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Abstract 

     A large gender gap exists with who designs and 
produces new computer technology; men overwhelmingly 
dominate the field. Studies have shown that women are 
more likely to pursue and persist in computer science  
when they have the confidence to problem-solve and 
explore without fear of breaking the computer, see social 
aspects of computing, and see a value to computing 
consistent with their self identity. Pair programming, 
developed for use in software design as part of the 
extreme programming methodology, puts two people 
working together at all phases of software development. 
Pair programming is also a collaborative, instructional 
approach, shown to increase learning, investment, and 
interest in computer science among both male and female 
university students, in particular females. We are studying 
pair programming with middle school girls for the 
purpose of devising a controlled study of the benefits. 
This paper will describe how we have implemented pair 
programming in the middle school environment and what 
we have learned so far about how this approach may 
benefit girls. We describe our current strategies so that 
others may use this collaborative approach both for 
experimentation and for practical application.  
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Introduction 

Currently, there are no gender differences among 
computer users in the USA [1] but a large gender gap 
exists among computer producers; those who design and 
produce new computer technology are overwhelmingly 
male. The lack of women producers and leaders in 
technology is partly attributable to early gender 
differences in interest in computing, resulting in 
differential participation in higher education. For 
example, in preschool, boys and girls have a similar level 
of interest in computers [2], but around fifth grade, boys’ 
interest increases and girls’ interest decreases [3, 4, 5, 6]. 
A study of 2,500 8th-11th grade students in Silicon Valley 
(USA) found that 23% of females and 42% of males are 
interested in a technology career [7]. Gender differences 
continue throughout school into the choice of career. 
Females and Hispanics are the least likely to be interested 

in or aware of high tech careers [7]. From 1988 to 1997, 
the proportion of computer science (CS) bachelor’s 
degrees earned by women in the Silicon Valley local area 
colleges and universities declined from 33% to 29% [8].  

Research cites several factors that might explain the 
gender gap in STEM (Science, Technology, Engineering, 
and Mathematics) studies. First, compared to boys, girls 
are less confident, and less likely to see computers as 
useful [9]. Second, girls are less likely to pursue and 
persist in a high tech career because they tend to believe it 
involves solitary work, entails competition rather than 
collaboration, and has little social value [10,11,12]. A 
third factor is how  males and females react differently to 
challenges on the computer—among those with high 
levels of computer anxiety, females are more likely to 
drop out of CS courses, while males are more likely to 
persist [13].  

Research also shows that females consistently 
underestimate their level of computer fluency in relation 
to men. The US NRC [14] defines computer fluency as 
the ability to understand and use information technology 
(IT) productively and to adapt to changes in IT, all of 
which require a deeper understanding and mastery than 
simply being computer literate. The perception by women 
of their lack of computer fluency dissuades them from 
engaging with computers in ways that would further 
improve their fluency.  

There are many research-based recommendations 
about how to increase girls’ initial participation, and 
continued retention, in STEM studies. Overall, people 
agree that increasing girls’ skills is not enough [15]; there 
is a need to change systems to make technology more 
interesting and relevant to all racial and ethnic groups and 
to retain boys’ interest levels. Some suggest offering 
hands-on experiences and real world applications, such as 
linking course material to improving the world 
[16,17,18]. Others suggest offering computing in a range 
of classroom settings, thus challenging stereotypes about 
who computes [10]. Cassell [19] suggests it is important 
to allow girls to collaborate while constructing a social 
identity and attaining computer fluency (p. 299).  

Pair programming is a promising approach that has not 
been tested before at the middle school level. It was 
developed for use in the software methodology called 



extreme programming by Kent Beck and his colleagues, 
Ron Jeffries and Ward Cunningham, and puts two people 
at one computer station [20]. One person acts as the 
“driver” and works the keyboard and mouse. The other 
person acts as a “navigator” who guides his or her 
partner, actively choosing the best methods for coding the 
software, while simultaneously scanning for errors in the 
code. After a period of time designated by the partners, 
these roles are switched. Code that is created by only one 
of the partners needs to be collaboratively reviewed for 
inclusion or redone. Pair programming has been used in 
industry to increase productivity and in education to 
increase learning [21,22].  

Research involving over 500 students at the university 
level suggests that pair programming holds promise for 
increasing women’s participation in STEM courses and 
careers. Pair programming in introductory CS courses, 
CS1 and CS2, resulted in greater course completion and 
pass rates for all participants. Performance on 
independently taken exams was just as good for those 
who worked in pairs as those working alone [22]. The 
findings were particularly dramatic for women. A key 
finding is that confidence, satisfaction, enjoyment in the 
experience of programming, and persistence in pursuing a 
CS-related major were all higher for those who work in 
pairs [22].  In fact, pair programming appears to hold 
promise for closing the gender gap in CS.  Three 
academic quarters after their study, McDowell et al. [22] 
looked at whether students who had participated declared 
a major in CS. Significantly more women from the pair 
section went on to declare majors in CS than those in the 
solo section. These results indicate that pair programming 
increases learning, investment, and interest for both men 
and women, and that these increases are more dramatic 
for women. 

Pair Programming in CS1[22]
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An increasing number of university instructors are 

trying pair programming. Some are doing so 
scientifically; others are doing so informally. To date, all 
of the pair programming studies have some positive 
impact on enjoyment or performance and none have seen 
a negative impact (a bibliography on pair programming is 
at www.cse.ucsc.edu/~brianh/PairProgramBib.html). 

There are several reasons to believe that pair 
programming has the potential to increase computer 
fluency and enhance a computer identity for middle 
school students, consequently increasing their 
participation and persistence in STEM. First, pair 
programming allows for interactions with a peer, 
increasing enjoyment and challenging the belief that 
computing is a solitary activity.  It demonstrates the social 
value of IT by emphasizing the importance of 
collaboration in working with computers, an importance 
often unrecognized by women looking at careers in IT. 
Second, when done correctly, pair programming promotes 
dialogue about the learning process so that students must 
articulate concepts about, and take ownership of what 
they know as they work with their partner to program 
together. This kind of dialogue has been reported to 
increase conceptual understanding [23]. Third, pair 
programming allows participants to learn other students’ 
strategies for programming and problem-solving, and 
requires students to negotiate ideas and preferences with a 
partner. Fourth, in pair programming, students learn to 
share tasks with another person on the computer, a 
fluency skill that is highly valued in the high technology 
industry.  Pair programming can also help teachers with 
limited computers to overcome this major barrier to 
integrating technology into classrooms. 

We expect that the benefits will be even greater for 
girls, as working in pairs directly addresses some of the 
barriers to female participation in STEM. In addition, 
when working in partnerships with others of unequal 
skill, girls are more open to renegotiating the role of the 
novice as her skill increases [23]. 

Previous research suggests that students will benefit 
more from same gender pairs than they do from mixed-
sex pairs, and more from self-selected partners rather than 
randomly chosen partners. Several problems can arise in 
mixed-gender pairings at this age level. For example, a 
study of seven and nine year-olds found cross-sex 
antagonism and found that boys dominated the computer 
[24].  In another study involving LEGO/Logo projects, 
researchers found more collaboration within all girl 
groups than in mixed gender or all boy groups at the 
middle school level [25]. Research on older students 
suggests that in mixed sex pairs or teams, men take 
control of the technology components. As a result, the 
men are perceived by others as the most skilled, even 
when they are not [26]. Also, when working with two 
mice but only one cursor on one computer where transfer 
of control between the mice needs to be negotiated, the 
protocol used to gain control of the cursor appeared to be 
gender dependent. The mice were modified to receive 
transfer of control messages from the right mouse button. 
Boys preferred and were much more successful at their 
given task using a ‘take’ control passing protocol. The 
‘take’ protocol passed control to whoever pressed the 
rightmost button. Conversely, it was found that girls 
preferred and were much more successful at their given 
task using a ‘give’ protocol. The ‘give’ protocol passed 



control to the partner when the rightmost button was 
pressed. This research suggests that the mouse control 
protocol used for successful collaborative work is 
distinctly different and is gender dependent [27]. Azmitia 
gives three reasons for using friendship based 
partnerships. First, in the face of complex tasks, 
collaboration between friends lasts longer than between 
acquaintances. Second, friends collaborate using 
dialogues where they build on each other’s reasoning, 
which improves problem-solving accuracy. Third, friends 
are more open to increasing the role of the novice in pairs 
of unequal skill [23]. Self-selected partners will promote 
friendship based partnerships. 

The potential of pair programming is supported by a 
body of research on university students using pair 
programming and by a small body of research on girls 
working together in computing or other technology 
projects. In a study of 9-13 year olds, pairs who worked 
together on one computer were more successful at solving 
computer puzzles and more motivated to continue playing 
than solo players or children playing on two side-by-side 
computers [28].  Another study suggests that 
collaborative learning is useful for helping girls learn 
complex software. The GREAT project at the Miami 
Museum of Science has seen small teams of two or three 
girls work successfully with complex 3D modeling 
software [29].  
 
Middle school and pair programming  

In this section, we describe our efforts to implement 
and study pair programming with middle school girls. 
This research is based in an after-school and a summer 
program where middle school girls program computer 
games using Macromedia’s Flash. Using Williams and 
Kessler’s paper [30] as a starting point, and observations 
of the middle school girls in our program and 
observations of university students practicing pair 
programming in an introductory programming course, we 
have identified several behaviors that we believe are 
essential for effective pair programming at the middle 
school level. These include: sharing time using mouse 
and keyboard; sharing decision making; the navigator 
playing an active role and guiding the driver by pointing; 
asking each other for clarification and confirming 
understanding; and using the words “we” and “us” to talk 
about the decisions and work. We have found that most 
girls work well paired, but benefit further from basic 
instruction on pair programming and from support in the 
form of adult coaching and modeling, and positive 
feedback from both peers and adults.  

In our current project, we use game design and 
production as a strategy to gain the interest and 
investment of girls. The girls participate in activities 
designed to increase their knowledge about high 
technology careers, and they work in pairs on the 
computer to create games using Flash, an environment for 
creating rich multimedia software. Girls use an object-
oriented programming language based on the Java 

programming language that exists within Flash. See 
http://webtecc.etr.org/gcgweb/protected/login/splash.cfm 
for the games. We are collecting process data from the 
girls in the program in order to assess their identity 
development, problem-solving styles, and experience 
with pair programming. The data collection methods 
include interviews, activity sheets, electronic notebook 
entries, and observations of pair programming. 
 
Our strategies for pair programming 

As discussed earlier, our observations have enabled us 
to identify some characteristics of effective pair 
programming. We have also developed, tested, and 
refined instructional strategies that can be used to train 
and support children to work in pairs. These include role 
modeling effective and ineffective pair programming, 
having girls identify pair programming rules, and publicly 
recognizing effective pair programmers of the week. 

Our role modeling activity consists of two scripts, one 
each for ‘bad’ and ‘good’ pair programming behaviors, 
‘performed’ by the program leaders. We start with the 
‘bad’ script. When done with both, we ask the students to 
identify pair programming rules. The rules that are 
identified by the students are built into a large poster, 
signed by the students, and displayed on the wall in the 
computer lab for the rest of the program. The scripts 
follow. 
A 
 

Okay, we’re going to start the first skit. This skit 
shows bad pair programming, so watch carefully to 
see what NOT to do. I’m going to start as the driver 
and B is going to be the navigator. 

B NAV: (NAV is sitting or standing directly in front of 
the keyboard and mouse. This will make it difficult 
for DRV to reach.).Hey A … 

A DRV: Hi B… Ummm… B, could I be the driver first 
today? 

B NAV: Okay. 
A 
 

DRV: (NAV doesn’t move, so DRV has to reach 
across her body to use the keyboard and mouse.) All 
right, I’m ready. (to NAV) I missed the last session. 
What do I need to build in the game today? 

B NAV: (Stares at the ceiling, looks at nails, watches 
other people) I dunno… 

A 
 

DRV: (Angrily) God, you’re so stupid. (Reaches 
across further to get the pair’s binder) 

B NAV: (Still staring at the ceiling, looking at her 
nails, watching some other girls) (Under her breath) 
WhatEVER... 

A 
 

DRV: Let’s see... I need to put a button on my 
Welcome page. (Starts clicking away-she’s opening 
the library and looking at buttons)(To herself) That 
one is ugly...That’s nice...ugly...cool. So it’s the 
pretty green button or the cool flashing one... I like 
the flashing one. (Clicks some more, placing the 
button on the stage(Half to herself) Wouldn’t it be 
cool if the buttons on my game looked like people, 
so when I click them I could hear them tell me what 



my choices are? (Looks at NAV, then shrugs.) 
B NAV: (Gets up from her seat and walks over to 

audience...) Hey, are you going to the movies 
tonight? (Waits for an answer. If girls in the audience 
don’t respond, NAV shrugs her shoulders and says...) 
WhatEVER... (Turns and starts paying a LITTLE 
more attention to DRV). 

A DRV: (To herself) Now I’ve got to put ActionScript 
on the button to make it go to my credits page... 

B NAV turned DRV: No STUPID, you have to make a 
new layer first! Here, let me do it! (Leans in and 
takes over the mouse and keyboard. She adjusts the 
computer equipment and “boxes out” her partner.) 

A Now the NAV: (Watches disinterestedly for a while.) 
(Half to herself) I had an idea for the buttons but I 
can’t remember what it was... 

B DRV: (Under her breath) WhatEVER… 
 (Girls are instructed by an adult to get up from seats 

and switch roles but these two don’t) 
B DRV: (Talking to the adult) We already switched... 
A NAV: But I didn’t get my full turn -- 
B DRV: WhatEVER… 
 
A Okay, now we’re going to do the second skit, and 

show you GOOD pair programming. (Carrying 
binder, she walks up to her partner and in a friendly 
tone) Hi B! 

B Hi A. (Concerned) Where were you on Tuesday? 
A I was sick. 
B Bummer. Well, why don’t you drive first today. 

(Moves over so her partner can sit in front of the 
computer. The mouse and keyboard are STILL in 
FRONT of her.) 

A DRV: (Sits down in front of the monitor.) Cool. 
B NAV: Let’s put the keyboard and the mouse where 

you can reach them, okay? (She moves the mouse 
and keyboard over to her partner.) 

A DRV: (Positions the keyboard in front of her and 
makes sure that the mouse is on the side AWAY from 
the navigator.) 

B NAV: Is my chair okay here? I want to show you 
what I did on Tuesday. 

A DRV: Yeah, that’s fine. LET’S turn the screen so 
you can see...  (Adjusts screen.) How’s that? 

B NAV: Good. 
A DRV: Oh, and here, I got our binder out of the 

closet. (Hands the binder to B) 
B NAV: Thanks. (NAV opens up the binder to the 

flowchart) Here, LET’S open it to the flowcharts for 
right now...   

A DRV: (Gives an affirmative nod) 
B NAV: ...but help me remember that I wrote some 

ideas in our design notebook that I want to show you 
later, okay?  
(Alternately pointing at the screen and looking at her 
partner) Go ahead and open our game file...no, that 
folder... yeah. See how on Tuesday I made a new 

scene for us and called it “welcome,” ‘cause it’s 
going to be the first scene that someone will see 
when they play our game. (Alternately pointing at 
the screen and looking at her partner) See how I 
typed in the direction for our game? I used the text 
that they gave us. I put it on its own layer and I 
called it “directions.” 

A DRV: (Alternately looking at the screen and at her 
partner) How come you didn’t just call it “text” like 
we did before? 

B NAV: Well, see, that’s one of my ideas.  (Alternately 
pointing at the screen and looking at her partner) 
Look at what I wrote in our design notebook. Since 
the directions are the same for everybody’s game, I 
thought it would be cool if we made our directions 
DO something, you know, like flash different colors 
or something? I thought it would make sense to put 
the directions on a separate layer from other text, like 
the title of our game. What do you think? 

A DRV: I like it. So what are we doing on our game 
today? 

B NAV: Let me look at the assignment sheet...  We 
have to put a button on our welcome page. We’re 
going to make it so when someone clicks on the 
button, it takes them to our credits page, where they 
can see our names, because we’re the fabulous 
builders of this game!  Let me get out the flowchart 
about buttons from Tuesday. ( Pointing at the screen 
then looking at her partner) Okay, so we need to go 
up to windows and click, no click and hold it down, 
yeah, like that. Now click on common libraries and 
then on buttons. Now we can click on any of these 
buttons... No, on the little symbol there... yeah... and 
we can see what they look like. When we find one 
we like, we can drag it on to the stage 

A DRV: Okay, I’m clicking on different buttons to 
look at them... (Clicks and shows several buttons.) 
How about this one? (Points to the screen)  It looks 
just like a button on an arcade game. See the 
shading, it looks real. 

B NAV: I don’t like the color. How about the same 
button, but in red? 

A DRV: I like the green one better, but...okay. How do 
we put it on the stage? 

B NAV: Just click on it... no click and hold... now drag 
the button on to the stage. 

A DRV: Okay, I’m clicking, holding... dragging...  
(Looks at her partner when she asks the question.) 
How about here? 

B NAV: That’s pretty good. We can just drop it and 
we’ll move it later. 

A DRV: Okay, I’m dropping it -- 
B NAV: (Interrupts) Wait, wait, wait! We forgot to 

create a new layer! 
A DRV: Ohhh, that’s right. Okay, I’m inserting a new 

layer and then we’ll name it “button...” 
B NAV: Good job! 



 (Girls are instructed by an adult to get up from seats 
and switch roles. Both get up out of their seats, high 
five and switch places.) 

B DRV: Okay, now we can drag the button on to our 
stage...(Starts clicking, then stops) Hey, you didn’t 
get to finish. Do you want to drive a little longer? 

A NAV: No, it’s okay, I’ll get another chance later, 
or... (casually) whatever... 

 
The following is the list of rules that we have built into 

the pair programming scripts and into all other 
instructional materials that we provide for the instructors 
and the students.  

Rules for Pair Programming 
1. The driver operates the key board and mouse. 
2. The navigator follows what the driver is executing on 

screen and prevents mistakes. The navigator is in 
charge of programming language reference materials.  

3. Positions: The driver is in front of the keyboard with 
the mouse in hand. The mouse is positioned on the 
side of the keyboard furthest away from the 
navigator. The screen is angled so the navigator can 
clearly view it. The navigator positions her chair so 
that she can clearly see the screen and reach it to 
point. The navigator has reference materials 
organized on the available table space to ensure easy 
access. 

4. Partners physically get up and move positions when 
switching roles. 

5. Partners pay close attention to each other when pair 
programming, including: looking at each other when 
talking and listening carefully. 

6. Partners work hard to make sure each person 
understands what is being created, including: driver 
checks for agreement on operations before executing 
on the screen; partners point at the screen to support 
clear communication; drivers describe what they are 
doing while executing on the screen; navigators show 
notes recorded in the design notebook to the driver to 
check for agreement; if one partner is absent, then in 
the subsequent session, that partner gets a description 
of the work completed while she was absent; a 
partner who was absent during the previous session 
starts off as driver in the current session which 
renews absent partner’s sense of ownership. 

7. Partners are respectful of each other: navigators do 
not handle the mouse or keyboard; drivers do not 
grab for reference materials; disagreement is natural 
and should be resolved respectfully. 

8. Partners share ownership over the project. 
9. Partners help each other, create opportunities for 

each other to learn, promote trading off of pair 
programming roles, share the creation of their 
project.  

 
Results and future work 

Our initial results suggest that pair programming holds 
promise for engaging and sustaining the interest of middle 
school girls in becoming producers of technology. Results 
from the electronic notebooks and from individual 
interviews suggest girls saw both the benefits and 
challenges of working in pairs. One girl described what 
she liked about working with a partner: “I liked that she'd 
have ideas too.  Like if I couldn't figure something out 
she could tell me that this was there and that wasn't there.  
I also liked the fact that if you weren't there on time or not 
able to figure something out, she could do it.” 

Students also respond to questions in an online 
notebook. Included here are two pairs’ responses to the 
question: "Please describe what it is like to work with a 
partner on the computer. Do you like being the navigator 
or the driver? Why?" We think these responses are 
similar to most that we receive.  

“We like working with a partner (duh we're best 
friends) and since I'm a fast typer and she's quick on 
the other programming stuff and we both give good 
directions and listen to each other we like both driver 
and navigator!”  

This previous response was a collaborative response 
signed by both members of one pair. The following 
response was separated into two pieces with each 
student’s name after the part they authored. 

“Sometimes it's good to have a partner because they 
can help you when your lost, but sometimes it can be 
irratating. I like to be the driver. I chose that because 
it's fun to be driver.”  “ I also like to be driver. I 
admit that I'm kind of a mouse-grabber. I do slip up, 
so I'm glad to have a navigator sometimes, even 
though I have to share the mouse (gasp!)”  

The concept of “intrepid exploration”, a term coined 
by Sherry Turkle [31], has emerged from our current 
project as a useful way to address the gender gap in 
STEM. Our data show that the process of pair 
programming and game design may increase exploration 
and problem solving on the computer. Self-report data 
from activity sheets suggest that what girls like least 
about computers at the start of the program is problem 
solving. But after working in a pair with her best friend, 
one girl stated, “I never really used to like computers and 
now I don’t like really hit the computer when I’m mad. I 
sort of try and find out what’s wrong.”  

What remains to be explored is whether: 1) the 
effective pair programming behaviors we have observed 
contribute to improved performance with, and interest in, 
computers, 2) whether the set of effective collaborative 
behaviors is the same for boys and girls, and 3) whether 
these behaviors look the same in a classroom setting as 
they do in an after school setting. We plan to explore 
these questions in future research.  
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