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The goal of this video study was to investigate whether the gender composition of a pair influences collaboration during the pair programming process. Pair programming is an agile software development technique in which two people share a computer and jointly develop a program. One of the programmers, the driver, operates the keyboard and mouse; the other, the navigator, reviews the code and helps without touching the keyboard or mouse. These two roles are swapped at regular intervals. Video data were collected during a half-day robotics workshop for students in Grades 5–9 (10–14 years old) and gifted students in Grades 3–6 (8–11 years old) at the University of Teacher Education Lucerne. A total of 203 pairs with different gender compositions (homogeneous female, homogeneous male, heterogeneous) were filmed during the pair programming process. Without consideration of the grade level the research results showed that there were no significant differences between the pairs based on gender composition in terms of task-solving speed, number of assistance requests, role changes, or rule violations by the navigator. In heterogeneous pairs, male and female students in the navigator role intervened equally often. These results initially appear to be consistent with several previous studies, which also found no significant differences based on gender composition. However, when only students in Grades 7–9 (12–14 years old) were considered, there were two significant differences. First, the homogeneous male pairs violated the rule that the navigator does not touch the keyboard or mouse more often than the other pairs. This suggests that homogeneous male pairs are not ideal for students in Grades 7–9 (12–14 years old). Second, as previously shown in other studies, heterogeneous pairs showed the greatest variability in task-solving speed. This may indicate compatibility issues among some heterogeneous pairs in Grades 7–9. In this study, only quantitatively measurable indicators of collaboration were considered. Further research on gender and pair programming should therefore focus on the quality of collaboration.
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Introduction


Definition of pair programming and extension to a robotics workshop

Pair programming is one of the twelve practices of Extreme Programming (XP), an approach to software development established by Beck (1999). In pair programming, two people program together and take the roles of driver (also called pilot) and navigator (also called copilot or observer; Beck, 1999). The person in the driver role operates the keyboard and mouse, while the person in the navigator role watches, supervises, and supports without touching the computer. During the process, the members change roles periodically. Although only one person operates the computer, decisions about program development are made jointly. Adequate communication skills are important in this process (Werner and Denning, 2009; Hanks et al., 2011; Denner et al., 2014).

A robotics workshop differs from a typical programming experience in that a robot must be operated in addition to the computer. This requires an extension of pair programming rules. Therefore, Zhong and Wang (2021) proposed a new form of role assignment: hardware operator and software operator. One person takes care of the software (i.e., programming the robot) while the other person operates the hardware (i.e., building the robot). In a study with students in Grade 6 in China, Zhong and Wang (2021) compared the new roles (software–hardware) with the traditional ones (driver–navigator). In the traditional driver–navigator pairs in their study, one person operated the computer and the robot, while the other person supported them. They found no significant differences between the traditional driver–navigator and software–hardware pairs. However, they pointed out that the learners in their study worked with the educational mBot robot model, which required little additional design work due to its simple assembly. Therefore, learners in the hardware operator role were able to complete their tasks quickly and focus on observing and supporting, which corresponds to the traditional navigator role. To compare driver–navigator pairs with software–hardware pairs, more diverse hardware tasks are necessary.



Effects of pair programming in a school context

Pair programming is prevalent in both the workplace and education and has thus received much attention in research (Gómez et al., 2017). However, few studies have looked at pair programming in a school context. The existing studies have found the following results. Learners who engage in pair programming perform better than solo programmers (Iskrenovic-Momcilovic, 2019; Çal and Can, 2020). They acquire more programming knowledge (Denner et al., 2014) and computational thinking skills (Seo and Kim, 2016). In addition, they gain a better understanding of programming concepts, higher problem-solving skills, more confidence in programming, more positive attitudes toward programming, and more interest (Papadakis, 2018). Most learners prefer pair programming to solo programming because working with another person supports their learning, creates a positive and fun learning atmosphere, and prepares them for larger projects (Papadakis, 2018; Celepkolu et al., 2020; Çal and Can, 2020). Girls report that they gain more enjoyment of computer science as a subject by programming in pairs. They understand tasks better, learn more, and have more perseverance in solving problems. In addition, they value the socialization, communication, and support that pair programming provides (Liebenberg et al., 2012). Female learners also prefer to ask experienced peers rather than the instructor when something is not clear to them and appreciate being able to share their uncertainties with someone (Werner and Denning, 2009; Ying et al., 2019).



Factors for success of pair programming

These positive effects of pair programming can only occur if the technique is implemented correctly (Bowman et al., 2020). Program development rules and procedures must be clearly stated, communicated, and followed (Çal and Can, 2020). These rules should allow both individuals to participate and collaborate on an equal footing. To this end, researchers have formulated guidelines. Williams and Kessler’s (2000) guidelines related to professional practice are commonly used. Werner et al. (2004a) built on these guidelines and broadened the perspective to include the school setting. Williams et al. (2008) addressed the implementation of pair programming in the academic context. Zarb et al. (2013) articulated several principles for effective communication in collaborative programming. These guidelines are supported by research findings. For example, when roles are regularly reversed, this leads to a high level of commitment from both individuals (Plonka et al., 2011). It is also important that both individuals perform each role for approximately the same amount of time (McDowell et al., 2006). Individuals who hold the driver role rarely and briefly are more likely to drop out of pair programming. This can be explained by their inability to comprehend the actions of the driver (Plonka et al., 2011, 2012).

For pair programming to be effective, it is also important that the members of a pair are compatible (Hanks et al., 2011; Tunga and Tokel, 2018; Bowman et al., 2020). Pairs should be grouped based on their characteristics to speed up the task-solving process, enable knowledge transfer, improve the quality of the program they develop, and create a learning atmosphere (Williams et al., 2006; Alshehri and Benedicenti, 2014). Various characteristics of learners can influence the effectiveness of pair programming, including general academic performance, personality, and learning style. Their attitudes toward pair programming can also have an impact. The way learners are grouped can also affect their compatibility. The results of several studies suggest that communication and collaboration are enhanced when learners have similar skills (Katira et al., 2005; Salleh et al., 2011; Al-Ramahi et al., 2013; Denner et al., 2014; Bowman et al., 2019). Familiarity and friendship can impact pair programming as well (Denner et al., 2014). In interviews, most learners indicate that they interact better, are more productive, and feel more comfortable collaborating with a familiar person (Celepkolu et al., 2020). However, some learners prefer to work with non-familiar students because they collaborate more professionally (Demir and Seferoglu, 2021). If learners in a pair are not friends, a lack of interaction occurs more frequently (Campe et al., 2020).



Influence of gender on pair programming

The gender composition (homogeneous female, homogeneous male, heterogeneous) of a pair can also have an impact on their compatibility and, thus, their collaboration. In gender studies, a distinction is made between the terms sex and gender. Sex refers to biological sex, while gender refers to how it is interpreted socially (Lünenborg and Maier, 2013). Gender is a cultural and social construct created by society, which establishes gender roles and gender-typical behaviors and characteristics (Satz, 2012). Maccoby (1998) further argues that gendered aspects of behavior can be influenced by the gender of one’s counterpart. When boys are present, girls are under more pressure to maintain their gender identity by performing gender-conforming behavior, and vice versa (Maccoby, 1990; Brutsaert, 1999; Kröll, 2010; von Ow and Husfeldt, 2011; Amon et al., 2012; Flore and Wicherts, 2015; Wedl and Bartsch, 2015).

The field of computer science is often described as technology-oriented, competitive, masculine, and not very social (Werner et al., 2004b; Nosek et al., 2009; Diekman et al., 2010, 2011; Cheryan et al., 2011; Choi, 2015). This stereotypical image is incompatible with female gender roles (Eagly, 1987; Cheryan et al., 2013) and women’s preference for people-oriented and collaborative careers (Ying et al., 2019). Various studies have indicated that women have more negative attitudes than men toward computer science (Chang et al., 2012; Başer, 2013; Jarratt et al., 2019) and are less confident in their abilities in the field (Beyer et al., 2003; Maguire et al., 2014; Coto and Mora, 2019; Fraunhofer IAIS, 2019; Jarratt et al., 2019; Campe et al., 2020). However, several studies have shown that there are no gender differences in performance in computer science at either the university (Akinola, 2016) or public education (Papadakis, 2018; Iskrenovic-Momcilovic, 2019). Despite this, women are underrepresented in education and employment in science and engineering (National Center for Science and Engineering Statistics, 2019).

Pair programming can be used to show female learners that programming can also be a collaborative and social task. This can counter the stereotypical image of computer science careers as antisocial and competitive (Werner et al., 2004b; Liebenberg et al., 2012; Choi, 2015; Ying et al., 2019). However, considering that computer science and robotics are seen as typically masculine in society, girls may feel that their gender identity is threatened when working with boys and therefore hold back (Flore and Wicherts, 2015). In gender homogeneous pairs, though, gender identity may take a back seat, allowing the students to focus on developing their competence (Kessels, 2002; Faulstich-Wieland et al., 2004; von Ow and Husfeldt, 2011). This might reduce the perceived external social pressure and fear of social exclusion (Esch and Herrmann, 2008). In homogeneous female pairs, girls can also appear confident in fields that are perceived as male (Kröll, 2010; Booth and Nolen, 2012).

To date, there have been few empirical studies examining the influence of gender on pair programming (Salleh et al., 2011; Zhong et al., 2016; Gómez et al., 2017). Studies by Katira et al. (2005) and Choi (2015) have suggested that, in an academic context, heterogeneous groups are less compatible than homogeneous ones. In a survey by Choi (2015), female students in heterogeneous groups were more likely to report difficulties and conflicts, while those in homogeneous groups spoke of compatibility. Homogeneous female and male groups did not differ significantly in compatibility and communication. In contrast, a study by Demir and Seferoglu (2021) did not demonstrate significant differences between homogeneous and heterogeneous groups in terms of compatibility or the experience of flow. Results regarding productivity are also inconclusive. Some studies have failed to demonstrate a significant difference between homogeneous and heterogeneous groups (Choi, 2015; Akinola, 2016; Demir and Seferoglu, 2021). In contrast, in a study by Jarratt et al. (2019), homogeneous male groups showed the highest levels of productivity. Moreover, Gómez et al. (2017) found that gender heterogeneous groups showed the greatest variability in productivity, which could indicate compatibility issues.

In school contexts, no significant compatibility differences between homogeneous and heterogeneous groups have been demonstrated to date. However, homogeneous female groups exhibit the closest partnership. They also communicate and discuss their ideas more frequently than other compositions (Zhong et al., 2016). Therefore, they invest more time in sharing ideas about the task than male groups, while homogeneous male groups communicate more frequently about non-task-related topics (Campe et al., 2020). In a study by Tsan et al. (2016), the code quality of homogeneous female groups was significantly lower than those of other gender compositions, though only four female groups were examined. Zhong et al. (2016) found no significant differences in the performance of the different gender compositions. In a study by Underwood et al. (2000), heterogeneous groups showed less verbal interaction and less balanced keyboard use than homogeneous groups. Male students moved the cursor more frequently and made more decisions. However, in this experiment, learners did not engage in pair programming: they performed a cloze task instead of writing a program.

The results on the compatibility of homogeneous and heterogeneous groups are somewhat contradictory. It has been suggested that the duration of pair programming may be the determining factor, as this has varied widely across studies. In addition, because of the few women in computer science, often few female pairs were studied (Choi, 2015). In general, samples have tended to be small. Participants have varied in age and pair programming has been implemented differently. More research is needed, especially in the school context, on whether and to what extent assignment to homogeneous and heterogeneous pairs affects learner collaboration (Jarratt et al., 2019).



Research questions and hypotheses

The present study aims to address this research gap. In the context of a half-day robotics workshop at the learning lab at the University of Teacher Education Lucerne, the study investigates the extent to which division into homogeneous and heterogeneous pairs affected the collaboration of the learners. The robotics workshop was designed for students in Grades 5–9 (10–14 years old) and gifted students in Grades 3–6 (8–11 years old). In Switzerland, compulsory education for children begins in Grade 1 at the approximate age of 6 and ends in Grade 9 at the approximate age of 14. The research questions and hypotheses of this study are presented below.


RQ1) To what extent do homogeneous and heterogeneous pairs differ in terms of task-solving speed?



Many studies in the academic context have suggested that different gender compositions do not differ significantly in terms of code productivity (Choi, 2015; Akinola, 2016; Gómez et al., 2017; Demir and Seferoglu, 2021). In contrast, in a study by Jarratt et al. (2019), homogeneous male groups showed the highest degree of productivity. Research on this question in school contexts is rare. Zhong et al. (2016) found no significant difference in performance in their study of students in Grade 6 at a Chinese primary school. Consistent with these previous research results, we hypothesize that homogeneous and heterogeneous pairs will not differ in terms of task-solving speed.


RQ2) To what extent do homogeneous and heterogeneous pairs differ in terms of the number of assistance requests?



The stereotypically male image of computer science can have a negative impact on women. Women rate themselves as less competent in computer science, despite equal accomplishments. They are also more likely to report that they do not understand all programming concepts and have less confidence in their products (Jarratt et al., 2019). Therefore, we hypothesize that homogeneous female pairs will request assistance more often than homogeneous male and heterogeneous pairs.


RQ3) To what extent do girls and boys in heterogeneous pairs differ in terms of their adherence to previously communicated pair programming guidelines?



Learners were presented with research-derived pair programming guidelines. This study focuses on two of these rules. The first one is that the navigator must not touch the computer (Werner et al., 2004a). As previously noted, girls’ gender identity may be threatened in heterogeneous groups (Flore and Wicherts, 2015). In a study by Underwood et al. (2000) that examined gender interaction in a non-pair programming context, boys dominated computer use. Consistent with previous research, we hypothesize that girls will be more reserved, and boys will dominate in gender heterogeneous pairs. This leads to the assumption that male learners in heterogeneous pairs will be more likely to disobey pair programming rules. We hypothesize that boys will touch the keyboard or mouse more often and for longer when they are navigator than girls.


RQ4) To what extent do heterogeneous and homogeneous pairs differ in terms of their adherence to previously communicated pair programming guidelines?



As previously mentioned in homogeneous female pairs, girls can be more confident in areas that are perceived as masculine (Kröll, 2010; Booth and Nolen, 2012). Therefore, we assume that gender homogeneous pairs will better adhere to the rules of pair programming. To date, no significant difference has been demonstrated between homogeneous female and male pairs in terms of compatibility and communication (Choi, 2015). Regarding the first rule of pair programming, we hypothesize that learners in gender heterogeneous pairs will touch the keyboard or mouse when they are navigator more often and for longer than those in gender homogeneous pairs. The second pair programming rule is that the roles of navigator and driver should be swapped regularly (Williams and Kessler, 2000; Werner et al., 2004a; Williams et al., 2008). Both individuals should hold the two roles for approximately the same amount of time since this indicates a high level of commitment from both individuals (McDowell et al., 2006; Plonka et al., 2011). We hypothesize that learners will switch roles more frequently in homogeneous pairs than in heterogeneous pairs.




Materials and methods


Context and participants

To verify whether the division into homogeneous and heterogeneous pairs influenced learners’ collaboration in a robotics workshop, a video study was conducted. The videos were recorded in the learning environment “Discovering the City of the Future with Roberta®” at the University of Teacher Education Lucerne. This workshop was offered during the fall term of 2020 to students in Grades 5–9 (10–14 years old) and gifted students in Grades 3–6 (8–11 years old). Teachers in Central Switzerland could register to have their classes visit the learning environment, resulting in a non-random sample. Written consent to film the students during the workshop was obtained from their legal guardians in advance. Learners whose guardians did not provide consent experienced no disadvantages. In the learning lab, the instructor randomly selected four pairs from each class to be filmed. We chose to film the beginning of the work phase directly after the task was introduced. Approximately 50 min were filmed per pair. The students did not know the exact topic of the study.

The learning environment was developed on the basis of the principles of the Roberta® initiative by the Fraunhofer Institute for Intelligent Analysis and Information Systems (IAIS). The initiative focuses on developing robotics workshops that appeal equally to students of all genders (Fraunhofer IAIS, 2019). In the learning environment, the students were able to program the educational LEGO® Mindstorms EV3 robot model to function in a city of the future using the EV3-G graphical programming language. After a joint introduction to robotics and the EV3-G programming environment, the learners started with the first task: programming an autonomous vehicle. For this, they had to program the robot to drive autonomously along a black line.

One workshop instructor and one assistant accompanied each class in the learning environment. To ensure that learners experienced similar conditions despite the different instructors, we formulated guidelines in a workshop staff manual. For the introduction to pair programming, we gave the workshop instructors a script based on the pair programming guidelines found in the research literature (Williams and Kessler, 2000; Werner et al., 2004a; Williams et al., 2008). Learners were not required to perform any hardware tasks; they received the robot fully assembled. Therefore, we did not use the hardware–software role assignment framework proposed by Zhong and Wang (2021). Instead, we chose a combination of the hardware and navigator roles. The driver operated the computer (i.e., programmed the robot). The navigator thought along, monitored the driver, helped without touching the computer, and operated the robot. We determined that the pairs had to swap roles after each subtask. During the role swap, the students physically traded places.

We analyzed a total of 203 videos. The distribution of filmed pairs by grade level is shown in Table 1. The youngest learner on the videos was 8 years old and the oldest was 15. The mean age was 11.36 with a standard deviation of 1.3. The filmed pairs were evenly distributed among homogeneous female, homogeneous male, and heterogeneous pairs (Table 2).


TABLE 1    Distribution of filmed pairs by grade level.
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TABLE 2    Distribution of filmed pairs by gender composition.
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Learners were divided into homogeneous female, homogeneous male, and heterogeneous pairs by their teachers before the workshop using predetermined criteria. Biological sex was used for the gender criterion. In addition, learners were grouped according to performance. Both general academic performance and prior knowledge of programming were considered. The age difference between the learners in a pair was not to exceed 1 year. In summary, the pairs were to be divided as homogeneously as possible according to performance level, prior programming knowledge, and age. To facilitate neutral collaboration, students were paired with individuals with whom they were neither particularly good friends nor enemies. This division was intended to prevent these factors from distorting the differences among gender compositions. Since, in practice, it is not possible to perfectly assign every learner in a class according to all criteria, teachers also conducted an observation assignment to collect information about the learners’ general academic performance, prior programming knowledge, relationship, and age difference. These were treated as possible confounding variables.



Measures

The video recordings and the completed observation assignments were evaluated using a codebook that contained definitions, instructions, and categories. First, we conducted a test run of the codebook with three individuals. Then we adapted it according to their feedback. Subsequently, we introduced two student assistants to the codebook in a 1-h session. To avoid bias in the results, we did not inform the assistants of the exact research objective or hypotheses of this study.

To examine intercoder reliability (i.e., the extent of agreement between the coding of the two student assistants) 20% of the videos were double coded. We selected the 40 double-coded videos randomly, with care taken to include roughly equal numbers of videos from all grade levels and gender compositions. According to the preconditions, we calculated the intraclass correlation coefficient (ICC) (3,1), two-way mixed, single measure absolute agreement. The ICC–the within-class correlation column in Table 3–was lowest for the variable L2 Intervention Duration, the average duration that Learner 2 intervened when he/she was navigator, with ICC = 0.77 and a confidence interval of [0.60, 0.87]. The variable L1 Duration Interventions had the highest coefficient with ICC = 0.99 and a confidence interval of [0.99, 1.00]. In the literature, rater agreement above a value of 0.7 is considered good (Greve and Wentura, 1997; Greguras and Robie, 1998). Since all values were above this guideline value, it can be assumed that the agreement among the coders was satisfactory. The ICC was significant for all dependent variables (see sig. column in Table 3).


TABLE 3    Intraclass correlation coefficients.
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The following section describes how the dependent variables were determined. To test the first research question, task-solving speed had to be calculated. Therefore, information about the last task a pair worked on was gathered and used, along with their total work time, to calculate how many tasks they worked on per hour.

The number of assistance requests, needed for the second research question, was determined based on how often learners asked for and received help (e.g., by a hand signal). Assistance could be provided by a supervisor (i.e., workshop instructor, assistant, or teacher) or other learners. Help that was not actively requested was not counted, nor was help with technical problems that the learners had not initiated themselves. The number of assistance requests was combined with the total work time to determine a pair’s average number of assistance requests per hour.

For the third and fourth research questions, the number of times the navigator intervened was determined. If the person in the navigator role touched the computer mouse or keyboard, this was counted as an intervention. For a person to intervene at all, he or she had to assume the role of navigator at least once during the independent working phase. The longer someone held this role, the higher the possible number of interventions. Therefore, the number of times an individual intervened was combined with how long they held the navigator role to determine the average number of interventions per navigator hour. To estimate the total number of times learners in a pair intervened, the interventions of the two individuals were added together.

To calculate the average intervention duration, also for the third and fourth research questions, the total duration of an individual’s interventions was divided by the number of times he or she intervened. The averages of the two individuals in a pair were then added together. The sum rather than the average of the pair was used because the average intervention duration depended on the duration of time spent in the navigator role. In many cases, the duration of navigation time was unbalanced, so an average of the two individuals in a pair would not be meaningful.

The number of times the individuals switched places was used to calculate how many times the pairs changed roles, which was needed for the fourth research question. One of the pair programming guidelines was to switch places after each subtask. If a pair was working on the third task at the end of the working period, they should have changed roles twice. Thus, the target number of role changes was the number of the last task minus one. Actual role changes were subtracted from the target value. Positive values of this variable indicated that individuals changed roles too often, while negative values indicated they did not do so often enough. A zero-value indicated that the number of role changes was equal to the target value.



Data analysis

Since only isolated normal distributions were available in the present data set, we chose non-parametric procedures for the tests for confounding variables and hypotheses. The measurements obtained for each group were compared using a Kruskal–Wallis test and a post hoc Dunn–Bonferroni pairwise comparison method. Because the groups (students in Grades 5–6, students in Grades 7–9, gifted students in Grades 3–6) differed greatly in size, we chose Cohen’s pooled standard deviation (ds) as the effect size. A Wilcoxon test was used to test whether the central tendencies of the dependent variables differed between boys and girls in heterogeneous pairs. The following sections examine whether the possible confounding variables impacted the dependent variables.

The Kruskal–Wallis test found that age difference and learner relationship had no significant effect on the dependent variables. Therefore, these variables were not included in the hypothesis tests. However, the test showed that other variables (grade level, difference in general academic performance, and difference in prior programming knowledge) had a significant influence on the dependent variables of the study.

According to the Kruskal–Wallis test, grade level had a significant effect on task-solving speed (H = 9.72, p = 0.008). The Dunn–Bonferroni test revealed that there was a significant difference between the task-solving speed of the gifted students and the students in Grades 7–9 (z = −2.59, p = 0.029, ds = 0.28), as well as the speed of the students in Grades 5–6 and the students in Grades 7–9 (z = −2.74, p = 0.018, ds = 0.37). The students in Grades 7–9 completed the tasks faster than the other students. According to Cohen (1988), this variable had a small effect in both cases.

Another significant difference based on grade level was found using the Kruskal–Wallis test. This concerned the total number of interventions by the navigator (H = 8.34, p = 0.015). The Dunn–Bonferroni test revealed that there was a significant difference between the number of interventions among the students in Grades 7–9 and the students in Grades 5–6 (z = 2.75, p = 0.018, ds = 0.45). Interventions were less frequent among the students in Grades 7–9 than the students in Grades 5–6. According to Cohen (1988), this was a weak effect.

The Kruskal–Wallis test also showed that the difference in general academic performance had a significant effect on the number of requests for assistance (H = 8.69, p = 0.034). The Dunn–Bonferroni test revealed a significant difference in the number of assistance requests by pairs with similar and equal general academic performance (z = 2.73, p = 0.038, ds = 0.37). Pairs in which learners had the same general academic performance requested more help than pairs with similar general academic performance. The effect size was small (Cohen, 1988).

The difference in prior programming knowledge also had a significant effect on the number of assistance requests, according to the Kruskal–Wallis test (H = 14.21, p = 0.001). The Dunn–Bonferroni test revealed that there was a significant difference in the number of assistance requests by groups in which both individuals had prior programming knowledge and those in which both lacked this knowledge (z = 3.67, p = 0.001, ds = 0.59). Pairs in which both learners lacked prior programming knowledge requested more help than pairs in which both individuals had prior knowledge. The effect was medium-sized, according to Cohen (1988).

To summarize, the age difference and the relationship between learners did not show a significant effect on any of the dependent variables studied. Moreover, none of the confounding variables showed a significant effect on some of the dependent variables (number of interventions by the navigator, average intervention duration, number of role changes, or sum of the average intervention durations). The significant results reported concerning confounding variables are summarized in Table 4.


TABLE 4    Summary of the influences of the confounding variables on the dependent variables.
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Results


Task-solving speed by gender composition (RQ1)

First, we examined whether task-solving speed differed based on the gender composition of the pair. The slowest pair worked on an average of 2.80 tasks per hour; the fastest group worked on 13.54. The mean was 5.93 tasks per hour with a standard deviation of 1.43. The Kruskal–Wallis test revealed that there was no significant difference based on gender composition in terms of task-solving speed (H = 2.56, p = 0.279). Among students in Grades 7–9 (12–14 years old), the heterogeneous pairs showed the greatest variability in task-solving speed (see Figure 1).


[image: image]

FIGURE 1
Box plot for task-solving speed (tasks worked on per hour) by gender composition among students in Grades 7–9 (n = 54).




Number of assistance requests by gender composition (RQ2)

Next, we calculated whether the pairs with different gender compositions requested different amounts of assistance. Since there were pairs that did not request help, the minimum value was zero. The group with the highest value requested assistance an average of 17.02 times per hour. The mean value was 4.18 with a standard deviation of 3.33. The pairs did not differ significantly in the number of assistance requests based on gender composition (H = 0.18, p = 0.916).



Adherence to pair programming guidelines of girls and boys in heterogenous pairs (RQ3)

We further investigated whether the number of interventions by the navigator differed between individuals in gender heterogeneous pairs. There were learners who were never the navigator, as well as individuals who held that role for a long time (minimum = 0 min, 0 s; maximum = 1 h, 1 min, 7 s). The mean was 23 min, 3 s, with a standard deviation of 13 min, 47 s. For most heterogeneous pairs, both learners held the role of navigator for about the same amount of time. The mean number of interventions per navigator hour was 11.40 (SD = 15.30). The Wilcoxon test was used to test whether the measures of central tendency for the number of interventions made by boys and girls in gender heterogeneous pairs differed. The number of interventions by boys (Mdn = 6.06) was not significantly different from the number of interventions by girls (Mdn = 5.59; asymptotic Wilcoxon test: z = −0.60, p = 0.546, n = 60).

Next, we examined whether the average intervention duration by the navigator differed between the individuals in heterogeneous pairs. The shortest average intervention duration was 0 min, 1 s and the longest was 2 min, 30 s. The mean was 0 min, 11 s, with a standard deviation of 0 min, 13 s. The Wilcoxon test revealed that the measures of central tendency for the average intervention duration of boys (Mdn = 0 min, 8 s) and girls (Mdn = 0 min, 7 s) in heterogeneous pairs were not significantly different (asymptotic Wilcoxon test: z = −0.72, p = 0.469, n = 35).



Adherence to pair programming guidelines by gender composition (RQ4)

We also examined whether the number of role changes differed based on the gender composition of the pairs. Almost half of the pairs (77 out of 176) changed roles the correct number of times. There were pairs that made four fewer place changes than the ideal number (minimum) and pairs that made six more that they should have (maximum). The mean was −0.44, with a standard deviation of 1.84. Thus, most pairs adhered to this specification but there was a tendency to make fewer place swaps than required. The Kruskal–Wallis test revealed that there were no significant differences in the number of role changes between the pairs based on gender composition (H = 0.93, p = 0.628).

We conducted further investigation to determine if the total number of interventions by the navigator differed by gender composition. In 8.13% of the pairs (13 of 160), neither learner intervened. The pair with the most interventions intervened a total of 137.58 times per navigator hour. The mean was 21.77 times per hour, with a standard deviation of 22.41. The Kruskal–Wallis test revealed that there was no significant difference in the number of interventions based on gender composition (H = 3.07, p = 0.215).

When only students in Grades 7–9 (12–14 years old) were considered, however, the Kruskal–Wallis test revealed that there was a significant difference between the total number of interventions based on gender composition (H = 8.61, p = 0.014). The Dunn–Bonferroni test also showed a significant difference in the total number of interventions made by the homogeneous female and the homogeneous male pairs (z = −2.52, p = 0.035, ds = 1.07), as well as the heterogeneous and the homogeneous male pairs (z = −2.62, p = 0.027, ds = 1.06). Both effect sizes were found to be high. The boxplot (Figure 2) shows that overall, students in the homogeneous male pairs in Grades 7–9 intervened more frequently than those in other pairs.
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FIGURE 2
Boxplot of total number of interventions per navigator hour by gender composition among students in Grades 7–9 (n = 50). The * in the boxplot is a symbol for an extreme value.


In the final step, we examined whether the sum of the average intervention durations by the two individuals in a pair differed by gender composition. The lowest sum was 0 min, 2 s and the highest was 2 min, 39 s. The mean was 0 min, 23 s, with a standard deviation of 0 min, 21 s. The Kruskal–Wallis test revealed that there was no significant difference between the pairs based on gender composition in terms of the sum of the average intervention durations (H = 0.54, p = 0.765). Table 5 summarizes the results related to the research questions.


TABLE 5    Summary of results concerning the research questions.
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Discussion


Task-solving speed by gender composition (RQ1)

The first research question aimed to examine whether homogeneous and heterogeneous pairs differ in terms of task-solving speed. We hypothesized that gender composition would have no effect on task-solving speed. The results of this video study indicate that homogeneous and heterogeneous pairs did not differ significantly; thus, the first hypothesis can be supported. This result is consistent with the findings of previous studies that found no significant difference between homogeneous and heterogeneous pairs in terms of coding productivity (Choi, 2015; Akinola, 2016; Zhong et al., 2016; Gómez et al., 2017; Demir and Seferoglu, 2021). However, Jarratt et al.’s (2019) finding that homogeneous male pairs were the most productive could not be confirmed by the results of the present study.

The finding that heterogeneous pairs had the greatest variability in productivity, addressed by Gómez et al. (2017), was also evident among the students in Grades 7–9 (12–14 years old) in this study. This could indicate a higher likelihood of compatibility issues among heterogeneous pairs in Grades 7–9. Some researchers show that heterogeneous pairs are less compatible than homogeneous ones (Katira et al., 2005; Choi, 2015), but this has not yet been demonstrated in the school context (Zhong et al., 2016). However, in a study by Underwood et al. (2000), heterogeneous pairs showed less verbal interaction than homogeneous pairs, even in the school context. Considering that good communication, quantitatively and qualitatively, is critical for effective pair programming (Werner et al., 2004a; Hanks et al., 2011; Denner et al., 2014; Rodríguez et al., 2017), this could negatively impact the task-solving speed of these pairs. This result may indicate that not only the quantity of communication, as in Underwood et al. (2000), but also the quality of communication, as in Zarb et al. (2013), is crucial. Further qualitative analysis in this study would be needed to explore this assumption. With the background knowledge that adolescents mostly have same-sex friends, it is likely that many learners in heterogeneous pairs are not friends. Research shows that non-friend pairs perform better (Demir and Seferoglu, 2021). However, they are also more likely to experience situations in which there is no interaction at all (Campe et al., 2020). The great variability in task-solving speed is therefore consistent with observations made in other contexts.



Number of assistance requests by gender composition (RQ2)

The second research question aimed to investigate whether homogeneous and heterogeneous pairs differed in terms of the number of assistance requests. We hypothesized that homogeneous female pairs would request more help than pairs with other gender compositions. The results of this video study show that the pairs did not differ significantly in terms of the number of assistance requests based on gender composition. Therefore, the second hypothesis can be rejected. Homogeneous female pairs did not request more help than homogeneous male pairs or heterogeneous pairs.

As previously mentioned, research has suggested that the male image of computer science affects women’s confidence, interest, and attitudes, though not their abilities. Women are more likely than men to report not fully understanding programming concepts and have less confidence in their products (Jarratt et al., 2019). However, the assumption that this uncertainty among girls affects the amount of help they request cannot be confirmed.

One possible explanation is the use of pair programming. Female learners are more productive and confident when they participate in pair programming than when they program alone (Zhong et al., 2016). Pair programming can show female learners that programming can also be a collaborative task. This can, to some extent, alter the stereotypical image of computer science as an antisocial (Werner et al., 2004b; Liebenberg et al., 2012; Ying et al., 2019) and competitive (Werner et al., 2004b; Choi, 2015) working environment. Therefore, pair programming can help attract more women to computer science. In interviews about pair programming, women have mentioned that they prefer to ask experienced peers rather than the workshop instructor when they are unsure about something and appreciate being able to share their uncertainties with someone (Werner and Denning, 2009; Ying et al., 2019). These factors may explain why homogeneous female pairs were no more likely to check with the workshop instructor than the other gender composition.



Adherence to pair programming guidelines in heterogeneous pairs (RQ3)

The third research question dealt exclusively with heterogeneous pairs. It examined the extent to which girls and boys would differ in following the previously communicated pair programming guidelines. We hypothesized that boys in the role of navigator would touch the computer keyboard or mouse more often than girls and that their interventions would last longer. The results of this study show that boys did not intervene significantly more often than girls, nor were their interventions significantly longer. Both parts of the hypothesis can thus be rejected. Girls and boys in heterogeneous pairs intervened in the role of the navigator with approximately equal frequency and duration. These results contradict the assumption that girls feel that their gender identity is threatened when collaborating with boys on a robotics task and therefore hold back (Flore and Wicherts, 2015). One possible explanation is that the learning environment was designed so that girls no longer perceived the robotics task as masculine. Furthermore, the tendency of boys to dominate the keyboard (Underwood et al., 2000) was not reflected in the results of this study. Considering the Underwood et al. (2000) study did not use pair programming guidelines, the present result may be another indication of the positive effects of pair programming on collaboration.



Adherence to pair programming guidelines by gender composition (RQ4)

The fourth research question aimed to investigate the extent to which heterogeneous and homogeneous pairs would differ in their adherence to pair programming guidelines. We hypothesized that homogeneous pairs would change roles more frequently than heterogeneous pairs. Further we hypothesized that the total number of interventions by the navigator and the sum of the average intervention durations by the learners in a pair would be higher among heterogeneous pairs than homogeneous pairs. The results of this study show that homogeneous pairs did not switch roles more frequently than heterogeneous pairs. Therefore, the hypothesis can be rejected. Regarding the total number of interventions by the navigator, learners in homogeneous male pairs in Grades 7–9 intervened more frequently. This difference was significant, and the effect size can be considered high according to Cohen (1988). Among the other age groups, there were no significant differences based on gender composition. The hypothesis that learners in heterogeneous pairs would touch the computer keyboard or mouse more often than those in pairs with other gender compositions can thus be rejected.

The gender compositions also did not differ significantly in terms of the sum of the average intervention durations. The hypothesis that interventions would last longer in heterogeneous pairs than the pairs with other gender compositions can also be rejected. The research findings support studies that found no significant differences in compatibility between homogeneous female and male pairs (Choi, 2015) or between homogeneous and heterogeneous pairs (Zhong et al., 2016; Demir and Seferoglu, 2021). However, they are not consistent with studies indicating that heterogeneous pairs are less compatible than homogeneous pairs (Katira et al., 2005; Choi, 2015). Nevertheless, the results of the present video study cannot be directly compared to these findings because within the scope of this study compatibility was only measured indirectly. For example, female students in heterogeneous pairs have reported difficulties and conflicts, while those in homogeneous pairs have reported good compatibility (Choi, 2015). In contrast, learner satisfaction was not analyzed in this video study. The assumption that girls benefit most from being in a group with other girls because homogeneous female pairs have the closest partnerships and communicate and discuss more (Zhong et al., 2016) cannot be confirmed in this study. The assumptions that gender identity takes a back seat to the development of competence in homogeneous pairs (Kessels, 2002; Faulstich-Wieland et al., 2004; von Ow and Husfeldt, 2011) and that girls may be more confident in homogeneous pairs (Kröll, 2010; Booth and Nolen, 2012) are also not supported by the results of this study.

Children and adolescents tend to have same-sex friends. The findings of previous studies suggest that partners who are friends perform less and collaborate less professionally (Demir and Seferoglu, 2021). Working professionally within the context of pair programming means adhering to the rules of this practice. The close friendship between same-sex learners may explain why homogeneous male pairs in Grades 7–9 were least likely to abide by the rules.



Limitations

Teachers self-registered their classes. Among other factors, the duration of the trip to the learning workshop and the teacher’s interest in computer science could have had an influence on this decision. Since the site of the learning environment was mainly accessible to school buildings in the city and canton of Lucerne, other cantons and rural areas were underrepresented. If the teacher was interested in the topic, it is possible that these learners have already been exposed to computer science topics in class. Classes that visited the learning workshop could therefore have had above-average prior knowledge in this area. It can also be assumed that learners behave differently in an out-of-school workshop than in the classroom. In addition, the cameras were highly visible in the learning environment. Learners may have found it socially desirable to follow the pair programming guidelines. Since it was a robotics workshop, the rules of pair programming had to be extended: the person who held the role of navigator also operated the robot. Therefore, the results of this study cannot be compared to pair programming studies without robots or with different role assignment frameworks, as interaction with the robot could be a confounding factor. Students were assigned to pairs based on research-guided criteria. Therefore, the results cannot be compared with studies in which learners were allowed to choose their own partners, randomly assigned, or assigned according to other criteria. Learners were instructed to switch roles after solving each subtask. Role switching was physically accomplished by changing places, which was not the case in all previous studies.



Research outlook

The purpose of this study was to investigate whether and to what extent being assigned to homogeneous and heterogeneous pairs would influence students’ collaboration during pair programming in a robotics workshop. In general, the results of this study seem to indicate that pair programming has significant potential to make robotics more gender-neutral. The clear role specifications in pair programming promote equality. However, based on the results of this study, it is not possible to recommend a specific gender composition. Further research is needed. In this study, only quantitatively measurable indicators of collaboration were considered. A full assessment of collaboration in pair programming based on gender composition would also require qualitative considerations. For example, research shows that good communication is critical to the success of pair programming. It would be interesting to know if one partner dominates the conversation, what the pairs discuss, and which pairs best adhere to the research recommendations for communication in pair programming. In addition, it would be worthwhile to take a closer look at the groups that scored highest on the quantitative assessment. This would allow the researchers to review the quantitative ratings and identify best practices. Furthermore, future research could survey learners to determine which gender composition they are most comfortable with or ask them about compatibility problems, as in other studies. In addition, individual learners could be studied. For example, it would be interesting to see if an individual intervenes more often if they already have programming skills. Due to the camera position, neither the activities on the screen nor those on the activity-based playground mat could be studied. Therefore, with the video footage available, it was not possible to analyze the full interaction with the robot. Future research could address this gap, as there have been few studies investigating pair programming when working with robots. For example, it could be studied whether one partner touches the robot more often than the other.
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