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Pair programming (PP) is a usefulness approach to fostering computational thinking (CT) for young
students. However, there are many factors to impact the effectiveness of PP. Among all factors, the social
factors are often ignored by researchers. Therefore, this study aimed to explore the impact of two social
factors (gender and partnership) on PP in a primary school setting. To that end, we conducted PP ex-
periments in four classes from the sixth grade in a Chinese primary school. The research results indi-
cated: (a) there was no significant difference on compatibility among the gender pairs, but a significant
difference among partnership pairs; (b) there was no significant difference on programming achieve-
ment and confidence among different pairs, and girls became more productive and confidence in PP; and
(c) PP tightened up the partnership within pairs. These findings suggest that teachers should take
partnership into account as an important factor in PP or other collaborative learning, and adopt PP as an
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effective approach to decrease the gender gap in programming courses, and make students socialize.
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1. Introduction

Programming for K-12 can be traced back to the 1960s when
Logo programming was first introduced as an intellectual thinking
educational tool for teaching mathematics (Feurzeig, Papert &
Lawler, 2011). After Logo, the use of programming to teach
thinking skills in K-12 was scarcely reported. In recent years,
however, there has been renewed interest in introducing pro-
gramming to K-12 students (Grover & Pea, 2013; Kafai & Burke,
2013). This was fuelled by the availability of easy-to-use visual
programming languages such as Scratch (Brennan & Resnick, 2012;
Burke, 2012; Lee, 2010), Stagecast Creator (Denner, Werner, & Ortiz,
2012) and Alice (Bishop-Clark, Courte, Evans, & Howard, 2006;
Graczynska, 2010; Kelleher & Pausch, 2007).

During programming, students are exposed to computational
thinking (CT), a term popularized by Wing (2006). CT involves
solving problems, designing systems, and understanding human
behaviors, by drawing on the concepts fundamental to computer
science (Wing, 2006). The nuts and bolts in CT are defining ab-
stractions, working with multiple layers of abstraction and
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understanding the relationships among the different layers (Wing,
2008). Many researchers thought CT is a fundamental skill for
almost everyone in a digital age, not just for computer scientists
(National Research Council, 2011, 2010, pp. 3—4; Wing, 2006). More
importantly, CT is in line with many aspects of 21st century com-
petencies such as creativity, critical thinking, and problem solving
(Binkley et al., 2012). Thus, it is not surprising that many educators
claim that programming provides an important context and set of
opportunities to develop CT for K-12 students (Brennan & Resnick,
2012; Kafai & Burke, 2013; Lye & Koh, 2014; Resnick et al., 2009).

This revived interest in programming for K-12 settings suggests
a need to consider how CT can be fostered effectively via pro-
gramming. Studies showed that students taught with pair pro-
gramming (PP) performed better in CT than solo programming (Lye
& Koh, 2014; Werner & Denning, 2009; Werner, Denner, Campe, &
Kawamoto, 2012). The PP is a practice in which two people work
side-by-side at one computer, and intensely collaborate to create a
program. One is normally the “driver”, who is responsible for using
a computer to key in codes. The other is usually known as the
“navigator”, and takes the responsibility for observing the driver's
work and providing support by pointing errors or offering ideas in
solving a problem (Williams & Kessler, 2000).

In view of the usefulness to foster CT, we have used PP as a
pedagogical teaching technique in a primary school for two years.
Meanwhile, we identified some questions with putting PP in
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practice. One main question is how to pair up students to get
effective teaching, which is about how the variation of pair for-
mations may lead to different teaching results. There are several
factors to consider for pairing up students, including students'
skills, experiences, personalities, genders and partnership. In this
study, we focused on the social factors including gender and part-
nership when pairing up students in the PP practice.

2. Literature review

Many studies have showed that PP has obvious benefits over
solo programming, including but not limited to the aspects as fol-
lows. PP can (1) significantly improve individual programming
skills and promote productivity or program quality since it provides
students with a clearly defined method to help one another un-
derstand the context of the problem and to reflect on the contri-
bution of both programmers (Braught, Eby, & Wahls, 2008; Cliburn,
2003; Hannay, Dybd, Arisholm, & Sjeberg, 2009; Li, Plaue &
Kraemer, 2013; Tomayko, 2002; Williams & Kessler, 2000;
Williams, Kessler, Cunningham, & Jeffries, 2000); (2) reduce frus-
tration experienced by novice programmers, increase student
satisfaction, enjoyment, and foster positive attitudes in program-
ming (McDowell, Werner, Bullock, & Fernald, 2006, 2002; Bishop-
Clark, Courte, Evans, & Howard, 2006; DeClue, 2003; LeJeune,
2006; Preston, 2005); (3) increase retention of students (especially
for female students) in computer science courses (Li et al., 2013;
McDowell et al., 2006); and (4) emphasize the importance of
communication, teamwork, cooperation, and adaptability in a
technical environment to better prepare students to work as a team
(Cliburn, 2003; Williams & Kessler, 2000).

However, the above benefits do not occur automatically. Some
experiments and empirical studies reported contradictory results
to PP (Balijepally, Mahapatra, Nerur, & Price, 2009; Sfetsos,
Stamelos, Angelis, & Deligiannis, 2009). There were many factors
impacting the effectiveness of PP such as:

(a) Task complexity (Arisholm, Gallis, Dyba, & Sjoberg, 2007,
Hannay, Arisholm, Engvik, & Sjeberg, 2010);

(b) Partners' skills and experiences (Hannay et al., 2010; Lui &
Chan, 2006; Williams, Layman, Osborne, & Katira, 2006);

(c) Partners' learning styles (Salleh, Mendes, & Grundy, 2011;
Williams et al., 2006; Zualkernan, Allert, & Qadah, 2006);
and

(d) Partners' personalities and temperaments (Choi, Deek, & Im,
2008; Hannay et al., 2010; Katira et al., 2004; Sfetsos et al.,
2009; Thomas, Ratcliffe, & Robertson, 2003; Williams et al.,
2006).

The factors (b), (c) and (d) are directly related to the pair for-
mation. For example, students seemed to do their best work when
paired with students of similar levels of self-esteem (Thomas et al.,
2003). We found, however, that most of these empirical studies
were based only on competency or personality factors, largely
ignoring the social factors (gender, partnership, race, and culture
etc.) involved. This one-sided consideration possibly induced in-
adequacies in the pair formation selection, and illustrated an
incomplete picture for PP.

In a family of newer studies, social factors especially gender
aspect were included in the experiments' variables system. Choi
(2015) claimed that one particular topic that has not received
much attention is the gender topic which is about how men and
women interact and collaborate in programming and dyad team
work. Using a pool of university programming courses students as
the experiment participants, the study examined three gender pair
types: female—female, female—male, and male—male. The result

revealed that there was no significant gender difference in the PP
coding output. But the same gender pair exhibited significantly
higher levels of pair compatibility than the mixed gender pair.

Katira, Williams, and Osborne (2005) conducted a study
involving 361 software engineering students at North Carolina
State University to understand and predict pair compatibility. The
results indicated that pairing up a female student with a partner
who has a similar SAT/GRE/GPA will likely result in a compatible
pair. Minority students perceived compatibility with a partner who
has a similar GPA. Pairs with different genders were less likely to
report compatibility. When both students in the pair were minority
students, they were more likely to perceive compatibility. Minority
students were comfortable working with students of the same
gender.

Lewis (2011) conducted a study to investigate differences be-
tween PP and collaborative learning in two summer enrichment
classes for students entering the sixth grade. Although this study
did not investigate the partnership, they thought the interruptions
and opportunities for discussion reinforced the pair relationship
because they observed that a student would infrequently consult
another student who was not his/her partner, even if he/she was
the same distance away as the student's partner.

McDowell et al. (2006) collected data from 554 students who
attempted the programming course at the University of California-
Santa Cruz. Each participant was paired with a preferred partner.
The study reported (1) those who paired produced significantly
better programs than those who worked alone, but there was no
significant gender difference as a whole in average programming
scores; (2) men were significantly more confident than women in
solo programming, however, the 24% increase in confidence that
pairing afforded women was even greater than the 15% confidence
boost experienced by men who had the benefit of PP. The result was
a significant decrease of a gender gap in confidence when working
in PP.

In this section we summarized important findings from empir-
ical studies on PP, especially from those studies that include psy-
chology and gender factors in their research frameworks. There still
exist many issues that have not been empirically investigated, such
as the impact of student partnership on compatibility, confidence
and performance in PP. Considering the fact that PP is one of the
major human-centric software development paradigms, social
factors, especially gender and partnership, need to be further
addressed. Therefore, this paper reported an experimental inves-
tigation of two social factors (i.e. gender and partnership) and their
interaction on PP with an expectation of making students have a
better effectiveness toward programming. In addition, PP showed
promise for reducing gender differences among college students,
while this study was initiated to examine this promising practice in
the primary school setting.

3. Research aim and questions

The study aimed to explore the impacts of two social factors on
PP effectiveness. PP effectiveness is expressed in terms of PP result,
measured in this study by compatibility of pairs, performance of
student programming, confidence toward programming, and
partnership of pairs. Therefore, four research questions were to be
answered:

(a) Is there any difference on compatibility among the gender
pairs and partnership pairs?

(b) Is there any difference on learning performance among the
gender pairs and partnership pairs?

(c) Is there any difference on confidence toward programing
among the gender pairs and partnership pairs? and
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(d) Does the PP tighten up the partnership within pairs?

4. Method
4.1. Participants

Participants were the sixth grade pupils coming from a primary
school in China (it is called “school C” in this paper). We selected
randomly 4 of 8 classes in the sixth grade and 154 pupils partici-
pated in the experiment (see Table 1). These students took the Alice
introductory course for 12 class hours in the 2014 autumn semester
before this study, and had basic knowledge and skills about Alice
programming.

4.2. Procedure

We conducted a PP teaching experiment scheduled in the 2015
spring semester. The experiment lasted for 13 weeks in all (see
Table 2).

In the first week, the participants firstly took part in a prior
knowledge quiz. Then they were grouped into 77 pairs according to
their scores of the quiz. To even out pairs' general experience level,
the most skilled student were to pair up with the lowest skilled
student, and the second best skilled student with the second lowest
skilled student (Miiller, 2005). This naturally yielded three different
group categories: boy-boy, girl-girl, and boy-girl. We also con-
ducted a partnership survey to get the partnership information
within pairs, and divided pairs to three partnership levels: general,
good, and very good. Therefore, we got a new sample distribution in
the taxonomy of gender pairs and partnership levels (see Table 3).
Finally, the participants were given a brief introduction to PP ter-
minology and guidance prior to the Alice advanced course.

In the 2nd to 9th weeks, the Alice advanced course was imple-
mented as a PP session. The participants learned the course for a
class hour each week taught by the same teacher. Besides the PP,
the teacher also used a three-stage learning progression called Use-
Modify-Create to describe a pattern of engagement (Lee et al,
2011). During the PP, each pair had to exchange the role of driver
and navigator after finishing a programming task.

In the 10th to 13th weeks, we conducted the posttests including
achievement tests, partnership survey, compatibility survey, and
confidence survey.

4.3. Materials

4.3.1. E-textbook

To implement this experiment, we developed a school-based
curriculum “learning to storytelling by programming” based on
the three-dimension framework of computational thinking
(Brennan & Resnick, 2012). This curriculum included two sessions:
one is the Alice introductory course for 12 class hours, and the other
is the Alice advanced course for 8 class hours as mentioned above.
For the convenience of improving the curriculum at any time, we
developed it as an e-textbook via 3DPageFlip (see Fig. 1).

Table 1

Sample characteristics.
Classes Class size Boys Girls
A 40 22 18
B 38 21 17
C 36 20 16
D 40 23 17
Total 154 86 68

The 3D programming language Alice2.4 developed at Carnegie
Mellon was used in this curriculum. Alice (http://www.alice.org/) is
an easy-to-learn environment which allows users to build 3D vir-
tual worlds. Instead of creating traditional text-oriented programs
which display meaningless messages such as “Hello World” to the
screen, Alice allows the programmer to create and manipulate
interesting objects (such as an ice skater) and create interesting
environments in a short period of time, thereby increasing their
satisfaction and motivation (Bishop-Clark, Courte, & Howard,
2006).

4.3.2. Handbook for PP

To make PP effective, we designed a student handbook to
manage the process of PP, which included pair information, PP
guidance, a sheet for the progress of PP (see Table 4), and a task
design table. The handbook was delivered before each class hour
and took back at the end of each class hour. The teacher checked the
handbook each time, and interviewed the students individually if
they could not fill the handbook in detail or had obstacles in PP.

4.4. Measures

A 3 x 3 factorial design was employed to examine the impacts of
the types of gender pairs and levels of partnership on learning
effectiveness in the PP (see Fig. 2). The different instruments (see
Table 5) were given in the pretest and posttest besides the part-
nership survey which were used twice. The partnership survey and
prior knowledge quiz were given at the beginning of the PP
experiment (pretest), and the partnership survey, compatibility
survey, confidence survey, and achievement test were conducted
after the PP experiment (posttest). All students completed the
pretest and posttest individually.

4.4.1. Partnership survey

The partnership survey was administered to get the partnership
information within pairs. It included only one question described in
the pretest as how about the partnership between the partners
according to the newly grouping, and described in the posttest as
how about the partnership after the PP course. There were three
options behind the question including general, good and very good,
which indicated different partnership levels. In order to get the
accurate partnership level, we validated each student's answer. The
partnership level within a pair was valid if two partners in a pair
selected the same option. There were 70.13% pairs in the pretest
and 73.85% pairs in the posttest select the same options, and the
inter-rater reliability was 0.83 for the pretest and 0.87 for the
posttest (see Table 3). For the inconsistent pairs, we individually
interviewed the pairs to get an agreed partnership level.

4.4.2. Prior knowledge quiz

The prior knowledge quiz that included 11 multiple choices was
used to measure the students' understanding of programming
concepts. Participants' scores of the quiz were an important refer-
ence to group. The validity of the quiz was determined by experts’
evaluation, and the reliability coefficient of the quiz was 0.62. For
instance, one question read “In order to write one piece of code to
draw a square with different length of side, we can set the length of
side as a: a) variable, b) constant, c) parameter, d) instruction.”

4.4.3. Compatibility survey

The participants were asked to evaluate their compatibility in PP.
There were five thinking questions which were not counted in
grading followed by one overall rating question which did count in
grading. The instrument was developed by Kaufman et al. (1999). A
3-point scale was used in the thinking questions ranging from Very
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Table 2
Schedule of the experiment.
Weeks Contents
1rd Prior knowledge quiz and students grouping, partnership survey, and PP guidance
2nd Magic show (A magician waves the wand to make animals float.)
3rd Confused kangaroo (Help the kangaroo to jump smoothly, and add new scenario and animation to it.)
4th
5th Frog escape (A snake is swimming to a frog basking in the sunshine.)
6th Glider flying (Control the glider to fly via keyboard.)
7th New typist (Design 3D characters and trigger its special effect via keyboard.)
8th Squirrel the explorer (Control the squirrel action via mouse click.)
9th Skating girl (Control the girl skating via event or keyboard.)
10th Achievement test 1
11th Achievement test 2
12th Achievement test 3
13th Partnership survey, compatibility survey, and confidence survey
Table 3 scale with response options ranging from 1 (low) to 9 (high). The
Sample distribution in 3 x 3 factorial design. questionnaire consisted of five questions, of which the reliability
Gender pair coefficient was 0.99.
Girl-girl Boy-boy Boy-girl Total
Partnership level ~ General 10 26 40 76 4.4.5. Achievement test
Good 14 14 8 36 The achievement test was conducted after the PP course to
Very good 18 20 4 42 o ' : oh
Total 0 60 0 154 assess participants' programming knowledge and capability. Each

1 AT A RS §
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“Bamples” 1 FH “amusementpark”, Ciili “Open”, ITIF¥5%
R@nR.
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Follow me
1. BRERSR
TR “File”, I “New world™ (M 1-4), M INRE T,

5 “Templates™ B2 N “grass™ HREEL A1l “open”, ITIF
PROBNHS (M 15).

3DPageFlip

)

participant must finish the achievement test individually. The test

Fig. 1. A snapshot of the e-textbook.

Often (3), Occasionally (2) to Never (1), and in the overall rating
question ranging from Very compatible (3), OK (2), to Not compat-
ible (1). The reliability coefficient of the questionnaire was 0.76.

4.4.4. Confidence survey

The confidence survey was conducted to assess participants’
confidence toward programing. The questionnaire was adopted
from a previous PP study conducted by Williams et al. (2006). The
participants were asked to rate themselves on a 9-point Likert-type

tasks consisted of five tasks adopted from a previous study by
Zhong et al. (2016) and covered three tasks, namely two closed
tasks with a defined outcome and a defined process solely, two
semi-open tasks with a defined outcome and a defined process
solely, and one open task with an open outcome and open process.

These tasks have a common story context described as follows:
The fairy princess comes to a forest, but a devil appears suddenly
and takes her away. Then many fairies try their best to rescue the
fairy princess (see Fig. 3 and Fig. 4), and finish five tasks.
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Table 4
Sheet for the progress of PP.
Tasks®  Roles Times (minutes)  Task completion =~ Comments
1 driver
navigator
2 driver
navigator
3 driver
navigator
4 driver
navigator
5 driver
navigator
Note.

? There were a maximum of 5 tasks in a class hour. This sheet must be filled in
class by the navigator.

subjects factors. A significant main effect was found for partnership
pair, F(2, 145) = 5.25, p < 0.01, n2 = 0.161. Table 6 shows that the
very good partnership pairs were more compatible (M = 2.78) than
the general partnership pairs (M = 2.28) and the good partnership
pairs (M = 2.45). It was not significant for gender pair, F(2,
145) = 1.47, p > 0.05. The interaction also fell short of significance,
F(4,145) = 0.39, p > 0.05.

5.2. Performance of student programming

We conducted a 3 x 3 independent-groups ANOVA on the
achievement test. Both main effects and interaction were not sig-
nificant, for partnership pair, F(2, 145) = 0.61, p > 0.05, for gender
pair, F(2, 145) = 0.03, p > 0.05, for interaction, F(4, 145) = 0.32,
p > 0.05. There was also no any significant difference on the
achievement test scores between the boys and the girls (t = 0.68,

Pair Programming Treatment in 3*3 Factorial Design

Gender (3 pairs) * Partnership (3 kinds)

’—> Partnership Survey

All
Participants

s Pretest

\ Yy,

|: Prior Knowledge Quiz

Girl-Girl with general partnership
Girl-Girl with good partnership
Girl-Girl with very good partnership
™~ Boy-Boy with general partnership
— BOy-Boy with good partnership
Boy-Boy with very good partnership S
Boy-Girl with general partnership
Boy-Girl with good partnership
Boy-Girl with very good partnership

— Partnership Survey

FV Compatibility Survey

=P Posttest |

E Confidence Survey

“—» Achievement Test

Fig. 2. Overview of experimental design.

Table 5
Instruments for data collections.

Construct Source Pretest/Posttest Cronbach's alpha
Prior Knowledge (11 questions) Designed by ourselves Pretest 0.62
Partnership (1 question) Designed by ourselves Pretest 0.83

Posttest 0.87
Compatibility (5 questions) Kaufman, Felder, & Fuller, 1999 Posttest 0.76
Confidence (5 questions) Williams et al., 2006 Posttest 0.99
Achievement (5 tasks) Zhong, Wang, Chen, & Li, 2016 Posttest 0.79

(a)Two closed tasks: One is to make the female fairy fly to the
devil, and the other is to make the male fairy choose the biggest apple
from the tree and give it to the devil as a give-and-take condition.

(b)Two semi-closed tasks: One is to make the female fairy fly to
the waterfall by event-driven, and the other is to make the female fairy
catch the fish in the waterfall as the other give-and-take condition.

(c)One open task (Task 5): The devil, however, does not fulfill
the promise to release the fairy princess and assign a fiery dragon to
make the rescue more difficult. Students design a scenario to
describe the fairies how to defeat the fiery dragon.

Each closed task and semi-open task worth 5 points, and the
open task worth 20 points. The validity of the test was determined
by experts, and the reliability coefficient of the test was 0.79.

All participants were also asked to provide demographic data
including gender, class, and group number. Participants' responses
were coded to uniquely identify them so that data could be
compared in different pairs.

5. Results
5.1. Compatibility of pairs

The compatibility scores were subjected to a 3 x 3 independent-
groups ANOVA with gender pair and partnership pair as between-

p > 0.05).

5.3. Confidence toward programming of pairs

We conducted a 3 x 3 independent-groups ANOVA on the
programming confidence. Both main effects and interaction were
not significant, for partnership, F(2,145) = 0.23, p > 0.05, for gender
pair, F(2, 145) = 2.25, p > 0.05, for interaction, F(4, 145) = 1.31,
p > 0.05.

5.4. Partnership of pairs

A paired-samples T test revealed the difference of partnership
between the pretest and the posttest was significant, t = —3.67,
p < 0.001 (see Table 7). The partnership within pairs became closer
after PP than before.

Because the gender pairs had been considered desirable, we
divided the partnership into six groups, girl-girl pretest, boy-boy
pretest, boy-girl pretest, girl-girl posttest, boy-boy posttest, and
boy-girl posttest. We conducted a supplementary univariate
ANOVA on the six groups of partnership. A significant main effect
was found, F(1, 148) = 20.04, p < 0.001, n> = 0.824. Table 8 shows
that there were 4 homogeneous subsets, the partnership within
boy-girl pairs became significantly closer after PP (M = 1.52) than



B. Zhong et al. / Computers in Human Behavior 64 (2016) 423—431

Fig. 3. Scenario of fairy princess rescue for tasks 1 to 4.

Fig. 4. Scenario of fairy princess rescue for tasks 5.

428
Table 6
SNK post Hoc test for partnership (pretest).
Partnership pair N Subset”
1 2
General 80 2.28
Good 38 245
Very good 36 2.78
Sig. 0.169 1.00

*p < 0.05.

Table 7

Difference of partnership between pretest and posttest.
Partnership N Mean Std. Dev. t Sig.
Pretest 154 1.73 0.827 -3.67 0.000"""
Posttest 154 1.96 0.808

"*p < 0.001.
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Table 8
SNK post Hoc test for partnership (pretest &posttest).
Partnership N Subset”
1 2 3 4
Boy-girl pretest 52 1.15
Boy-girl posttest 52 1.52
Boy-boy pretest 60 1.92
Boy-boy posttest 60 2.00
Girl-girl pretest 42 217
Girl-girl posttest 42 245
Sig. 1.00 1.00 0.192 1.00
"p < 0.05.

before (M = 1.15), and the partnership within girl-girl pair was the
closest than other pairs. In general, however, the same gender pairs
had closer partnership than different gender pairs in the pretest
and the posttest, and there were no effect of opposites attract for
the pupils.

6. Discussion

On compatibility of pairs, the result of this study is inconsistent
with others studies. Choi (2015) found the same gender pair
(female—female and male—male) exhibited significantly higher
levels of pair compatibility than the mixed gender pair (fema-
le—male). Katira et al. (2005) also claimed that pairs with different
gender were less likely to report compatibility. In this study,
however, there was no significant difference on compatibility
among three gender pairs, but a significant difference among pair
partnership which implied more close partnership and more
compatible in PP.

This issue needs further exploration. There are two possible
reasons for this result. Firstly, perhaps partnership is a mediating
variable which the previous studies did not take into account. In
other words, partnership may be a more essential factor than
gender toward compatibility in PP. Secondly, the student partici-
pants in the existing studies were adults, but the student partici-
pants were under age in this study. Pair studies from psychology,
behavioral science, and cognitive science disciplines reported the
fact that there was a significant gender effect on human interaction
and collaboration (Carli, 1989; Underwood, McCaffrey, &
Underwood, 1990). Some studies on gender diversity also showed
that, instead of male dominating groups, groups with high per-
centage of women produced more favorable financial returns
(Campbell & Minguez-Vera, 2008; Francoeur, Labelle, & Sinclair-
Desgagne, 2008; Herring, 2009). These studies, however, were
also conducted based on adult participants. There is no evidence
indicating that a gender effect exists between female pupils and
male pupils. That is to say, the age may be a suppressor variable
toward compatibility in PP. To confirm these possible reasons, we
need more PP experiments in different ages to test the two social
factors. Anyway, partnership is an important factor to consider
when pairing up students in PP or other collaborative learning
settings.

On achievement and confidence of student programming, many
studies reported that males outperform females in solo program-
ming related fields. Yelland (1993) found that there was a gender
difference in programming performance: girls were less likely to
take risks to achieve a goal than boys when programming with
LOGO. McDowell et al. (2006) reported those who paired produced
significantly better programs than those who worked alone, and
men were significantly more confident than women in solo pro-
gramming. Rubio, Romero-Zaliz, Manoso, and de Madrid (2015)
also found that male and female students have different

perceptions and learning outcomes: male students found pro-
gramming easier, had a higher intention to program in the future,
and showed higher learning outcomes than female students.
However, the gender difference on programming performance and
confidence in this study is not significant, which is in line with the
earlier studies on undergraduate PP (Choi, 2015; McDowell et al.,
2006).

An interesting finding of this study is that girls became more
confident and get higher performance in PP than solo program-
ming. In the context of PP, conflicts and different opinions on the
coding strategy or practice are expected. The situation also de-
mands the compromise of two different programmers, and can
additionally pose “pair pressure” (Wray, 2010). To achieve a sound
PP environment, these difficulties must be managed. The girls
demonstrate better skills than boys to mitigate these difficulties.
That is why we observed a phenomenon that boys tended to blame
partners for code errors more frequently than girls especially in the
initial weeks of PP. This hints that gender can be an issue in PP
context. In fact, studies revealed that female students tend to focus
on intimacy and solidarity during collaboration, and support others
with effective persuasive messages, but male students to focus on
hierarchy and independence (Gefen & Straub, 1997; Rosenberg-
Kima, Plant, Doerr, & Baylor, 2010). In short, this finding suggests
that PP is a good way to decrease the gender gap in programming
courses, and teachers should make no discriminative expectations,
opportunities and concerns for boys and girls on learning
programming.

On partnership of pairs, this study extends the perception since
it was rare to focus on partnership in previous studies. Partnership
is an inevitable factor to consider in PP. On the one hand, good
partnership helps to improve compatibility of PP as mentioned
above. On the other hand, PP tightens up the partnership within a
pair as indicated in Table 7. That is to say, PP is a useful approach to
making students socialize and get a good friend in learning. An
important reason for PP reinforcing the pair relationship is that
students often need to communicate with their partners frequently
as observed by Lewis (2011).

We also found the partnership within girl-girl pair was closer
than other pairs as indicated in Table 8. We believe that there was a
high level of intimacy between the two identical gender partners.
Meanwhile, we also observed that there were much more talk and
discussion within girl-girl pairs than other pairs. It is in line with
the opinion that talk is the essence of relationships for women than
it is for men (Johnson, 1996). Certainly, it is also an important
reason to make girls maintain a good partnership since they tend to
focus on intimacy and solidarity as mentioned above.

7. Conclusions

Limited studies have focused on social factors. Considering the
fact that PP is one of the major human-centric software develop-
ment paradigms, social factors should not be ignored. Therefore,
this study aimed to explore the impact of two social factors (gender
and partnership) on PP in the primary school setting. To that end,
we conducted a PP experiment in four classes from the sixth grade
in a primary school. The main results are summarized as follows:

(a) There was no significant difference on compatibility among
the gender pairs, but a significant difference among part-
nership pairs which implied more close partnership and
more compatible in PP. Thus, partnership is an important
factor to consider when pairing up students in PP or other
collaborative learning settings.

(b) There was no significant difference on programming
achievement and confidence among different pairs, and girls
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became more productive and confidence in PP. This finding
suggests that PP is a good way to decrease the gender gap in
programming courses, and teachers should make no
discriminative expectations, opportunities and concerns for
boys and girls on learning programming.

(c) PP tightens up the partnership within pairs. Therefore, PP can
be a useful approach to make students socialize and get a
good friend in learning.

8. Limitations and future research

In this research, the participants were primary school pupils,
and the conclusions are suitable for the particular group. The re-
sults may be different if the participants are middle school students
or high school students. We will further explore other options in
future research.
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