743 0.725 0.186 0.336

Male NonWhite 62 3.784 0.868 0.108 0.328 0.047

Total 284 3.758 0.737

Effect Size

Facilitating 

Conditions
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25    Table 5.15 ANOVA – Behavioural Intention 

 

5.6.8 PAIR COMPATIBILITY 

With respect to Compatibility, there is a small effect that is evident between Non-White Males and 

Non-White Females (d = 0.06). This statistical significance implies that these two groups are 

compatible with their partners and do not find pair programming difficult to use even if their partner 

was on a different programming skill level. Furthermore, there is a medium effect between Non-

White Females and Non-White Males (d = 0.26) which indicates that these two groups believe 

that pair programming taught them how to work as a team in order to complete programming 

tasks. The medium difference (d = 0.31) that exists between White Males and Non-White Males 

points to White Males agreeing that they were incompatible with their partner and it clearly 

indicates that they prefer working alone to working with a partner on a programming task. 

However, a major factor, such as the lack of communication could be the reason for this difference 

which can make pair programming challenging.  

26    Table 5.16 ANOVA – Pair Compatibility 

 

5.6.9 TEAMWORK 

In view of pair programming teaching the students Teamwork, it is evident that there is a 

significant statistical difference between White Males and Non-White Males. This large effect (d 

= 0.44) between the two groups, indicates that White Males did not learn how to work as a team 

throughout the course of the semester. The same can be said for the difference between White 

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 3.609 0.851

Female NonWhite 26 3.538 0.718 0.083

Male White 138 3.147 1.051 0.439 0.371

Male NonWhite 62 3.736 0.975 0.130 0.203 0.560

Total 284 3.406 0.999

Effect Size

Behavioural 

Intention

N Mean Std. Deviation Female White with Female NonWhite with Male White with

Female White 58 2.698 0.860

Female NonWhite 26 2.875 0.831 0.205

Male White 138 2.644 0.769 0.061 0.276

Male NonWhite 62 2.939 0.938 0.257 0.068 0.313

Total 284 2.741 0.837

Effect Size

Pair 

Compatibility
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Males and White Females where the effect size was 0.64. Furthermore, there was also a medium 

effect between those same White Males and Non-White Females (d = 0.30) which is in 

accordance with their dislike of pair programming. The Non-White Males and Females showed a 

small effect (d = 0.13) when compared to each other which shows that they both learnt teamwork 

by using pair programming.  

27    Table 5.17 ANOVA – Teamwork 

 

5.6.10 PAIR PROGRAMMING OVER SOLO PROGRAMMING 

With regard to programming preferences, it is clear that White Females and Non-White Females 

have a small difference of 0.12 which suggests that both groups prefer pair programming over 

solo programming. In contrast, when comparing the effect size between White Males and White 

Females, it is evident that White Males prefer solo programming over pair programming due to 

the large effect size (d = 0.63). The same can also be said about the effect size between White 

Males and Non-White Females (d = 0.58), which further implies their preference for solo 

programming. In addition, the effect sizes between Non-White Males and Non-White Females is 

insignificant with a value of (d = 0.11). Similarly, there is also a small effect size between Non-

White Males and White Females (d = 0.01).  

On the other hand, a large difference between Non-White Males and White Males (d = 0.63). It is 

remarkable to note that the effect size between White Males and White Females is exactly the 

same as the effect size (d = 0.63) between White Males and Non-White Males (d = 0.63). The 

results from this ANOVA analysis proves that in general, White Males do indeed have a strong 

preference for solo programming over pair programming. When taking into account all of the 

aforementioned findings, the entire group have a positive opinion on pair programming which 

means that the White Males lower the mean which, as a result, indicates that the ethnic minorities 

feel even more positive about pair programming. Thus, this significant finding from this study 

answers the research question, and substantiates the great impact that pair programming has on 

N Mean Std. Deviation Female White with Female NonWhite with Male White with 

Female White 58 4.189 0.712

Female NonWhite 26 3.846 1.046 0.328

Male White 138 3.528 1.026 0.643 0.303

Male NonWhite 62 3.983 0.858 0.239 0.131 0.443

Total 284 3.792 0.970

Effect size

Teamwork
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the underrepresented students’ experiences and perceptions of Information Technology in South 

Africa. 

28Table 5.18 ANOVA – Pair programming over Solo programming 

 

5.7 CONTRADICTORY CONCLUSIONS 

When conducting the mixed-methods research, the researcher may find contradictory 

conclusions from the quantitative, as well as the quantitative strands, however these contradicting 

findings are valuable in the sense that they enrich the understanding of a phenomenon, in doing 

so opens new avenues for further research (Venkatesh et al., 2013). In the reported quantitative 

results presented above, it showed that the students felt positive about pair programming over 

solo programming, and some of the qualitative results re-affirmed that notion.  However, the 

comments of the white male below contradicted the notion that the entire group prefers pair 

programming over solo programming, when there are a few that dislike pair programming due to 

their complaints about pair programming becoming a habit and compatibility. 

Respondent #81 [White Male]: “Due to the nature of people and their group dynamic as 

a whole being forced into pair programming can be compared to communism, even though 

it sounds great in theory with equal work distribution, the work distribution will always be 

off-balance one way or another and at the end of the day those involved in the group 

losses their passion for a wonderful subject as great as C#. Above all that, there is no 

pride in the work, the piece of work that is completed is always "our" work, sure pride can 

be taken in the result of a collective effort, but the work tend to be little fun projects given 

in a stressful environment (noisy & unhygienic labs, slow computers, multiple parts to 

complete that tend to be more just because you’re in a group), on a deadline and it kind 

of ruins the whole experience; and even if you do enjoy the piece of work despite the bad 

environment you can't call it your own, you can't make any project your own; even if you’re 

the one that made the project a success you can't take full recognition because then you’re 

N Mean Std. Deviation Female White with Female NonWhite with Male White with 

Female White 58 3.50 1.547

Female NonWhite 26 3.307 1.349 0.124

Male White 138 2.528 1.268 0.627 0.576

Male NonWhite 62 3.322 1.198 0.114 0.011 0.625

Total 284 2.971 1.386

Effect size

Pair programming over 

Solo Programming 
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doing something that is frowned upon. Pair programming is a necessity in many cases, 

but small things like this make it an awful experience.” 

It can be deduced that this respondent prefers solo programming over pair programming. The 

respondent is probably not the only one to feel this way towards collaborative learning. For him, 

he prefers having a complete control over whatever he is developing because it allows him to 

solve problems in his own way. However, he is definitely the only one in this group of respondents 

to compare pair programming to communism.  

5.8 SUMMARY 

In this chapter, the results of the statistical analysis were presented and discussed. In Chapter 6, 

based on the analysed results in previous chapters, recommendations will be made and it will 

also conclude this study. 
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CHAPTER 6 CONCLUSION AND RECOMMENDATIONS 

6.1 SYNOPSIS OF THIS STUDY 

This research study on pair programming and underrepresented groups in Information 

Technology in South Africa consists of six chapters.  In Chapter 1, the problem, research aim and 

objectives, methods of investigation and design, chapter division and core literature references 

were stated. In this chapter the requirement of adequately qualified ICT employees who 

traditionally belong to the underrepresented groups in IT in South Africa’s IT industry, in addition 

to the shortage of said minorities in IT-related courses in universities and other institutions of 

higher learning were highlighted. Pair programming was suggested as an intervention tool in order 

to address the factors that potentially limit underrepresented groups’ participation in IT-related 

fields. Pair programming in the context of this research study is quite promising in the sense that 

it shows that it might attract and increase the retention rate of underrepresented groups in IT in 

South Africa.  

In Chapter 2, a literature review of underrepresented groups in IT was undertaken. This chapter 

further provided a discussion on the historical view of STEM fields in South Africa, the digital 

divide among minorities as well as the closing thereof and women in IT. In addition, the various 

efforts made to increase the participation of racial, and gender-based minorities in STEM fields 

were discussed. 

In Chapter 3, a literature review of pair programming was given. In this chapter, the use of pair 

programming in the industry in terms of the development methodologies that are implemented 

with regard to software development as a whole was discussed. The discussion also focused on 

pair programming in the context of the classroom, highlighting the guidelines, the educational 

advantages of implementing pair programming and its challenges in an introductory programming 

course. 

In Chapter 4, the research methodology of this study was detailed. A discussion was provided of 

the positivistic research paradigm used, the demographic information of the students involved, 

the research design methodology in terms of data collection methods and instruments, and the 

description of how the data was analysed for this study.  
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In Chapter 5, the descriptive statistical results were presented and discussed, followed by the 

themes that emerged in the qualitative data extracted from the open-ended questions in the 

questionnaire, and the results of variance with regard to the students’ demographic data. 

In this final chapter, a discussion and interpretation of the research results in light of the research 

question set for this study are provided. The conclusions arising from the results are drawn, 

followed by recommendations resulting from the conclusions. 

6.2 DISCUSSION OF THE FINDINGS OF THIS STUDY 

The interpretation and discussion of the research results occur in light of the study objectives: 

 To examine the literature on the underrepresented groups in Information Technology; 

 To examine the literature on pair programming; and 

 To investigate the impact of pair programming on the students’ experiences and 

perceptions.  

The discussion focuses more explicitly on the empirical findings than on the literature, because 

the literature studied in Chapters 2 and 3 formed a foundation for data collection and analysis in 

the empirical study in Chapter 4 and Chapter 5.  The literature is therefore implicitly and 

intrinsically part of the study and its findings. 

 

6.2.1 SYNOPSIS OF THE LITERATURE STUDY 

Firstly, a synopsis of the findings of the literature study is given.  

6.2.1.1 UNDERREPRESENTED GROUPS IN IT 

In Africa, there is a critical shortage of graduates with adequate computing skills. Regardless of 

the various efforts made in the industry on a global scale to increase the representation of ethnic 

minorities in STEM fields, these groups remain underrepresented. Women, people of colour, and 

people with disabilities are essential in closing this perceived gap in STEM fields. In South Africa, 

historical and political policies are responsible for the production of scientific knowledge and the 

education of the future scientists of this country.  
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Marred by the governance of the Apartheid regime, people of colour in South Africa were 

subjected to inferior levels of education established by the Bantu Education Act of 1953. The 1997 

Higher Education Act was instated in order to address the past inequalities and to overcome 

racism and sexism in institutions of higher education. There exists a digital divide in this country 

due to the high level of poverty. This divide is an area of great concern in South Africa in the 

sense that it has a great impact on the millions of households in the country. These countless 

households have limited or no access to educational programs that involve computing.  

Over the decades, the use of computers, as well as the internet has grown at a slow rate. Due to 

poverty and racial segregation, the majority of South Africans who are black are mostly 

uneducated and those who are educated received their education from low-income schools. 

These schools have inadequately trained educators who are unable to teach their students the 

basic technical skills that are required to use a computer and the internet, whereas their affluent 

counterparts who are the minority in this country have the luxury of learning these skills in the 

comfort of their homes. The low level of education of these individuals who live in impoverished 

communities is limited to low-skill jobs that do not require the use of computers and the internet.  

In order to close this digital divide, it is important to acknowledge that adequate educational 

infrastructure plays a major role in society. It enhances the character and self-belief of these 

individuals when they are young so that they can set high expectations and goals for themselves. 

It is absolutely imperative that the government provides them with the necessary assistance in 

the form of technological equipment and coding initiatives in order for them to attain a high 

academic standing and, as a result, get employed in the IT world and achieve a high standard of 

living.  

6.2.1.2 PAIR PROGRAMMING  

Pair programming is an example of an Extreme Programming practice, where two programmers 

collaborate at the same computer to complete a task. In the process, both of these programmers 

gain knowledge from each other.  

In the midst of the forthcoming Fourth Industrial Revolution, software plays a significant role in 

our daily lives and software development has always been regarded as a notoriously difficult task 
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to perform. In the software development industry, the delivery of a high-quality software program 

is the primary objective for all the developers involved in the process.  

The quality of the software is dictated by the software development approach used in order to 

deliver the final product. A Software Development Life Cycle is a layout of the framework for 

planning, controlling, in addition to the methodologies and agile software development models 

used in the development of the software program. Pair programming as an Extreme Programming 

practice ensures that every individual involved in a project works together as a team and strives 

to write simple code that saves time and effort. This aims to produce a final product of high quality 

by reducing the number of defects, development costs and in doing so accentuates customer 

satisfaction. 

Pair programming focuses on the principle of sharing expertise across the teams involved in a 

project which is essential in such a knowledge-based activity. As beneficial as this practice is, it 

can be detrimental to the development process of a project if it is implemented in the wrong 

environment. Overall pair programming is effective in the work environment because the 

developers are constantly brainstorming, and changing roles by reviewing their code which 

reduces the number of defects to a great extent.  

Pair programming has risen to popularity alongside Extreme Programming in both the IT industry 

and educational fields. Solving problems is a sought-after skill in the pursuit of being successful 

in learning. Typically, introductory programming classes for undergraduates require the students 

to individually complete assignments that are content-specific. In pair programming, one student 

assumes the role of the “driver” who is tasked with coding by means of using the keyboard and 

mouse. The other student assumes the role of the “navigator” and he/she is responsible for 

searching for possible solutions to a coding problem by observing and analysing the code written 

by the driver.  

In the academic environment, pair programming has been regarded as a promising learning 

technique. Several students in the past have confirmed it improves their comprehension of 

programming concepts. It is important to note that the collaborative aspect of pair programming 

exposes students to teamwork and it improves their communication skills that are required in the 

IT industry. It is crucial that the students are familiarised with the principles of pair programming 
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and that they correctly implement the guidelines in order to reap all the benefits that are 

associated with pair programming.  

A discussion of the findings arising from the empirical study follows. 

6.2.2 DISCUSSION OF THE FINDINGS OF THE EMPIRICAL STUDY 

The empirical study aimed to investigate the impact of pair programming on the experiences and 

perceptions of underrepresented groups in Information Technology in South Africa 

The participants in this research study were first-year BSc IT students (n=284) from different 

genders, ethnic groups, cultures, and socio-economic backgrounds. The students who identified 

as Black, Coloured, Indian and/or Asian were categorised as the minority and those who identified 

as White as the majority. In terms of ethnic origin, only 31% of the students identified themselves 

as minorities who in reality belong to the majority population of South Africa. Only 29.6% of the 

students were women which is to be expected from the typical gender profile of most IT classes 

which indicates that they are a minority within a minority. There is a digital divide amongst the 

participants as a whole with 33.1% of the students, being the minorities, who do not have access 

to the internet at home. Furthermore, 28.5% of the students are in the minority with regard to 

having prior knowledge of the subject in high school (see Section 4.3.3). 

The study found that the factors with the highest means (Facilitating Conditions, Effort 

Expectancy, Hedonic Motivation, Performance Expectancy, Social Influence, and Behavioural 

Intention) showed that the majority of students are aware of the benefits of pair programming and 

they are willing to make use of its principles in future courses and in the workplace (see Section 

5.2).  

Facilitating Conditions – The students agreed that they had the necessary knowledge and 

resources to adequately use pair programming. The students felt that pair programming 

is compatible with their preferred writing style. It is evident that the majority of the students 

know that they have the organisation and technical infrastructure to support the use of pair 

programming.  

Effort Expectancy - The students agreed that learning how to use pair programming was 

an easy task that required minimal effort. The students found the guidelines and principles 
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of pair programming to be clear and understandable and they could easily become skilful 

programmers.  

Hedonic Motivation - The students reported that pair programming is fun, enjoyable and 

entertaining. It can be assumed that most of the students do derive fun from using pair 

programming and this plays a major role in their acceptance of using this learning 

technique. 

Performance Expectancy - There is a mostly positive feeling with regards to the degree to 

which the students believe that using pair programming will aid in increasing their overall 

performance and marks. It is evident that students agree that pair programming is useful 

and that pair programming allows them to improve their marks. Pair programming helps 

them to complete their programming tasks rapidly and increases their productivity. 

Social Influence - The students felt somewhat indifferent about the beliefs of significant 

people in their lives and their fellow students who think that they should make use of pair 

programming. Not surprisingly, students agreed that their lecturer thinks that they should 

make use of pair programming.  

Behavioural Intention – The data suggested that the students intend to continue 

implementing and using pair programming and its principles in the completion of 

programming tasks even though some of them are not majoring in a Computer Science 

degree. 

In contrast, the factors with the lowest means (Habit and Pair Compatibility) showed that pair 

programming might not come naturally to all the students and the compatibility of pair 

programming partners might be an obstacle in the successful use of pair programming. 

Habit - Some of the students struggled to make it a habit of using pair programming to 

complete programming tasks. Learning to use pair programming has an impact on the 

degree to which the students tend to automatically use this learning technique. This 

habitual usage can strongly predict if they are willing to use pair programming in the future.  
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Pair Compatibility - Some of the students found using pair programming difficult due to 

skill incompatibility, absence and/or tardiness of their partner and also communication 

being a concern due to a language barrier.  

Preference of programming method - It is evident that the students have a positive opinion 

on pair programming and it appears that the majority of the students in this introductory 

programming course prefer pair programming over solo programming. 

Teamwork - It is evident that two minds are better than one. The majority of the students 

understand that pair programming does increase teamwork and engagement with the task 

at hand. 

The following advantages of pair programming emerged from the qualitative data: 

Fast and efficient - Working in a pair, forces the students to use their time wisely because 

they are forced to focus on the task at hand. This serves as an explanation for the skewed 

perception of time that they experience when they are programming in pairs, and they end 

up feeling that they worked for less time than they actually did in reality (see Section 5.3.1). 

Social skills and communication - To be a good programming partner, one must be a good 

listener, articulate properly, debate and discuss code. This constant communication is of 

paramount importance for success in academia, and in the industry (see Sections 3.3.4 

and 5.3.2). 

Helping and sharing knowledge - There is a transfer of knowledge that takes place 

between students during the pair programming process. The two students can answer 

each other’s questions and constant communication makes this knowledge transfer occur 

quickly which is widely acknowledged as a benefit by a range of studies in the industry 

(see Sections 3.5.3 and 5.3.3). 

Problem-solving and different perspectives/solutions- Many novice programmers have 

insufficient computational thinking, and programming knowledge, in addition to the 

expertise to solve a problem. It is clear that having a programming partner is quite 

beneficial in the sense that he/she can help his/her partner to solve a problem that is 
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troubling them by presenting a different perspective with regard to a solution (see Section 

3.3.1 and 5.3.4). 

Teamwork - It is clear from the responses relating to teamwork that most 

underrepresented students prefer teamwork by means of pair programming when it comes 

to learning programming languages (see Sections 5.3.5). 

Error detection/Ease of use - Pair programming is effective in the work environment, and 

the classroom setting, due to developers or students constantly reviewing their code in 

order to reduce the number of errors (see Sections 3.5.2 and 5.3.6). 

Confidence - The affirmation received from a partner builds courage which as a result 

gives their partner the necessary confidence to tackle a problem head-on with no fear 

compared to when programming solo (see Sections 3.5.6 and 5.3.7).  

Workload - It is crucial for the partners to follow the pair programming principles and 

guidelines in order to effectively divide the workload equally by frequently changing roles 

and remaining in constant communication with each other. Pair programming significantly 

reduces the amount of time spent grading each individual assignment (see Sections 3.5.8 

and 5.3.9).  

None - The respondent saw no disadvantage to pair programming, and most likely 

implemented and used pair programming correctly according to the set pair programming 

principles and guidelines (see Sections 3.3.5, 4.3.4 and 5.3.8). 

The following disadvantages of pair programming emerged from the qualitative data: 

Conflict - The use and implementation of pair programming can inadvertently lead to 

conflict between two people. Conflicts and/or disagreements always come as a surprise 

and cause upset to a person because you do not expect to get into a disagreement with 

a friend, colleague or someone with whom you do not share interests (see Sections 5.4.1). 

Time-consuming - Pair programming with a partner at a lower skill level consumes more 

time compared to programming alone. As a result, this timewasting can completely 

discourage a person from using pair programming (see Sections 3.6.4 and 5.4.2). 
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Incompatible personalities - Students who have a negative pair programming experience 

with a partner with whom they are incompatible can cause them to detest working in a pair 

(see Sections 3.6.3 and 5.4.3).  

Skill incompatibility - Students face challenges when they are programming in a pair and 

this can drastically slow down the programming process due to incompatible personalities 

and differing programming skill levels. They may also feel that pair programming is useless 

because they are unable to learn anything from the novice due to the large skill gap 

between them. The preference for experienced programmers to work alone or to do all 

the work by themselves is because of their perception that their partner is holding them 

back which causes frustration, guilt and mistrust (see Sections 3.6.2 and 5.4.4). 

Lack of knowledge and understanding - It is challenging for someone with a high 

programming skill level and vast experience to work with a person who is completely 

clueless about programming concepts and who is unprepared to solve a problem in order 

to complete a task. This lack of knowledge can be time-consuming with regard to the entire 

development process (see Sections 5.4.5).  

Absence/Tardiness - Tardiness in a partner results in a great disadvantage because one 

member of the team is then forced to work individually which defeats the whole purpose 

of pair programming and prohibits them from reaping the benefits of pair programming 

(see Sections 3.6.4 and 5.4.6).  

Communication/Language barrier - The inability of two people to communicate with each 

other can lead to conflict and deter both students from making use of pair programming in 

the future (see Sections 3.6.1 and 5.4.7).  

Anxiety - In the classroom setting, it can be challenging for someone who has social 

anxiety to work productively with a partner due to his/her crippling fear of being judged or 

watched by others which can really make the driver-navigator experience quite unpleasant 

(see Sections 5.4.8).  

The researcher found contradictory conclusions from the quantitative, as well as the qualitative 

strands. These contradicting findings were of great value to the analysis of these results in the 

sense that they enriched the understanding of the phenomena in question. 
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The students who participated in this study were all placed in categories, based on their gender, 

ethnicity, computer and Internet access and IT as a high school subject. 

With regard to differences based on gender, the female students were more inclined to make use 

of pair programming and make it a habit in contrast to the male students.  

The students of this study were given the liberty to choose their partner and more often than not 

shared the same ethnic origin which indicated that compatibility in terms of ethnic origin was not 

a major problem.  

By comparing the preferences of solo and pair programming, the researcher found that the 

students who had no access to a computer since Grade 1 felt somewhat neutral with regard to 

their programming preference. Correspondingly, the students who did have access to a computer 

also felt rather neutral with regard to their programming preference. 

When comparing the Facilitating Conditions between students who had access to the Internet 

and those who did not have access to the internet. The researcher found that the students with 

no access to the Internet believe to a great extent that they have the technical infrastructure at 

their disposal to support the use of pair programming in an introductory programming course.  

The researcher compared and found a significant difference between the students who had IT as 

a subject in high school and those who did not have IT as a high school subject with regard to 

their programming preferences. A positive stance emerged from the Non-IT students and it 

possibly had a direct effect on Behavioural Intention. It was also interesting to see that this same 

group of students believed to a high degree that using pair programming helped them to better 

their academic performances and as a result enhanced the quality of their work. This indicated 

that the students who did not have IT as a high school subject preferred pair programming over 

solo programming due to the benefits of pair programming. 

The results from the ANOVA analysis showed that in general, White Males do indeed have a 

strong preference for solo programming over pair programming. When taking into account all the 

aforementioned findings, the entire group of programming students had a positive opinion on pair 

programming which meant that the White Males lowered the mean which, as a result, indicates 

that the ethnic minorities and females feel even more positive about pair programming. This 

significant finding therefore answered the research question and substantiated the great impact 
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that pair programming has on the underrepresented students’ experiences and perceptions of 

Information Technology in South Africa. Pair programming may consequently attract and increase 

the retention rate of underrepresented groups in IT and encourage them to further pursue IT 

careers in South Africa.  

6.3 STUDY CONTRIBUTIONS 

In this study, the gap that exists in the literature with regard to minorities and software 

development, especially in South Africa was identified. The study made a contribution to the 

literature by proposing pair programming as a different approach to the learning experience of 

programming that may encourage underrepresented groups to participate in IT-related degrees 

and pursue ICT careers. The valuable information acquired from this study’s results has indeed 

helped in gaining a better understanding of the underrepresented groups’ perceptions of IT in 

South Africa. With this newly found insight, it is possible to develop strategies to confront the 

dominant stereotype that ICT career paths are only for white males.  

Representation is important in the sense that it can change the underrepresented groups’ entire 

perception of IT courses by seeing people that look like them pursuing careers in STEM. The 

positive influence may change their attitudes towards STEM which hopefully will provide them 

with the necessary confidence and motivation to enrol and complete their studies in Information 

Technology. 

6.4 STUDY LIMITATIONS 

This study used the mixed-methods approach and a set of open-ended questions in the 

questionnaire. Some of the students in this study did not provide sufficient information with 

regards to the open-ended set of questions. Perhaps in the future in addition to the use of the 

mixed-methods approach the researcher could gather more detailed information by means of 

interviews. This would greatly benefit future research in order to gain a better understanding of 

the perceptions of underrepresented groups in IT in South Africa. The generalisation of the 

findings from this study is limited in the sense that it focused and gathered information only from 

one campus of a university in South Africa. 
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6.5 CONCLUSION AND RECOMMENDATIONS 

It can be concluded that overall, the majority of the students had a positive experience with pair 

programming in the introductory programming course, based on the findings from the empirical 

study. In accordance with the results of the seminal studies, pair programming was found to be 

beneficial for students who are learning how to program. Consequently, pair programming has 

the potential to attract and increase the retention rate of underrepresented groups in IT. The 

experience of learning coding by means of pair programming also changed the underrepresented 

groups’ perception of IT and it also opened their eyes to the importance and need for IT specialists 

of colour in South Africa. In addition, it also provided them with potential career paths in the ICT 

industry.  

Pair programming improves the quality of the code produced by the students in terms of 

functionality and readability. The immediate help and support afforded to them allows the students 

to solve problems quickly and easily. This form of collaborative learning significantly increased 

their confidence and motivation which subsequently increased their retention rate, as well as their 

enjoyment of learning to program. The mutual responsibility shared between the students instils 

an enhanced work ethic which can be fundamental when working in the software development 

industry in the future.  

Both quantitative and qualitative yielded results that provided a better understanding of the impact 

of pair programming on the students’ experiences. Based on the qualitative findings of the study, 

the underrepresented students provided several reasons for suggesting that pair programming is 

favourable for female and ethnic minority students. In an educational context, when implemented 

correctly, not only does pair programming benefit learners, but educators as well in the sense that 

their time spent grading assignments is halved and it reduces the number of teaching cases that 

they need to deal with during a lecture.  

With regard to closing the digital divide, it is clear that the relationship between underrepresented 

groups and technology is impacted by access and affordability. From the literature, it is evident 

that the availability of technology does not ensure that minorities have access to it nor does it 

guarantee an increase in the use of technology. It is of the utmost importance that the digital 

divide is closed because it can have a negative impact on education and future employment. In 

the long run, this can harm the country’s economy. The majority of South Africa’s population who 
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are currently the minorities in the ICT sector will become the majority of the ICT workforce in the 

future. However, if the digital divide is not narrowed soon, and they remain at the short end of the 

digital divide, the nation risks losing the largest ICT market in all of Africa. It is absolutely crucial 

for this nation’s economic health that we reap the potential benefits associated with the ICT sector 

in the midst of the forthcoming Fourth Industrial Revolution. 

6.5.1 RECOMMENDATIONS ARISING FROM THIS STUDY 

It is evident from the problem statement of this study that in South Africa there is an increased 

demand for ICT specialists, especially for ICT professionals of colour. This study aimed to 

investigate the impact of pair programming on the experiences and perceptions of 

underrepresented groups in Information Technology in South Africa. The ICT skills shortage in 

South Africa is indeed of national concern in the sense that the majority of the population is in fact 

the minority when it comes to the make-up of the IT workforce in the country. Prior studies on 

South African ICT graduate skills requirements have provided figures relating to this great lack of 

basic IT skills, and the difficulty of IT companies in South Africa to find adequate candidates of 

colour during the recruitment process. This need for qualified Black graduates in South Africa is 

furthermore affected by the limited number of enrolments in IT courses at a tertiary level.  

This is quite alarming because with the imminent Fourth Industrial Revolution, South Africa’s ICT 

sector, as the continent’s largest ICT market, will be a crucial contributor to the nation’s Gross 

Domestic Product. With the rise of the Fourth Industrial Revolution, there has been a great need 

for individuals who are able to solve problems by using logic, critical thinking and teamwork. The 

South African Department of Education aims to solve this issue by giving South Africa’s future IT 

specialists the opportunity to fulfil their potential. The Department of Education intends to 

introduce coding and robotics in its curricula in order to prepare for the Fourth Industrial 

Revolution. Pair programming has been known to be a beneficial code-learning technique in any 

setting, whether it be in the classroom at a primary or secondary level or at a tertiary level.  

The influence of pair programming may address the underlying factors that impact the 

participation of underrepresented groups in IT-related fields. This study investigated the impact 

of pair programming on the experiences, and perceptions of these underrepresented groups in 

ICT in South Africa. 
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This study provides beneficial insight into the dominant determinants of the students’ intensions 

to use pair programming. The results from this study can aid educators in introducing pair 

programming as a learning technique in their classrooms and coding workshops. Institutions at a 

tertiary level can use these results to address the skills shortage by incorporating pair 

programming in their curricula. 

In order to reap the full benefits of pair programming, it is recommended that government 

promotes the importance of coding and robotics by including these subjects in curricula, as well 

as spreading awareness that Computer Science is a crucial part of the Fourth Industrial 

Revolution. For this reason, coding initiatives should be supported across the country. It is 

recommended that from an educational perspective, awareness is promoted at secondary and 

tertiary levels regarding the career opportunities in IT in South Africa. Companies in the ICT sector 

should be encouraged to form stronger relationships with tertiary institutions in order to improve 

the recruitment process and by doing so, to address the IT skills shortage in the country by 

employing qualified candidates of colour.  

6.5.2 RECOMMENDATIONS FOR FURTHER RESEARCH 

The researcher recommends that a similar study should be conducted with a much larger number 

of students. For the purpose of generalisation, a quantitative study on a sample of students of 

colour, using the same research questions can be very helpful. A similar comparative study could 

be carried out with a control group of black students who have and have not used pair 

programming in order to understand their experiences, as well as perceptions of computer 

programming. The development of a model to promote the importance of coding and robotics in 

less fortunate communities in South Africa could also be undertaken.  

The research reported in this study will hopefully make a difference to the number of people of 

colour and women who enrol in Computer Science courses and increase their retention rate and 

also motivate them to pursue careers in ICT. Hopefully this will encourage the use of pair 

programming as a learning technique in order to benefit everyone and South Africa as well. 
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