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ABSTRACT
Women continue to be underrepresented in computer science. Previous research has identified factors that contribute to women’s
decisions to pursue computing-related majors, but in order to truly
address the problem of underrepresentation, we need to develop
a deeper understanding of women’s experiences within computer
science courses. Pair programming is demonstrably beneficial in
many ways, and we hypothesize that there are gender differences
in student perceptions of this widely used collaboration framework.
To explore these differences and move toward a thorough understanding of students’ experiences, this paper investigates students’
written responses about their experiences with pair programming
in a university-level introductory computer science course. Using
thematic analysis, we identified overarching themes and distinguished between what men and women reported. Both women and
men wrote about their overwhelmingly positive perceptions of pair
programming. Women often mentioned that pair programming
helps with engagement, feeling less frustrated, building confidence,
and making friends. Women also noted that it is easier to learn
from peers. These findings shed light on how pair programming
may lower barriers to women’s participation and retention in computing and inform ongoing efforts to create more inclusive spaces
in computing education.
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INTRODUCTION

The need for qualified talent in STEM is high and projected to
increase [22]; yet women continue to be underrepresented in these
fields [23]. While some areas in STEM have shown good response to
efforts toward gender equity, computing lags behind, with women
representing just 26% of the computer and information sciences
workforce and African American and Latina women representing
less than 16% [23]. This disparity is in place by the time prospective
professionals graduate: Of all graduates from computer science and
computer engineering bachelor’s programs in the United States,
just 18% are women [24].
Many women are discouraged from pursuing education and careers in computing for social reasons: they may not feel a sense
of belonging and identification with the field [9], or they may desire more social support from peers than the class style allows [6].
Promising work has already identified practices that address these
roadblocks and improve women’s interest and persistence, such as
group learning [10, 12] and pair programming [15]. The pair programming paradigm, where two programmers work together on
the same code, not only produces higher quality code and promotes
a more efficient work process [8, 13, 18], it also offers structured collaboration with peers [16, 17] and improves interest and retention
for undergraduates, including women [14, 15].
As a matter of equity in opportunity, research is needed to understand and address the causes of the gender gap in computing. Quantitative research has been used to evaluate pedagogical approaches
[10, 12] and investigate hypotheses about students’ attitudes, beliefs,
and traits [19, 20] as they pertain to this issue. Qualitative work
offers a human-focused perspective into the unique experiences of
individuals: for example, it has characterized the social contexts of
computer science learning [11] and contrasted the attitudes and opportunities of women both in CS and who have left the field [9, 21].
Thematic analysis of written data is a promising qualitative approach because it captures details of individuals’ unique reflections

and uses these to identify important factors in the phenomenon of
interest. The technique has been used to characterize perceptions
of pair programming in general [4], but has not yet been used to
contrast the firsthand accounts of male and female students in pair
programming activities.
This paper advances the field by identifying potential factors influencing gendered perceptions of computer science coursework at
the undergraduate level. It does so through a qualitative analysis of
104 open-ended survey responses from students in an introductory
course for computer science majors. The central question asked is,
what differences do we observe in men’s and women’s perceptions of pair programming? By identifying themes in students’ perceived advantages and disadvantages of pair programming and examining which students reported these themes, this
study supports hypothesis-forming for future work on advancing
equal representation in computing fields.
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RELATED WORK

The factors impacting women’s interest [5, 19] and persistence
[9, 21] in computing-related majors are predominantly cultural
and societal. In an interdisciplinary critical review, Cheryan and
colleagues [7] point to the intersection of a masculine culture and
a lack of opportunities for early exposure as the key roadblocks to
girls’ and women’s interest in pursuing computer science. Qualitative research indicates that a supportive peer community plays
an important role in persistence and identity formation in computing [9, 21]. Cultural perceptions of computer science frame the
field as solitary work, leading learners to believe that they will not
find sufficient support from their peers in the classroom [6]. Moreover, underrepresentation perpetuates itself by leaving women who
do choose computing careers feeling alienated and vulnerable to
stereotype threat and impostor syndrome [21].
Pedagogical strategies have the potential to mitigate these problems. Pair programming, a widely-implemented practice in both
classrooms and professional environments, is one such intervention.
In pair programming, two coders share one computer: they take
turns in the role of driver, who operates the computer, or navigator,
who is free to read the code and suggest actions. Students working
in the pair programming paradigm demonstrate improved code
quality, and they work more efficiently [8, 13, 18]. The structured
collaboration that pair programming offers may be the reason it
can lead to better course retention than individual programming
work alone [16, 17]. Prior research has evaluated excerpts related to
pair programming from CS1 students’ open-ended, end-of-semester
reflection papers and found themes of a cognitive, affective, and
social nature [4], but to our knowledge has not taken a qualitative approach to understanding the unique experiences of men and
women in CS1 pair programming. This study, which takes as data
student responses to open-ended questions directly inquiring about
pair programming, expands on previous work by comparing the
themes that predominated among female versus male respondents.
It could be expected that women might appreciate pair programming in more or different ways than men. Our work explores this
possibility by looking at patterns in the advantages and disadvantages of pair programming that men and women reported during
an introductory computer science course.

Table 1: Prompts included as part of the students’ quiz.
(1)
(2)
(3)

How does your experience in the class so far compare to
what you were expecting?
Describe your relationship with the partner you had for
labs 3-5 (Selection, Hex Decoder, Debugging Version Control).
In what ways do you think pair programming impacted
your learning?

3 DATA AND METHODS
3.1 Course Context and Participants
This study was conducted within an introductory computer science
class at a large public university in the Southeastern United States
in Spring 2018. The course was taught using the Java programming
language and was a required course for majors in computer science
and computer engineering. Students had lecture twice a week for
a total of 150 minutes of instruction. Labs, each administered by a
teaching assistant (TA), were held once each week for two hours in
classes of 25 or fewer students. There were 411 students enrolled in
the course, 29.7% of whom were women. 187 students consented to
the collection of their course data for research purposes. Consenting
students did not receive any incentives for their participation, and
there were no penalties for students who did not participate in the
study. The demographic survey included the question, "I identify
my gender as", with the options of "Female", "Male", "Other", and
"Prefer not to answer". 129 of the consenting students reported
their gender in the demographic survey, and 106 of those students
submitted responses to the prompts regarding pair programming.
After removing two blank prompt responses, there were 104
prompt responses analyzed in total. The authors of those responses
were 38 women (36.5%) and 66 men (63.5%). None of the participants selected "Other" or "Prefer not to answer" for the gender
identity question. The race/ethnicities of the participants were
White/Caucasian (40.4%), Asian/Pacific Islander (18.3%), Multiracial
(16.3%), Hispanic/Latino (14.4%), Black/African-American (7.7%)
and unspecified (2.9%). The students’ majors were Computer Science (34.6%), Computer Engineering (19.2%), other Engineering
(25%), and other (21.2%). Levels of prior experience differed markedly
by gender, with 59.1% of male participants reporting prior experience programming and only 18.4% of female participants reporting
programming experience before the course.

3.2

Procedure

At the beginning of the third lab session, students were introduced
to pair programming and assigned partners with whom they would
work for the next three lab sessions. Students were paired based
on consent to the study and based on gender (to ensure there were
some female-female pairs, male-male pairs, and mixed pairs). Due
to student absences, some students may have had more than one
partner throughout the three lab sessions. Additionally, if lab sections had an odd number of students, a trio was formed so that
no student worked alone. Assignments for labs 3 and 4 involved
writing a program and were conducive to pair programming. Lab
5 was a tutorial and did not involve submitting any code. For this
lab, students worked on their own computers but referred to their

partners if they needed help. After completing their fifth lab, students were given three short-answer prompts (Table 1) to complete
at home as part of their weekly quiz grade. A minimum of 100
words was required for each prompt, and students were informed
they would be graded only for completion. This paper reports on
responses to prompts 2 and 3, which inquire about the students’
feelings towards pair programming and their partners during lab
sessions.

3.3

Table 2: Reported positives and their corresponding theme
with counts and percentages of men and women who mentioned each code within their response.

Data

There were 106 submissions for the prompts from consenting students who reported their gender in a demographic survey. From
those submissions, two were removed: one whose responses to
prompts 2 and 3 were blank, and the other whose response to
prompt 3 was blank. The remaining 104 responses had an average
word count of 114 for prompt 2 and 118 for prompt 3, with an
aggregate average of 232 words. The minimum response length for
prompt 2 was 11 words, while the maximum length was 232 words.
Prompt 3 had a minimum response of 14 words and a maximum
response of 305 words. In aggregate, the shortest response was 25
words long and the longest response was 485 words long.

3.4

Methods

Following the qualitative research methodology of thematic analysis, three researchers collaboratively coded the positives and negatives of pair programming mentioned in each student’s aggregate
response. Thematic analysis is a method used for organizing qualitative data into themes which relate back to the research question [2].
We used a bottom-up approach, allowing our data to directly inform
the themes based on codes which were created to summarize the
students’ main points. The process was as follows: (1) Researchers
independently read the student’s response and recorded every positive and negative aspect of pair programming mentioned; (2) Researchers discussed the positives and negatives they recorded for
that student until reaching a consensus; (3) Any positives and negatives not previously mentioned were added to a spreadsheet as a
new code. To perform the thematic analysis, the codes were grouped
by similarity and then themes were determined by summarizing
the codes within each grouping. Any themes which overlapped
extensively were combined, and grouping was complete once the
three researchers agreed that the remaining themes were distinct
from each other.
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RESULTS

Thematic analysis resulted in 52 codes, of which 31 were positive
and 21 were negative. These codes were organized into 16 themes:
seven positive themes and nine negative themes, as shown in Tables
2 and 3, respectively. Due to the interrelated nature of the topics
and phenomena discussed in the responses, there is some overlap
between the themes reported. Similarly, some codes may fit within
more than one theme but are reported under the theme which the
researchers felt was most relevant.

4.1

Positive Perceptions of Pair Programming

From the 104 student responses, 98 students expressed at least
one positive sentiment about pair programming, for a total of 334
positive sentiments. Seven themes emerged from these reported

benefits, as shown in Table 2: improve learning experience, career
skills, positive atmosphere, networking, efficient/productive, more engaged, and personal gain.
4.1.1 Improve Learning Experience. The most common theme observed was improving the learning experience, with 86 student
responses mentioning at least once that pair programming improved their learning experience. Note that this theme may have
been primed by the wording of prompt 3, resulting in the high
number of student responses under this theme. Specifically, the

most common codes from this theme (and overall) were someone
to ask questions and discuss ideas, with over 50% of both men and
women mentioning this benefit, and improves understanding and
learned new things, with over 40% of students mentioning this benefit and over 50% of women in particular. On more occasions than
women, men reported the benefit of reinforcing their knowledge
by explaining to their partner. Receive feedback, better recollection of
material for the future, and introduced to new resources were codes
derived exclusively from male students’ responses. On the other
hand, women exclusively wrote that it was easier to learn from
peers, with 5.3% reporting this perception. One woman wrote:
“...it’s always been intimidating or embarrassing for me to ask
for help from people that have much more experience than
myself. It’s nice having someone at my level to brainstorm
with, and they’re quickly accessible in comparison with a TA
that is responsible for the entire lab...”1
Another woman wrote:
“Having someone closer to my age than a TA makes it less
scary to ask questions and also provides me with a constant
form of encouragement.”
4.1.2 Career Skills. Men and women reported improvements to
career skills at similar rates, with over 20% citing the benefits of
learning to work together, and 15.4% specifically mentioning developing their workplace skills. One woman wrote:
“I think paired programming is a great idea because it helps
people learn how to work together on a program. All of these
skills are needed in the work place and will definitely impact
our future careers.”
4.1.3 Positive Atmosphere. Women attributed pair programming
leading to a positive atmosphere, specifically by reducing negative emotions like discouragement, frustration, and stress and by
creating an environment that was comforting, reassuring, and supportive. Men did not report this positive aspect of pair programming
as much as the women in this study. These women described the
relief they felt from pair programming:
“ Without a partner I am not sure if I would have been able
to complete the labs at all. Perhaps, it wouldn’t have been
impossible, but it would have definitely been stressful and
maybe so much that I don’t learn at all because I’d be focused
on trying to complete the lab only instead of understanding
what is going on.”
“I would feel incredibly overwhelmed if I had to complete
every lab alone. Having a friend by me to lean on when I have
a question is very comforting and makes me feel as though I
can program better. [...] I really hope we continue to do pair
programming as it has been a huge stress reliever as opposed
to doing them separately.”
4.1.4 Networking. Women reported meeting new people and making friends as a benefit of pair programming more often than men,
which points to its potential for mitigating the feelings of isolation
many women experience.
1 All

quotes are taken directly from the students’ responses and preserve any typos or
grammatical errors.

“It is also very nice to have conversation with someone during
the lab and makes it more enjoyable. I also like meeting people
in the class because without the pair programming, I would
probably not have branched out to converse with others.”
4.1.5 Efficient / Productive. Men commented on improvements to
the quality of their code and coding process, citing greater efficiency
and better identification of errors more often than did women. One
man wrote:
“At first when the students in my lab were all paired with
each other, I thought it might slow our learning. After a few
lab projects I started to realize that it was actually the exact
opposite.”
Another man wrote:
“I would much rather have a partner than not have a partner
because I don’t have to ask the TA for help as often and can
get the work done faster.”
4.1.6 More Engaged. While engagement was not referenced frequently by any students, women mentioned the theme of engagement more often than men. One woman described being more
motivated during lab:
“His own motivation to successfully complete the lab helps
me become more motivated to get the job done.”
Another woman described how her motivation to do well in the
course extends past the actual time spent pair programming:
“I also feel the need to study more which is a good thing
because I don’t want to be looked at as the ’weak link’ of the
pair so it definitely motivates me to try and understand more
and prepare for the labs more.”
4.1.7 Personal Gain. Interestingly, while few students commented
on personal gain, three women (7.9%) said specifically that pair
programming boosted their confidence while zero men reported
this.
“I think pair programming has provided me with everything
I need to gain a little bit of confidence and not give up or get
frustrated so easily when I can’t get my code to run properly.”

4.2

Negative Perceptions of Pair Programming

From the 104 student responses, 31 students expressed at least one
negative sentiment about pair programming, for a total of 56 negative sentiments. While student perceptions were positive overall, it
is important to investigate the negative perceptions to determine
how we might prevent these feelings in the future. Nine themes
emerged from these reported disadvantages as shown in Table 3:
unequal workload, inefficient, learn more alone, incompatible partner,
less hands on, less convenient, frustrating, one person’s style takes
over, and relying on someone else. Among these negative themes, a
few patterns were noticeable.
4.2.1 Predominantly female sentiments. Both men and women discussed an incompatible partner as a detriment to their pair programming experience, with women reporting it more frequently. This
was most often cited as simply "incompatibility", but two women
specifically said they felt they were burdening their partner, while

Table 3: Reported negatives and their corresponding theme
with counts and percentages of men and women who mentioned each code within their response.

“I think for the easier labs, paired programming has helped
me learn easier because I can do the coding for part of the
lab and then give the computer to my partner and watch and
learn from him. However, during the harder labs, it feels as
if paired programming is pointless in my case because my
partner is worse at coding then I am and thus whenever it is
his turn to code, it is still just me telling him what to write.”
One of these students had only negative things to say about pair
programming:
“I honestly think pair programming is stupid. I am always
more prepared than my partner, and I end up teaching them
the concepts. It is annoying and kind of a waste of my time. If
this class was curved, I would act stupid in front of my partner
and the do the lab at home. If I did the lab at home it probably
wouldn’t even take an hour, but instead I am forced to work
with someone and it takes 2 hours. I do not think that pair
programming has led to a positive impact in my education. It
has only led to the resentment of my lab partner.”
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DISCUSSION

Students’ perceptions of pair programming seem overwhelmingly
positive. Many men and women said that pair programming improved their learning experiences overall and that it led to a more
efficient and productive coding process while supporting the development of career skills. Students discussed negatives rarely. Some
gender patterns do appear in the themes reported that point to relationships between the benefits and disadvantages of pair programming in relation to the challenges women face in CS1 classrooms.
It is critical to note that women are not a homogeneous group with
one set of experiences (and neither are men). Each student brings
a unique set of past experiences, attitudes, skills, and personality
traits to the classroom. This analysis does not purport to generalize
about all women in CS or all women in this sample, but rather
to describe and discuss the diverse perspectives in our data in a
systematic manner.
no men reported this sentiment. One woman expressed her frustrations with having a partner that did not care to explain things to
her:
“But, in my experience, is also frustrating to work with someone who is at a different level of understanding of the subject
matter than you are. I understand how they may not feel obligated to try to explain things but it also does not help those
that are behind to work with someone further along and who
is unwilling to explain anything. And of course our partners
are just students so it isn’t really their responsibility to teach.”
Men and women both reported they felt they learned more alone,
but men gave almost no additional reasons for this, while a few
women elaborated on this point, citing difficulty focusing and challenges in transferring skills to independent work.
4.2.2 Predominantly male sentiments. A few men perceived pair
programming to be less convenient or that their partner was freeloading, but no women reported these issues. One student expressed the
freeloading as only hindering his experience when the labs were
more difficult:

Partners as Social Supports. Many men, but few women, cited
reinforcing their knowledge through explaining to their partner
as a benefit of pair programming (Table 2). This aligns with social
cognitive learning research, which has shown that explanation and
discussion helps to advance a student’s understanding. When students feel positive about explaining to less experienced partners,
this is likely to come across in their interactions. Some women’s
reflections link this dynamic to a positive atmosphere, mentioning
that working with a more experienced partner who "helps me understand" helped to build confidence and that a knowledgeable partner
is "less scary" to ask for help compared to a TA. Many women also
said that sharing the experience of difficulty and confusion with a
partner helped them feel more comfortable, less like "the only one
who does not understand something." Prior research has found that
women tend to have lower self-confidence than men when it comes
to computer science ability, even when controlling for quantitative
ability [1]. Providing a positive atmosphere where women feel less
discouraged, frustrated, and stressed is a particularly important
benefit for this reason.
Career Skills and Perceptions. While it is promising that some
students saw pair programming as a means to develop career skills,

many students did not make this connection or choose to mention
it. Misconceptions about computer science abound from popular
culture, including that programming is a solo activity and that
computer scientists lack interpersonal skills [6]. Pair programming
is an authentic way to battle this misconception. Prior research
has shown that women value careers that are people-oriented and
view computer science as lacking in that area [3]. In order to retain
women in the field, we need to ensure they are aware of the collaboration that occurs in industry and highlight the opportunities
within computer science that are more people-oriented.
Burden and Resentment. Among the few negatives that students
reported, women and men largely focused on similar threads: they
felt the process was inefficient, slow, and less hands-on (Table
4). However, there was one gender difference. Two women, but
no men, reported the feeling of burdening their partner, while
three men, but no women, said their partner was leaving them
to carry the weight of the work. The dynamics of the freeloading
phenomenon are worthy of further study: it may be that some
students are in fact just taking advantage of their partner; others
could be less-experienced students who might stay quiet due to
feelings of low confidence or intimidation, or students who feel
socially alienated from their partners. The feelings of burdening a
partner may be entirely self-reflective or could be responses to a
partner’s behavior; this phenomenon could also be investigated as
a window into students’ affective experiences.
Implications for Instructors. It is critical that students, especially
those that are underrepresented, feel welcome in the community.
Given that women reported social and affective benefits to pair
programming more often than men, instructional methods should
encourage social interactions which can aid in reducing negative
emotions. Several women valued having a peer to ask questions to,
saying it was not as intimidating as asking questions to a superior.
Lowering the barrier to receiving help has the potential to help
all students. Instructors should emphasize that asking questions is
part of the learning process to make students feel more comfortable
when reaching out for help. Providing multiple ways to receive help,
such as via an anonymous discussion board or through an assigned
study group, could lessen the intimidation some women feel. Additionally, we need to ensure that students are able to see the value in
working with others, regardless of their partner’s aptitude or prior
experience. Instructors should preface pair programming with a
discussion on how both parties can benefit from pair programming,
citing how students can reinforce their knowledge and improve
their communication skills.
Table 4: Six most common negative codes mentioned by
women versus six most common negative codes mentioned
by men.
Rank Women’s code
Rank Men’s code
1
2
2
2

Inefficient/Slower
Learn better alone
Incompatible partner
I am burdening partner

1
2
2
3

2
2

Less hands-on
Frustrating

3
3

Inefficient/Slower
Learn better alone
Work better/faster alone
Unequal workload
(partner freeloading)
Less hands-on
Less convenient

Limitations. As is the case in all qualitative research, the individual lenses through which researchers view the data influence the
themes that emerge. However, the methodology of collaborative
coding and discussion to consensus is designed to produce a reliable
labeling of the data that can be used for further analysis. Additionally, this class was made up of 20 in-class lab sections run by 13
teaching assistants. The variability in instructors and the number of
lab sections is a potential source for variability in the enforcement
of the pair programming paradigm.
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CONCLUSION AND FUTURE WORK

Our goal for this study was to understand how men and women
perceive pair programming in an introductory computer science
course. We analyzed 104 student responses about pair programming
and identified overarching themes as well as gender differences
within those themes. Both men and women had predominantly
positive sentiments about their experience with their partners and
with pair programming. They cited benefits of improved learning
experience, gaining career skills, and networking at nearly equal
rates. Benefits to social and affective well-being were reported more
by women, while benefits to the overall process of completing the
lab assignments were reported more by men. Only women felt they
were burdening their partner, and only men felt their partner was
burdening them or was freeloading.
Having assigned partners gives women the opportunity to ask
questions in a safe space. This is important not just for learning,
but for mitigating feelings of isolation, which are common for
women in CS courses. Future research should investigate other
ways to encourage students to use each other as resources. These
experiences may positively impact the culture in the classroom and
increase students’ sense of belonging.
The disadvantages of pair programming reported by students
stemmed largely from incompatible partners and preference by
some to work alone. Future studies should investigate voluntary
pair programming and methods for matching students. In their
responses, many students describe times when they might prefer to
work alone instead of with a partner. By understanding these situational preferences, we can scaffold pair programming experiences
to fit within these preferences.
Future work using additional data sources, such as video recordings, students’ discussion board or chat conversations, and project
and assignment artifacts are also needed to better understand and
support women’s interest, persistence, and success in computer
science. Prior research has analyzed dialogue between students
engaging in pair programming, and future studies should expand
on this work to look specifically at how student pairs collaborate
with respect to their gender composition.
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