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Abstract  

Gender balance in computing education is a decades-old issue that has been the focus of much previous research. 

In K-12, the introduction of mandatory computing education goes some way to giving all learners the opportunity 

to engage with computing throughout school, but a gender imbalance still persists when computer science 

becomes an elective subject. The study described in this paper investigates whether introducing pair programming 

would make a difference to primary-aged girls’ attitudes to computing and intent to study the subject in the future. 

A randomised controlled trial (RCT) was designed and implemented around a 12-week intervention with 785 

female pupils between the ages of 8 and 10 years, alongside a qualitative evaluation investigating teachers’ and 

pupils' experience of the interventions and the development of materials and teacher preparation resources.  The 

results of the RCT showed no statistically significant changes in student attitudes towards computing or intent to 

study further, although the qualitative data indicated that both teachers and pupils found the interventions engaging 

and enjoyable. Themes emerging from the qualitative data point to the importance of collaboration in supporting 

a development in pupil confidence. Overall, these results emphasise the societal and systemic barriers around 

computer science and technology engagement across genders that persist despite many initiatives being 

implemented over many years.  
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1. Introduction 

There is a decades-old problem with gender imbalance in computing education, at all levels of schooling and 

university, with an equally long history of research into the reasons why this is the case (Butler, 2000). Global 

statistics show that gender imbalances persist into the technology workforce, particularly in digital transformation 

roles such as data and cloud computing (Global Education Monitoring Report Team, 2024). Some evidence has 

shown that the gender stereotypes around computing affecting choices on further study develop early (Eccles, 

2015), while there is less research available on specific approaches that can be used to address these stereotypes. 

Universal access to inclusive quality education offers a route to eliminating gender and wealth disparities (United 

Nations Development Programme (UNDP), n.d.) so in theory, mandatory computing education at primary and 

lower secondary phases of education provides a leveller to gender balance.   

In school, girls do well in computing. An analysis of recent examination results in England demonstrates that girls 

are more likely to achieve higher grades than boys in formal computer science (CS) education (Kemp et al., 2019). 

However, girls may be less likely to be encouraged to continue with computing education or to take it in the first 

place (Cheryan et al., 2009) and amongst students who have chosen to study GCSE Computer Science, girls are 

less likely to aspire to be a computer scientist compared with boys (Hamer et al., 2023). Other studies have 

identified gender differences between learners in their attitudes towards computing. Male students are generally 

more confident using computers (Beyer et al., 2003) because they have more access and exposure to computers 
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at home (Varma, 2009) and these gender disparities affect students’ achievement in computing from as young as 

ten years old (Tsan et al., 2016). 

This paper discusses the design, implementation, and evaluation of an intervention designed to investigate whether 

using pair programming – as part of primary computing education – could reduce barriers to female pupils' uptake 

of computing. The context for these studies is England, which has mandatory computing in Grades K-8 (primary 

and lower secondary education) with elective qualifications in CS offered for pupils at Grades 9-12 (upper 

secondary). Mandatory computing education ensures that computing is offered to all children but when it becomes 

elective and young people choose a reduced number of subjects, educational statistics from 2022 report that only 

21% of pupils taking CS at age 15/16 were female, and 15% at age 17/18.  Therefore, this study was motivated 

by the need to maintain girls’ interest during the mandatory stage of education. 

2. Related work 

2.1 Gender balance in computing 

Work to research gender balance in computing is by no means new. A review conducted of gender balance 

research in computing from the 1980s and 1990s suggested that boys may have access to more role models in 

computing, may receive more encouragement to pursue the subject, and that software may be developed with a 

bias towards interests traditionally considered to be male (Butler, 2000). Given that this review dates from over 

two decades ago, gender balance in computing is an issue we've been trying to address for many years.  

Initial studies framed the low number of female students as a puzzling phenomenon and used an abductive 

approach to create a metaphor to describe the imbalance. An example of this is the “shrinking pipeline” metaphor 

which illustrates the decreasing number of girls studying computing at each stage of education (Camp, 1997). 

Research that references this viewpoint aims to increase the likelihood of girls remaining engaged with computing 

(Porter et al., 2013), although it does not address the issue that there are too few girls entering the pipeline at the 

outset.  A separate metaphor suggests that improving girls’ participation in computing is like “unlocking the 

clubhouse” to create more inclusive spaces (Fisher & Margolis, 2002). Through their research and work at 

Carnegie Mellon University, Margolis and Fisher increased the proportion of female computing students from 7% 

in 1995 to 42% in 2000 through a multi-faceted set of interventions that included contextualising learning and 

broadening computer science stereotypes. However, the clubhouse metaphor is not widely understood outside of 

the context of the USA, which limits the generalisability of the findings.  

2.2 Pair programming 

Pair programming has been recognised as an important collaborative approach in industry and education for the 

past two decades (Hanks et al., 2011). The approach has been used in both agile software development and 

education to improve code quality (McDowell et al., 2006). Similar findings in K-12 (primary and secondary) 

environments demonstrated that pair programming generally increased pupil attitudes and confidence toward 

computing (Denner et al., 2014). Pair programming activities in school have a defined structure in which two 

pupils work together at a single computer to jointly create a computer program (Werner & Denning, 2009). One 

pupil takes on the role of ‘driver’, has control of the keyboard and mouse, and writes the code (Denner et al., 

2014).  The second pupil is the ‘navigator’, who reads out any instructions, monitors the code for errors, and points 

these out to the ‘driver’ (McDowell et al., 2006). Pupils regularly swap roles after a designated period of time, so 

that they both perform both roles equally. The teacher’s role includes training the pupils in successful pair 

interactions and ensuring that pairs rotate regularly and fairly. The success of pair interactions is actively managed 

by the teacher as well as being evaluated by the pairs themselves (Williams et al., 2008). 

Research that builds initial studies into pair programming is largely concerned with either improving the process 

of pair programming, or the analysing the behaviours that pupils exhibit when collaborating. Studies that explore 

the process of pair programming seek to better understand instructional strategies that can be used. For example, 

students in 4th and 5th grades were found to prefer two-computer pair programming because they felt more 

independent (Tsan et al., 2020) and a study with 6th grade students found that semi-free switching between roles 

in pairs led to increased achievement in a post-test of computing concepts (Zhong et al., 2017). However, the 

focus on student outcomes in these studies means that the role of the teacher in setting up effective pair 

programming activities has not yet been fully explored. Although the pair programming approach is a specific 

pedagogy employed in computing, primary (K-5) teachers use paired work in other subjects too and less is known 
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about how teachers can use their pedagogical content knowledge (PCK) (Carlson et al., 2019) to assign effective 

pairings.   

Recent work suggests that both teachers and students perceive pair programming as an equitable method for 

learning to write programs (Graßl & Foster, 2024), although when pair programming interactions have been 

investigated, some disparities emerge. Four different types of behaviour have been observed between pairs in an 

after-school setting with pupils aged 11 - 14: game interaction, when the pair discussed designing or programming 

the game; non-game interaction, when the pair discussed or reacted to non-task activities; third person present, 

when the pair interacted with a teacher or peer; and no interaction, when the pair did not interact (Campe et al., 

2020). The most common interaction was about the game, although this made up less than half of all the 

interactions. Pair programming has also been found to lead to inequitable relationships between 11 - 12-year-old 

students if pairs decide to focus on completing programming tasks quickly (Lewis & Shah, 2015). These variations 

in pair interactions suggests that pair programming requires careful training of teachers to ensure that all elements 

of the pedagogy are understood and applied, without bias.   

2.3 Pair programming and gender 

An emerging body of evidence suggests that collaborative teaching approaches can engage more girls with 

computing (Tsan et al., 2016). This is of particular interest when learning to write computer programs, which can 

be seen as the most difficult aspect of the computing curriculum for learners (Kallia & Sentance, 2018). 

Introducing a shared, group approach requires a shift from traditional computing pedagogy. Learning to code 

changes from a series of tasks undertaken by individuals, to a sociocultural experience in which pupils work 

together to create and share digital content (Kafai & Burke, 2013). Talk and discussion promote a social 

construction of knowledge; according to sociocultural theory, a child's development involves social interaction, 

dialogue, and mediated activity between learners and with their teachers (Vygotsky, 1978). Gender differences 

have been observed where girls are more likely than boys to be motivated by social dimensions of learning 

(Korpershoek et al., 2021) and to express a preference for working toward social goals (Hijzen et al., 2006). 

Research focusing on girls' engagement has shown that pair programming particularly impacted K-12 girls' 

enjoyment (Liebenberg et al., 2012) and interest (Werner et al., 2004) in programming. This suggests that pair 

programming has the potential to be used as an inclusive pedagogy to benefit girls’ perceptions of computing, 

whilst also supporting all learners. Female undergraduate students also report positive outcomes from using a pair 

programming approach on their confidence levels, although the literature attributes this to two different 

mechanisms: either through social engagement and peer learning (Ying et al., 2019) or through girls observing a 

similarity in knowledge with peers (Yates & Plagnol, 2022).  Less is known, however, about K-5 teachers’ and 

pupils’ perspectives on the mechanisms that cause these outcomes.   

The research described above indicates that pair programming may be an effective way to improve the motivation 

of girls to continue to study computing at school. However, many of these studies are small in scale. In this study, 

the first intention was to consider the impact of pair programming in a larger-scale study using a rigorous 

quantitative method, and then to explore a smaller group of teachers’ and pupils’ views about which aspects of 

pair programming are most beneficial for girls to contribute towards better understanding the mechanisms that 

increase girls’ confidence through pair programming activities.  

The study described in this paper has the following research questions: 

RQ1: How does introducing pair programming in Grades 3-5 impact on girls’ attitudes towards computing? 

RQ2: What are the experiences of teachers and pupils in computing lessons when using a pair programming 

approach?  

RQ3: In what ways do teachers and female pupils think that pair programming activities increase girls’ confidence 

in computing?  

3. The Study 

To address the research questions, a cross-organisational research group designed a mixed-methods study to 

explore the effect of teaching computing using pair programming on primary school pupils' attitudes toward 

computing. The study had three components: 
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● A small-scale preliminary study, akin to a pilot, to trial ways of introducing teachers to pair programming 

and evaluate the impact on a small scale.  

● A large-scale main study, designed as a randomised controlled trial (RCT).  

● A qualitative evaluation of the implementation fidelity and experience of the intervention with a small 

sample of schools. 

The study was externally funded and formed part of a larger programme of separately delivered interventions. 

The three parts of the study were conducted by a multi-organisation research team, of which the authors are a part, 

between 2019 and 2022. The authors are part of the organisation that conducted the preliminary study, recruited 

schools, designed the intervention and provided support to participating schools for the large-scale main study. 

Data were collected and analysed by a second organisation. The two organisations worked closely together, and 

the authors recruited and liaised with participants throughout the duration of the study; in this way, all partners 

were familiar with and consulted about the processes used for data collection and analysis. In this paper, we have 

drawn on interpretations made by the second organisation, and added our own where appropriate, to situate the 

findings within the pair programming literature.  

3.1 Preliminary study  

A preliminary study, prior to the RCT, was conducted in 2019 with eleven primary schools to identify teachers’ 

perspectives and experiences of using pair programming and incorporate these into the training materials for the 

main study (Leonard et al., 2021).  One or two teachers from each school attended a one-day, in-person training 

day. The training was designed and delivered by members of the wider research team who had previous experience 

teaching in primary and secondary schools, introducing teachers to the pair programming methodology chosen 

for this study. Teachers then worked in pairs and practised the approach with a sample activity using the visual 

programming language Scratch1. Scratch was chosen because it is commonly used in primary schools in England.  

With some attrition, the final sample included 10 primary schools, comprising 2 independent and 8 state-funded 

institutions, all of which were mixed-sex. Among them, 9 schools were situated in urban locations. These schools 

taught their usual programming lessons using the pair programming approach to 356 Year 6 pupils (171 female 

and 185 male) between January and March 2020.  

The research design included an interview with participating teachers in March 2020 once they had used the pair 

programming approach for a minimum of six weeks in lessons. However, due to the onset of the Covid-19 

pandemic, a period of emergency school closures meant that only one teacher was interviewed. 

3.2 Main study: randomised controlled trial 

A randomised controlled trial (RCT) is a rigorous tool to examine causal relationships between an intervention 

and outcome. The act of randomisation balances participant characteristics (both observed and unobserved) 

between the groups, allowing attribution of any differences in outcome to the study intervention (Hariton & 

Locascio, 2018). In this case, the RCT was designed to evaluate the impact of a 12-week intervention in school. 

It was funded by England’s ministry of education, positioned as one pilot study amongst other studies to establish 

whether there was any evidence for a single intervention that might reduce gender imbalance in computing. The 

intervention is described in Section 4.1, and was developed by the authors and other colleagues, with the RCT 

itself being designed and implemented by another organisation within the broader team. The outcome measures 

for the RCT were: a) pupil scores on the Student Computer Science Attitudes Survey (SCSAS) (Haynie & 

Packman, 2017) which captures pupils' attitudes towards computing and b) pupils' response to a single item survey 

measure of whether the pupil plans to continue study computing. 

 

1 https://scratch.mit.edu/ 

 

https://scratch.mit.edu/
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3.3 Qualitative evaluation study 

The qualitative study was, in essence, a process evaluation (Humphrey et al., 2016), which was conducted with a 

small number of schools to check for implementation fidelity and schools’ experience of the intervention. It 

examined the mechanisms of change and the diversity of implementation and intervention delivery.  A case study 

approach (Merriam, 1998) was used which aimed to capture the range and diversity of participant experiences. 

Individual, in-depth semi-structured interviews lasting between 30 – 45 minutes were conducted with one teacher 

from each of the case study schools (see Table 1), to explore their experiences of the intervention and any factors 

that influenced their ability to implement the intervention with their pupils. Group discussions were conducted 

with pupil focus groups at two case study schools, each lasting about 20 minutes. Pupils ranked different skills by 

importance for computing, discussed whether statements about computing (e.g., "boys and girls are equally likely 

to have computing as their favourite subject") were true or false, and completed sentence starters related to pair 

programming and computing lessons more generally. Additionally, lesson observations were conducted in the 

same two schools just before the focus groups took place, so that the pair programming lessons could be referenced 

in the discussions.  

3.4 Participants 

To assist recruitment to the RCT, a third-party paid-for marketing campaign was used to maximise representative 

coverage across schools in England. All primary schools in England were eligible, as long as they had female 

pupils from either Year 4 (aged 8 - 9 years old) or Year 6 (aged 10 - 11 years old). All schools that entered the 

sample did so voluntarily. 

The 116 participating schools were randomly divided into a control group of 58 schools, who taught computing 

to a `business as usual' model, and a treatment group of 58 schools, who delivered an intervention. Researchers 

conducting the evaluation used school reference numbers as unique identifiers to assign schools randomly to either 

group. Following randomisation, balance checks on other school-level variables were carried out using the 

school’s performance status and a standard proxy for measuring socioeconomic status. Pupils were blind to 

allocation during the programme and during outcome data collection. Teachers were not blind to allocation; they 

were responsible for delivering the materials, and were aware that there was both a control and a treatment group 

and of which group their school was in. Data was collected for both boys and girls, but only data from girls was 

analysed for primary and secondary analyses in the main study.  

Ethical processes were adhered to for all three parts of the study. Schools shared information sheets and 

withdrawal forms with all parents of pupils in participating classes. These letters explained the purpose of the 

research and what taking part would involve for parent (where relevant) and their child. Parents were invited to 

withdraw their child from the RCT if they did not want them to take part. Pupils whose parents had withdrawn 

them from the RCT were still able to engage in the computing activities themselves, but did not take part in any 

of the evaluation activities and no data on these pupils was collected. All participants in the interviews and focus 

groups were informed that their participation was entirely voluntary and that they could withdraw at any point. 

For the qualitative evaluation, the authors recruited four state-funded schools from the treatment group using 

sampling criteria including geographical location and a proxy indicator of pupil socioeconomic status to ensure a 

mix. Quality assurance mechanisms indicated schools had good or excellent provision. Participant details are 

shown in Table 1.  

Table 1. Sample of Schools, Teachers and Pupils Participating in the Qualitative Study 

School Teacher Pupils 

S01 Computing specialist teacher 

More than 10 years’ teaching experience 

Male 

6 year 4 pupils (8 - 9 years old) 

4 female (range of confidence in computing) 

2 male (range of confidence in computing) 

S02 Computing specialist teacher 

More than 10 years’ teaching experience 

Female 

5 year 4 pupils (8 - 9 years old) 

3 female (range of confidence in computing) 

2 male (range of confidence in computing) 
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S03 Classroom teacher with curriculum 

responsibilities for computing 

Fewer than 10 years’ teaching experience 

Female 

None 

S04 Classroom teacher with curriculum 

responsibilities for computing 

Fewer than 10 years’ teaching experience 

Male 

None 

3.5 Data analysis 

As described above, the RCT used the SCSAS survey tool, which is a validated survey tool designed to measure 

pupil attitudes towards computing (Haynie & Packman, 2017). It has a high level of within-construct consistency 

with the alpha value of the five sub scales ranging from 0.85 to 0.93. The language of the SCSAS questions was 

adapted to a) ensure the questions used language that pupils in schools in England would be familiar with and b) 

ensure that pupils at primary levels would be able to independently understand what the questions were asking 

them (e.g. by replacing the word ‘peers’ with ‘friends’).  

Data cleaning of survey data ensured any data points deemed potentially unreliable were removed; for example, 

all data was deleted for pupils who had answered in a straight pattern (e.g. a survey with the answer ‘Strongly 

disagree’ for every question of the SCSAS). The final data set consisted of (1) data from female pupils who had 

completed the endline survey matched to their baseline data and (2) data from female pupils who had completed 

only the endline survey, using a multistep matching process to match as many baseline and endline surveys as 

possible (Kelly et al., 2022). 

The model analysing the SCSAS scores used a linear OLS (Ordinary Least Squares) regression, with the model 

which had as outcomes the intention to study computing using logistic regression. All analyses were conducted 

on an Intention to Treat (ITT) basis, meaning that outcomes were analysed on the basis of the groups that teachers 

and pupils were randomly allocated to, regardless of their compliance with the intervention. All models included 

the following covariates: baseline SCSAS score, school performance rating, and a proxy value for socioeconomic 

status. Their inclusion increases the precision of the impact estimates. All planned covariates were checked for 

missing data pre-analysis. Given that the endline data would likely include some pupils who were not included in 

the baseline dataset, pre-trial decision rules were specified for dealing with missing data as baseline scores on the 

SCSAS were to be used as a covariate in the analysis. More details on the data analysis are available in a technical 

report (Kelly et al., 2022). 

For the qualitative data analysis, the data were transcribed where necessary and analysed using the Framework 

Approach (Ritchie et al., 2003). This involved summarising transcripts and notes into a matrix organised by 

themes and sub-themes (columns) as well as by individual cases (rows). This is particularly useful when multiple 

researchers are working on data (Gale et al., 2013). Lesson observation data was used to triangulate themes arising 

from interview data that related to pupil engagement. The second organisation conducted case and theme analyses 

with a focus on providing rich descriptions of participating experiences, whilst looking for explanations and 

linkages within and across participant groups, and these were then synthesised against the literature by the paper 

authors.  

3.6 Reliability and Validity 

Efforts were made to ensure the RCT was sufficiently powered to detect an effect size reliably. For each of the 

trials, power calculations were conducted based on informed assumptions about: the number of girls per-school 

per-year and the proportion of girls studying CS as an elective (source: Ministry of Education in England); the 

intraclass correlation coefficient (ICC) (source: comparable clustered RCTs previously carried out by the team 

conducting the RCT evaluations); the explanatory power of the variables included in the model at baseline (source: 

baseline data). The target number of schools to recruit included with a 40% attrition buffer to detect an estimated 

minimum detectable effect size of .05 along the 1-4 SCSAS scale, and a 10 percentage point increase in intention 

to study computing. However, due to higher than expected levels of attrition amongst the control group schools, 

the final analytical sample was not sufficient to detect an effect at the originally targeted effect size.  
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The Framework Approach (Ritchie et al., 2003) used for the qualitative data analysis ensures reliability through 

collaborative consensus, rather than using inter-rater reliability (Gale et al., 2013). Team discussions, transparent 

documentation and reflexivity were used to iteratively refine and agree codes, which allows for a nuanced 

understanding of the data while maintaining rigor. 

All schools that entered the samples for both the main study and the qualitative research did so voluntarily, which 

has implications for the external validity of the findings. Schools that volunteer to participate in research are likely 

to be more enthusiastic about the intervention than an average school, and this may interact with the treatment 

effect to compound any effects.  

4. The pair programming intervention  

4.1 Intervention design 

For the RCT intervention, a full set of teaching materials, including lesson plans, slide decks, example Scratch 

projects and seating plan templates were written by learning experience designers who had previously taught 

computing in schools. A panel of current primary educators reviewed the teaching materials for age-

appropriateness and accuracy, and following this review some minor revisions were made.  

The materials comprised twelve 1-hour lessons, which were divided into two units of work, each containing six 

lessons. Unit 1 started with an introductory lesson where pupils learned about pair programming, practised 

working in pairs, and were introduced to the pair programming map. This was followed by five lessons focussing 

on the creation of drawings in Scratch. In Unit 2, pupils took part in six lessons learning how to create simple 

animations in Scratch. In every lesson, there was a check-in for pupils to reflect on the effectiveness of their paired 

working. After each check-in, each pair of pupils were prompted to build up a set of rules for successful pair 

programming work.  An overview of the two units is shown in Tables 2 and 3. 

Table 2. Drawing Shapes (Unit 1) 

No Lesson Learning objective Example activity 

1 Introduction to 

pair programming 

To explain how working in pairs 

can help you learn to program 

Pupils work in their allocated pairs to create a 

name for their pair and identify some ways that 

they plan to work together successfully. 

2 Shapes To explain how basic shapes can 

be drawn using a series of 

movements in a computer 

program 

Pupils work in pairs to predict what shape a 

Scratch program will make and then modify it to 

create their own shape. 

3 Pen marks To explain how an input triggers 

an output 

Pupils work in pairs to use an Event block and 

the Pen blocks to draw a shape. Pairs also think 

how they helped each other and how they might 

help each other more in the next task. 

4 Repeat To explain how to create shapes 

and patterns through repetition 

using the ‘repeat’ Control block 

Pupils work in pairs to use the Repeat block to 

draw a square. 

5 Tidy up time To explain how to organise a 

program using subroutines from 

My Blocks 

 

Pupils work in pairs to create a procedure to draw 

a shape using the My Blocks feature. They also 

discuss how both partners can contribute equally 

to the programming tasks. 

6 Geometric line art To explain how to create patterns 

through repetition using the 

‘repeat’ Control block 

Pupils work in pairs to use the skills they have 

learned in this unit to create geometric art shapes. 
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4.2 Implementation of intervention 

The pair programming approach used in the main study was ‘driver-navigator’ (Zhong et al., 2017) with two 

pupils sharing a computer. Teachers were asked to make sure pupils switched roles every five minutes and guided 

to use a digital timer to ensure this was done accurately.  

Pairs were decided on in advance by the teacher, using guidance such as pairing pupils of similar skill levels or 

pupils who had similar attitudes towards classwork. Teachers were advised to avoid swapping pairs and instead 

to plan bespoke activities to improve pair work if they noticed that pairs were working ineffectively. 

Table 3. Programming Animation (Unit 2) 

No Lesson Learning objective Example activity 

7 Two sprites To explain how to create animation 

using two or more sprites and the 

‘move’ and ‘turn’ Motion blocks 

Pupils work in pairs to create a Scratch 

program that animates two sprites to 

dance together. 

8 Park life Pupils create simple interactive 

animations and explore selection 

using the ‘if () then’ Control block 

Pupils investigate a pre-made Scratch 

program which uses selection to 

determine which animation effect is run. 

9 Sea life To explain how to create animations 

using the ‘if () then, else’ Control 

block 

Pupils work in pairs to animate an 

underwater scene. They also discuss the 

‘Navigator’ role and identify ways that 

they can improve giving instructions. 

10 Artist’s life To explain how to create a detailed 

graphic animation using costumes 

Pupils draw inspiration from real-life 

‘flip books’ to add costumes to their 

animations. They also generate a list of 

six reasons to use pair programming. 

11 Give life to To explain how to prepare to create 

an animation using sequence in a 

storyboard 

Pupils use a pre-made storyboard 

template to plan an animation of their 

choice. They also review another pair’s 

map of pair programming rules. 

12 Let’s create To explain how an interactive 

animation incorporates the three 

programming constructs — sequence, 

repetition, and selection 

Pupils celebrate their successes in pair 

programming. They also program a 

Scratch animation based on their 

storyboard from lesson 11. 

Each pair was given a printed document called ‘Map to successful pair programming’ to complete during the 

twelve lessons (see Figure 1 for an example). Rules were set out for the ‘driver’ role, the ‘navigator’ role and for 

the pair overall.  
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Figure 1. An example of a completed steering wheel with guidance for successful pair programming work 

4.3 Teacher preparation 

The planned face-to-face training for teachers participating in the RCT was moved to an online format due to 

Covid-19 restrictions affecting travel and the mixing of households. All teaching staff from schools in the 

treatment group were required to take a mandatory, 2-hour online training course, and schools could claim back 

any incurred costs. Professional development and reimbursement were available to all teachers and teaching 

assistants involved in teaching the lessons to ensure consistent use of the pair programming approach.  

The training course was divided into two parts. In part 1, the study was introduced alongside existing research 

into the effectiveness of the pair programming approach. In part 2, teachers were introduced to the units of work 

and prompted to explore the teaching materials. A range of resources were used, including a video of pair 

programming in the primary classroom from the preliminary study. Teachers were then given clear instructions 

on how to administer the evaluation surveys at the beginning and the end of the 12 week unit.  

5. Results 

In this section, the findings from the intervention are shared. The first research question sought to explore how 

girls’ attitudes to computing were impacted by introducing pair programming, and is answered by the RCT results 

presented in section 5.1. We address research question two about teacher and pupil experiences in computing 

lessons using a pair programming approach through qualitative findings presented in section 5.2. Finally, in 

section 5.3 we present data relating to our third research question about teachers’ and pupils’ perspectives 

concerning the impact of pair programming activities on girls’ confidence.  

5.1 RCT results 

From the 116 schools, the analysis of the RCT used 990 responses of pupil data of attitudes towards computing, 

and 994 responses of pupil data of intent to study computing.  These are reported separately in section 5.1.1. and 

section 5.1.2  

5.1.1 Effect on attitudes towards computing 

Results from the SCSAS survey comparing data from pupils in the control and treatment groups are shown in 

Table 4. A pre-specified multiple imputation model to account for missing baseline or endline data (Kelly et al., 

2022) found a difference of 0.046 points (p=0.331) on a 1-4 scale for the intervention, which was not statistically 

significant at conventional significance levels. While the difference was positive, it was small in magnitude 
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relative to the 1-4 scale and might not represent a meaningful shift in girls' attitudes even if it were significant. A 

standard error of 0.047 was calculated which indicates a high precision in the sample mean estimate and suggests 

that the data closely approximates normality. 

Therefore, the intervention's impact on girls' attitudes toward computing, as measured by the SCSAS, was not 

statistically significant compared to the control group. 

Table 4. Study Results for Girls’ Attitudes Towards Computing 

Measure Control group mean Treatment group mean ETE (SE) p 

SCSAS score 2.80 2.92 0.046 (0.047) 0.331 

Note. N = 990. SCSAS = Student computer science attitude survey. ETE = estimated treatment effect. SE = 

standard error.  

5.1.2 Effect on stated intention to study computing in the future 

Results for the stated intention to study computing in the future are shown in Table 5. The pre-specified multiple 

imputation model to account for missing baseline or endline data (Kelly et al., 2022) found a 4.3 percentage points 

(p=0.453) difference in favour of the intervention compared to the control group, which, although positive, is not 

statistically significant by conventional standards, and cannot be confidently attributed to the intervention rather 

than random chance. Therefore, the RCT revealed no conclusive evidence that the intervention positively affected 

girls' intentions to pursue computing studies in the future, as compared to the control group.  

Table 5. Study Results for Girls’ Self-Reported Intent to Study Computing in the Future 

Measure Control group mean Treatment group mean ETE  p 

Positive self-reported intent to 

study computing in the future 

45% 49.8% 4.3pp 0.453 

Note. N = 994. SCSAS = Student computer science attitude survey. ETE = estimated treatment effect.  

5.2 Themes from qualitative evaluation study 

For the qualitative evaluation, the framework analysis generated four overarching themes relating to the 

implementation of the intervention, encompassing: fidelity of the paired work, feasibility of the paired work, 

teacher and pupil experiences of paired working, and mechanisms activated by the intervention. 

Fidelity of paired work: Schools in the treatment group largely implemented the pair programming approach as 

it had been intended. Interviewed teachers generally set up the pairs so that they were mixed-gender, although that 

was not always possible given the gender balance of the class.  All four teachers explained that they spent time 

carefully pairing pupils according to a variety of different criteria, including matching pairs by computing 

attainment, creating mixed attaining pairs or using the same pairs as in maths lessons.  

"I thought very carefully about pairing the children up from my knowledge of, how they are, their current abilities, 

where they progressed to in terms of computing." (Teacher: S01) 

Within the four case study schools, fidelity to having a driver and navigator with clearly defined roles was also 

high: pupils understood the different responsibilities that went with the different roles and responded promptly to 

the indication that it was time to swap roles (normally by changing seats).  

"Now they've got used to the system, this is the lesson and this is what we're doing. That's been good.“ (Teacher: 

S02) 

Feasibility of paired work: Characteristics of the learning environment such as pupil behaviour and pupil 

familiarity with routines affected the ease with which teachers could implement the intervention. Observations 

that took place towards the end of the twelve-week unit showed that pupils knew where they should be sitting, 
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who their partners were, which partner was starting in which role, where to find the Scratch project and how to 

switch places. It is likely that earlier in the unit, teachers spent more time establishing routines and expectations.  

“There were a few times...where they weren’t collaborating properly...At the beginning [of the unit] we had to 

have at least two or three [lessons]....just reminding them what the role of the navigator and what the driver was.” 

(Teacher: S04) 

Overall, comments from the teachers implied that pair programming was well suited to computing because the 

clearly defined roles provided a strong collaborative environment that supported learning.  

“I don't know why I've never thought to do computing like that, actually because it's a really good vehicle for the 

fact that there are two roles, clearly defined. There's all your conversation and knowledge comes through that, 

and then they're both equally having a turn." (Teacher: S04) 

Teacher and pupil experiences of paired work: Data collected from discussions with pupils and teachers, and 

observations of lessons, showed that pupils enjoyed working with a partner. For example, a teacher in school S04 

explained that “they [the pupils] really liked working together as driver and navigator. They liked the aspect of 

swapping around.”  

Observations of the paired work showed that the discussions between pairs often focussed on task planning, 

including naming the blocks of code to use in Scratch, for example:  

Boy: “What do you want him to say? Shall we try..let’s set off?” 

Girl: “Yeh but we need a start block first” (Male and female pupils: S02) 

Pupils’ comments suggested that using the pair programming approach had been enjoyable, although they also 

critically evaluated the circumstances that might mean paired work was less effective.  

“I like working with both [both in a partner and by yourself] because when you do pair programming you’re 

collaborating with your partner, making links and you have to tell them what to do. But if you have a really good 

idea and then they put the wrong thing in the wrong place, it’s quite annoying.” (Female pupil: S01) 

“Sometimes when you're in your pairs...it's trickier in different pairs because you don't pick your pairs - they get 

picked for you. Sometimes it might be easier working in one pair than another." (Female pupil: S02) 

All four interviewed teachers stated that following their experiences using the pair programming approach, they 

intended to use it in the future for other computing lessons. For example, 

"Even those who are maybe a little bit more reluctant...those who put their hands up today and said they still 

prefer to work independently, they are still all engaging quite clearly in that with their pair and doing it really, 

really well. However much they say they prefer working independently, I think they clearly showed how much they 

enjoy it, engage with it. And you know they're achieving with it - so we should be doing this." (Teacher: S01) 

“I felt like some of my girls were really quite [makes bored noise] at the beginning, and by the end of it, especially 

when we did the second unit about the animation, loved it. They absolutely loved it.” (Teacher: S03) 

5.3 Confidence 

We aimed to better understand the mechanisms through which pair programming activities would increase girls’ 

confidence in programming and so synthesised the data collected from the qualitative evaluation study by the 

independent evaluators to gather evidence on student and teacher views.  

Both interviewed teachers and pupils felt that having the support of a partner boosted girls’ confidence because 

they could work together to overcome challenges.  

"I do think that having that equal time to have a go at both, thinking of the girls I've got, will have helped my girls, 

because they lack a bit of confidence. They were learning very quickly that actually 'Yes, we are sure. We can do 

this.’ " (S03) 
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Girls said that they liked having a partner because “someone else … could help me if I needed help” (S02: female 

pupil) and that “if you’re stuck your partner can be helpful ” (S01: female pupil). 

We had hypothesised that by feeling more confident, girls would engage more in discussions with their partner 

and increase their subject knowledge. One interviewed teacher made this connection explicitly, explaining that 

the confidence that girls had through working with a partner enabled them to learn more than if the approach had 

not been used.  

“The pair programming definitely helps. I think it boosted their confidence. They [the girls] had a partner to work 

with so immediately that makes it more interesting for them. I don’t know, I feel like they just acquired more 

knowledge.” (S03: Teacher) 

Girls tended to be positive about the collaborative elements of the Pair Programming lessons because of the 

opportunity to build relationships with peers.  

“If someone was your friend you’d make them be more of your friend because you’d be talking with them more, 

sharing their interest and knowing what they like.” (S02: female pupil) 

Interviewed teachers had different opinions about whether the intervention led to the same outcomes for both boys 

and girls. One teacher described how the engagement had increased indiscriminately of gender:  

“Nothing stands out in particular. I'm not going to try and kind of conjure something. I'm pleased to say that 

there's been equal engagement and an equal impact on both male and female." (S01: Teacher) 

On the other hand, another teacher did feel that her female pupils had started with lower confidence and so the 

intervention had particularly appealed to girls.  

“I think the girls would have come out better from it, because of their confidence towards the subject. The boys, 

they liked it, but I feel like the girls were more engaged with it. I don't know if I would have seen that level of 

engagement from the girls, if it wasn't taught that way, because I do think a lot of mine go in on themselves when 

they don't know.” (S03: Teacher) 

6. Discussion 

6.1 Explaining the RCT findings 

The results of the RCT (RQ1) show that there are no statistically significant results for either of the two outcomes. 

These results can be explained in a number of ways. Firstly, it may be surmised that the results may not be reliable 

due to either the impact of the coronavirus pandemic or the design of the study. For example, one interpretation 

of the results could be that the COVID-19 pandemic, which had an impact on school recruitment and retention, 

as well as on implementation fidelity, has affected the results; this would imply that conducting the trials again 

might produce significant results for some of the trials. However, power calculations were used and the trials only 

went ahead once the number of schools needed had been recruited. In addition, some expected attrition was built 

into the modelling. Thus, the size of the trial should still be adequate.  

Another interpretation is that the endline data might have been collected too soon to show any impact. Collecting 

data from students a few months later might have given more opportunity for a significant change in attitude and 

behaviour.  Change may still occur for those pupils (and indeed their teachers) involved in the set of interventions. 

As often in research projects, pressure to conclude the research dictated the collection of only one set of endline 

data at the end of each intervention: collecting attitudinal and behavioural change later on might have given more 

opportunity for significant change to be visible. 

Without any evidence that the design or implementation of the study was faulty, the study’s findings do indicate 

that including a pair programming methodology alone for 12-weeks does not make a significant difference to 

girls’ attitudes towards computing. It may be that making more changes to pedagogical approaches, as well as for 

a longer period of time, might be needed to make any noticeable impact. However, the study as implemented has 

not been able to show any positively significant (or positively negative) results.  
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6.2 The use of RCTs in education  

In some fields, including education policy, the RCT is seen as the `gold standard' of evaluation as randomisation 

eliminates much of the bias inherent with other study designs (Xiao et al., 2020).  The RCT approach, drawn from 

a positivist view of education, is not universally popular in education, as others arguing that while we need to 

provide reliable evidence for research findings, the RCT should not be elevated above any other methodology 

(Morrison, 2020). 

In classrooms and schools, there are multiple variables that are difficult to control for, and a more interpretivist 

lens is commonly used to interpret findings (Torgerson & Torgerson, 2001). In the study described in this paper, 

models of analysis were carefully developed to control for multiple factors such as whether the school was in a 

low-income area, the overall performance of the school as judged by an external body, and the baseline scores of 

the pupils. There will always be other variables that cannot be controlled for; for this reason it is useful to consider 

the qualitative research as triangulation for the quantitative findings. Indeed even positive RCT results need to be 

regarded carefully in education:  

“Just because research has shown that such-and-such might `work' in a such-and-such research setting, be it 

contrived or naturalistic, this is no reason to believe that it will work in a different temporal, locational, contextual 

setting, or even the same setting, a second time.'' (Morrison, 2020, p. 11).  

6.3 Reporting non-significant RCT results  

Researchers hesitate to report inconclusive findings in academic publications (Coldwell & Moore, 2024). 

However, the authors consider that reporting non-significant findings will support further research in this area. 

Not reporting inconclusive or negative findings can lead to publication bias (Haden, 2019, Coldwell & Moore, 

2024). Selective reporting of scientific findings is sometimes known as the file drawer problem (Rosenthal, 1979), 

describing the tendency of researchers to publish positive results much more readily than negative results, which 

`end up in the researcher's drawer'. This leads to publication bias, where only positive results are reported in the 

literature. In this case, it is important to be able to suggest some interpretations of the quantitative results, and 

explanations for some discord with the (albeit low volume) qualitative results, which will be discussed next.  

6.4 Aspects of pair programming emerging from the qualitative evaluation 

Despite the inconclusive results of the RCT on girls’ attitudes towards and intent to study computing, the 

qualitative data did identify some mechanisms through which the intervention might have led to the intended 

effect on girls’ attitudes towards computing. This inconsistency may be due to the reliance on pupil-reported 

quantitative data immediately after the intervention had taken place rather than observable, independent indicators 

of effect of the RCT. Furthermore, the high stated intention to study computing scores suggest that the sample of 

participants could have already have had relatively high engagement with computing, thus making it more difficult 

for the RCT to detect an impact. The qualitative data, although small in scale, gives us another set of data with 

which to investigate aspects of pair programming and highlight in more detail which mechanisms may have been 

most effective.  

In the case studies, teachers were enthusiastic about using the pair programming approach and provided insights 

which have implications for teacher professional development and future implementations of pair programming 

with K-5 learners. Thus the qualitative research indicates that introducing pair programming can effect some 

changes and reflections for teachers and pupils. These can be described under three headings: 

1. Development of Pedagogical Content Knowledge (implementation) 

2. Confidence and self-efficacy (teacher and pupil experiences) 

3. Collaboration and teamwork (teacher and pupil experiences) 

6.4.1 Pedagogical content knowledge 

RQ2 sought to better understand how teachers pair pupils together for pair programming activities, In the same 

way as other studies (e.g. Tsan et al., 2020; Vandenberg et al., 2023), the instructional design of our resources 

included the freedom to pair pupils by drawing on teachers’ prior knowledge and insights into their pupils’ 

behaviours and teachers’ existing pedagogical knowledge of classroom management (Magnusson et al., 2002). 
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This resulted in a variety of criteria for pairing (mixed attainment pairs, mixed gender pairs and reusing pairs from 

maths lessons) but a high level of fidelity to the pair programming approach across all four schools. 

When viewed through the lens of the Refined Consensus Model of Pedagogical Content Knowledge (PCK) 

(Carlson et al., 2019), teachers used pedagogical reasoning that drew on their enacted PCK to pair pupils based 

on their existing knowledge of what works in other subjects (e.g. mathematics), or their personal PCK to create 

mixed gender pairs based on their beliefs of improving the gender balance in computing. Similarly, teachers also 

used their enacted PCK of embedding classroom routines to help lessons run smoothly. Professional development 

in the pair programming approach can mobilise teachers’ existing enacted PCK of successful collaboration 

strategies and classroom routines to increase the potential for effective implementation.  

6.4.2 Confidence and self-efficacy 

Findings from the qualitative study showed having a partner's support bolstered girls’ confidence, a finding that 

is consistent with prior research (e.g. Werner et al., 2004). Positive emotions such as confidence towards a subject, 

coupled with a belief in one's ability to succeed in related tasks, signify self-efficacy (Bandura, 1977). In 

computing in general, there are gender differences evident when pupils self-assess their abilities, with girls 

underestimating their performance compared with boys, who demonstrate more accurate self-assessments (Kallia 

& Sentance, 2018). Our results showed that girls benefited from working with a partner to boost their confidence 

through social engagement and knowledge-building, rather than comparing themselves with peers. This may be 

because of the age of the pupils involved in the study, and stereotypes about boys’ superior ability in computing 

have not yet developed. Interviewed teachers and pupils provided evidence to support findings from prior work, 

that the girls felt more confident engaging with computing and took part in discussions during paired work which 

led to increased subject knowledge (Ying et al., 2019). 

Pupil and teacher comments from our findings suggest that using the pair programming approach may enhance 

both boys' and girls' self-efficacy. This emergent finding is noteworthy as a strong sense of self-efficacy in 

computing is connected with pupils’ decisions to pursue further studies in the field in both K-12 and undergraduate 

education (Mishkin, 2019; Aivaloglou & Hermans, 2019). It is crucial that computing teachers are trained in and 

can use approaches that aim to benefit girls’ engagement in computing education and careers to ensure an equitable 

approach for all pupils, and that these approaches begin in K-5 education, so that all pupils have positive initial 

experiences of computing.  

6.4.3 Collaboration and teamwork 

The qualitative findings also showed that girls valued collaboration and teamwork, an additional mechanism for 

engaging girls in computing lessons that we had not planned to investigate, but which was reported by teachers 

and pupils during interviews and focus groups. This result is in keeping with general education research indicating 

females from some Western cultures may be more motivated by a social rather than a competitively oriented 

learning context (Korpershoek et al., 2021; Hijzen et al., 2006), and builds on sociocultural theories proposing 

that pupils use social interactions to learn with and from their peers and educators (Vygotsky, 1978). Similar 

indications of females preferring to learn in a more social and collaborative setting in CS have been inferred from 

instructional approach research into pair programming (Denner et al., 2014; Liebenberg et al., 2012).  This 

reinforces calls in the field to take a more sociocultural approach in CS (e.g. Guzdial & Tew, 2006; Kafai & Burke, 

2013; Faraon et al., 2020; Vrieler & Salminen-Karlsson, 2022).  

6.5 Limitations 

This study has potential limitations, including the lack of gender-specific analysis to compare boys’ and girls’ 

attitudes. This introduces the potential risk of causing a ‘backfire’ effect, where well-intentioned interventions 

have adverse outcomes for certain students. Future research should address these by examining gender differences 

and considering diverse educational contexts. By addressing these areas, future work can develop more inclusive 

and effective pair programming strategies that promote collaborative learning and student success. 

7. Conclusion 

In summary, this paper describes a study involving 116 primary schools and 990 female pupils which investigated 

the impact of a 12-week pair programming intervention on pupil’s attitudes to computing and their intention to 
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study it further. The main study (RCT) did not find any statistically significant results in terms of the two outcome 

measures. However the qualitative evaluation showed that both teachers and pupils enjoyed working in pairs.  

We can speculate about the null result from the RCT that while it may be that there is no causal link between 

using the pair programming approach and an increase in girls’ attitudes towards computing, it may also need a 

longer period of time (greater than 12 weeks) to be evident. This might mean that the use of pair programming is 

implemented for longer, or that the survey and follow-up evaluation is conducted later on, forming a more 

longitudinal study. Another suggested explanation is that the pair programming approach needs to be combined 

with other strategies to achieve a positive effect. Further research could help us in establishing which of these 

explanations may be most likely. In any case, this research study reaffirms the fact that gender balance in 

computing is a deeply systemic and societal issue that requires change beyond the classroom to improve.  

Although the RCT showed no statistically significant changes in attitudes or intent, qualitative data revealed that 

the interventions were engaging and enjoyable, with increased confidence and engagement in discussions among 

the girls. These findings highlight the ongoing societal and systemic barriers in computing education while 

indicating the positive reception of pair programming among participants. 
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