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ABSTRACT 

 

Programming is a major challenge faced by universities students at different levels. A significant learning 

outcome that emerged in recent years is working in teams, wherein two programmers can engage in pair 

programming to work on a single task as a group. This study examined the usability and effectiveness of 

using pair programming. We also evaluated the effects of pair programming on student results, time 

consumed, and number of errors, Big-O notation, and time complexity. The mixed method approach was 

applied by formulating a questionnaire and three different projects. We applied a novel strategy for creating 

pairs of students from different levels and courses in Tafila Technical University. Results indicated that pair 

programming is feasible and effective for educational purposes. Positive results were also obtained for 

programming learning, time, performance, and code quality. 

Keywords: Pair Programming Experience, Collaborative Learning, Teaching Methods, Usability, and 

Team Performance. 

1. INTRODUCTION 

A common problem encountered by computer 

science students is computer programming. Many 

researchers have attempted to address the 

programming problem by testing different 

strategies and techniques, such as pair 

programming; however, the programming trend 

remains problematic. Pair programming is an 

extreme programming practice and an active 

software development method [1, 2]. Pair 

programming is a programming pattern that enables 

two programmers to work together on the same 

computer during a single duty; in this pattern, the 

leader works on the computer, whereas the observer 

checks for errors and provides useful suggestions 

[3]. 

Recent literature indicates that student 

programmers who participate in team learning and 

pair programming tend to perform better on coding 

projects and are more likely to succeed in early 

code development than those who are working on 

their own [4, 5]. Nonetheless, this approach also 

presents a number of drawbacks, such as 

differences in skills, technical competence, ability 

to work, and share knowledge within a team; 

improving coordination among the skills of 

students; and improving productivity with the 

shortest time and the slightest defects [6]. The most 

prominent challenge is cultural issues related to 

society when programmers are paired randomly [7]. 

This research aims to evaluate the effect of using 

pair programming technique on the student 

productivity from deferent perspectives and on the 

code quality by evaluates the use of this technique 

in three courses by examining various factors that 

may affect and enhance problem solving and code 

quality. The remainder of this paper is organized as 

follows. In Section 2, we describe the general 

background and enumerate empirical studies on 

pair programming. Section 3 briefly explains our 

methodology. The results and discussion are 

presented in Section 4. Section 5 explores research 

directions for future works and states the research 

limitations. Finally, the conclusion is provided in 

Section 6. 
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2. LITERATURE REVIEW 

Many studies have been conducted to measure the 

effect of pair programming on the quality of the 

produced code, retention of students in 

programming courses, completion of a 

programming course, time of building and 

delivering programming tasks, and student grades 

in programming courses [4, 8, 9, 10, and 11] These 

studies highlighted the efficient use and advantages 

of using pair programming in the industrial and 

academics fields. 

Powell et al. [4] declared that pair programming 

could improve overall productivity and software 

quality through collaboration. Cockburn et al. [12] 

indicated that compared with solo programmers, 

pair programmers produced higher quality code in 

approximately half the time. This result is 

consistent with the findings of Kitchen [13], who 

have determined that using pair programming will 

produce code with fewer defects and good quality 

in half the time, develop good knowledge, and 

build teamwork. The rotation of partners also helps 

programmers familiarize themselves with the 

overall system. Moreover, pair programming 

promotes programming productivity and 

knowledge transfer among software developers 

[14]. VanDeGrift [15] asserted that pair 

programming could improve software design, 

reduce code deficiencies, enhance technical skills, 

improve team communication, and create an 

enjoyable working environment. 

Numerous guidelines must be followed in pairing 

students to achieve high effectiveness. Students 

should also be supervised by staff members or 

instructors who can resolve any problem that may 

arise between pairs. Student partners should also be 

rotated to help them develop their communication 

skills and prevent the development of intolerance to 

the same partner [16]. The educational benefits 

gained from applying the pair programming 

technique include superior results on graded 

assignments, increased satisfaction/reduced 

frustration among students, increased confidence of 

students regarding their project results, and reduced 

workload for the teaching staff [17, 18]. 

Several studies have measured the different aspects 

of using pair programming in various fields; 

accordingly, various methods have been 

implemented to form groups. Faja [19] argued that 

team composition was a crucial factor that would 

affect the collaboration and performance of teams. 

In the literature, various methods have been 

implemented to form pairs. These methods can be 

categorized as follows: 1) matching pairs versus 

random pair assignment and 2) same partners 

throughout the course versus changing partners. 

Howard [20] applied various pair formation 

approaches; he assigned pairs via random selection, 

paired students according to different Myer–Briggs 

personality types, and matched students on the 

basis of instructor observation. McDowell et al. 

[16] paired students based on their preferences or 

randomly if they did not have any preference and 

wished to remain with the same partner. Choi et al. 

[21] and Zacharis [22] assigned students pairs 

according to their grades. Braught [23] rotated pairs 

every three or four laboratory sessions. Bevan [24] 

suggested pairing students based on their skill 

levels. Studies have shown that if students were 

paired with less proficient partners, then they might 

consider the experience a waste of time and might 

complete the assignment on their own but submit it 

as a combined effort. Faja [19] and Chaparro et al. 

[25] found that matching skill levels and 

programming tasks would strongly influenced 

collaboration between pairs. Katira et al. [26] 

suggested that the compatibility of pair 

programmers would significantly affect their work 

productivity. 

Braught et al. [23] found that gender had no effect 

on the confidence of the completed work. By 

contrast, Choi et al. [21] posited that pair groups 

with the same gender displayed higher levels of 

satisfaction, communication, and compatibility. 

Freeman et al. [27], Salleh et al. [17], and Owolabi 

et al. [28] found no significant difference between 

pair and solo students in terms of academic 

performances (quizzes, final exams, and course 

grades) and time spent on a project. On the 

contrary, McDowell et al. [29] discovered that 

paired students performed significantly better than 

individual students in final exams and course 
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grades. Canfora et al. [30] reported that the time 

spent by pair programmers in programming was 

decreased compared with that spent by solo 

programmers, thereby refuting the claim made by 

Freeman. Agrawal et al. [31] found that pairs 

selected based on team ability, swapping flexibility, 

compatibility level, and application domain 

knowledge exhibit better performance than 

randomly selected pairs. Sfetsos et al. [32] 

discovered better performance and collaboration 

viability for pairs whose members exhibited 

heterogeneous personalities and temperaments. 

Salge et al. [33] and Akour et al. [3] concluded that 

compared with individual leaning, pair 

programming was more effective in improving 

student learning of programming concepts. 

Previous studies have indicated that using the pair 

programming technique presents numerous 

advantages in the academic field, and that various 

ways of forming pairs can be adopted. Accordingly, 

this study measures new aspects from different 

perspectives to observe the effects of pair 

programming on academic achievement. In the next 

section, we discuss the research methodology and 

the methodology used for group formation. 

3. RESEARCH METHODOLOGY  

A systematic approach was adopted for data 

collection and analysis [34]. A mixed method 

approach (combination of qualitative and 

quantitative methods) was applied in this study [35] 

based on the research objectives. The first objective 

was measured using a questionnaire at end of the 

research tests. This questionnaire evaluates the 

usability and effectiveness of using the pair 

programming technique. The second objective was 

tested by evaluating and analyzing the results of 

three student projects. 

This study selected 18 questions from the Usability 

and User Experience (USE) questionnaire [36, 37] 

to measure the usability and effectiveness of using 

the pair programming technique. A total of 62 

questionnaires were distributed to students enrolled 

in three different courses, namely, Computer Skills 

2 (C++), Internet Programming, and Advanced 

Internet Programming. Only 58 questionnaires were 

returned. In addition, a set of factors were selected 

to measure their effect on a programming pair. 

These factors were duration time, design, problem 

solving, gender, and creativity in production. Other 

methods were also applied to form groups, such as 

random pairing and optional pairing, in which a 

student can choose his/her group. The research 

results are explained in detail in the next section. 

4. FINDINGS AND DISCUSSION 

This study explored and measured pair 

programming and its application in the academic 

field from different perspectives. The results shows 

that students benefit from having a partner for 

programming projects because partners help answer 

questions, share ideas and skills to the group, and 

help with debugging and problem solving. The 

results of the survey indicated that the majority of 

the students were interested to work in pairs on 

their projects. Most of the students believed that 

pair programming improved their grades. A 

detailed description is provided in the following 

sections. 

4.1. Measuring the effect of adopting pair 

programming on students and code 

We designed three projects for each course. The 

students were divided into pairs and individuals 

according to a method previously described in the 

research methodology. The experimental results 

indicated that adopting pair programming in the 

academic field enhanced learning programming 

languages and optimized the strength of a program, 

including its performance, Big-O notation, and time 

complexity. 

Compared with solo programming, pair 

programming can produce shorter programs, 

implement better designs, contain fewer defects, 

and typically require less competence to complete a 

task. As shown in Figure 1, design effectiveness 

was measured based on project duration, effort, and 

quality. The programming efforts were distributed 

among individuals, thereby reducing the workload 

of an individual programmer. Consequently, a work 

package is completed within a shorter period, and 

coding does not require storage capacity. For 

example, when the students were asked to produce 
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a drop-down list of expected output with 

JavaScript, those that were produced using HTML 

code demonstrated that production under pair 

programming was better than that under individual 

programming. These findings are consistent with 

the results of many previous works, such as [10, 

38]. 

 

Figure 1: Rate of production in both projects 

The total time for all the experiments (i.e., the time 

spent at work) with pair programming (estimated 

between 3 h and 3.5 h, Table1) was considerably 

less than that with individual programming. This 

finding is similar to the results obtained by Bipp et 

al. in 2008 [39]. 

Table 1: Time to Complete Each Project (in Person) 

Programming 

type 

Project1 

(h) 

Project2 

(h) 

Project3 

(h) 

Individual 

programming 

4.37  4.20 3.30 

Pair 

programming 

3.16 3.05 2.20 

The defect density was used to compare the 

effectiveness of pair programming and individual 

programming [40, 41]. Each line of code is a 

problem that should be solved using the pair 

programming technique. 

Defect density = Lines of code/defects        (1) 

The code of any program contains errors. The 

results indicated that fewer mistakes were 

discovered when pair programming, rather than 

solo programming, was used. This finding is 

consistent with the result of [42]. In addition, pair 

programming can immediately solve problems and 

produce the best designs, thereby suggesting that 

having a pair with whom one can discuss ideas and 

address problems can significantly improve the 

quality and quality of work [43]. Table 2 provides 

the statistical results. 

Table 2: Density Defect for Each Project (in Person) 

Programming 

type 

Line of 

code 

Defects Density 

defect 
Individual 

programming 

259 13 0.05 defect  

per  LOC 

Pair 

programming 

172 6 0.03  defect  

per  LOC 

The resulting code had approximately 15% fewer 

defects [44]. For the test cases, the students passed 

each program, which was essentially the percentage 

of the instructor’s test cases passed. Pair 

programming worked more effectively than 

individual programming twice and was closer to the 

course completion rate [45]. 

Project evaluation illustrates that paired students 

consider time as much as possible in completing 

work packages by searching for a code that takes 

less time to produce high-quality work and looking 

for inexpensive means without changing the course 

of action. In addition to working without errors, 

solutions should also reduce time complexity. 

Although individual programming can produce a 

code that can solve the problem without requiring a 

long implementation, a larger number of code lines 

is used in single programming compared with that 

in pair programming (Figure 2). 

 

Figure 2: Big-O Complexity 

4.2. Measuring the usability and 

effectiveness of pair programming 
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SPSS v.21 was used in this study as the main data 

analysis technique to assess the usability and 

effectiveness of the pair programming technique. 

The students were presented with a brief illustration 

of the benefits of pair programming and how the 

features of this technique could be utilized to 

accomplish tasks without any problem and within 

the least time. This explanation was presented to 

the respondents, which mainly consisted of students 

from Tafila Technical University. The opinions of 

the students with regard to using pair programming 

were collected via a perception survey, which 

allowed the authors to discover factors that 

enhanced and motivated the students to use pair 

programming. First, equivalence test and reliability 

test were conducted to confirm the assumption of 

equal variances for the scores. The variance 

equivalence test for each group was confirmed, 

where p < 0.05 was recorded for each group. The 

reliability of the test results matches all the scales 

required for the Cronbach’s alpha (0.70 and above), 

thereby indicating that the results are reliable [46], 

as shown in Table 3. 

Table 3: Reliability Test of the Measurement Scales for 
Usability and effectiveness I 

Variables  N of items Cronbach’s α 

Usefulness (U) 4 0.843 

Ease of Use (EU) 5 0.759 

Ease of Learning  

(EL) 
7 0.886 

Satisfaction  (S) 2 0.964 

The analysis result of the students provides good 

insight into the opinions and positive feedback 

regarding the use of the pair programming 

technique. The survey results are shown in Table II. 

The results indicate that this technique is usable and 

effective, and thus, should be launched and used in 

the academic field, as suggested by the value of the 

mean for each of group in the study questionnaire, 

which is greater than 3.7, as shown in Table 4. 

Table 4: Mean for System Usability Scale Questions 

Variables  Mean STD Std. Error 

Usefulness 3.7586 0.76515 0.10047 

Ease of Use 3.8207 0.64638 0.08487 

Ease of Learning 3.8916 0.77479 0.10173 

Satisfaction 3.931 0.84005 0.11030 

This study also assessed the usability and 

effectiveness of using pair programming from 

different perspectives and criteria, such as gender, 

course, specialization, and student level. The results 

show that females exhibit better mean values than 

males. In addition, Applied Physics and Geological 

Engineering have mean values greater than 4. All 

other specializations present a good mean; among 

which, the smallest value is 3.10, as shown in Table 

5. Moreover, by comparing the results of the 

questionnaire according to student level, the 

researchers found that students at the fourth year 

level were more willing to use pair programming 

than that those in other levels. Furthermore, the 

mean values for all the involved students in all the 

courses were convergent, as shown in Table 6.   

Table 5: Mean for System Usability Scale Questions 
According to Gender and Specialization 

(at the end of this paper) 

Table 6: Mean for System Usability Scale Questions 
According to Student Level and Course Name 

(at the end of this paper) 

5. CONCLUSION AND LIMITATIONS 

This study found an apparent willingness among 

students to use pair programming in the academic 

field to enhance programming learning. Pair 

programming positively affected code quality, time, 

and student results. These results are congruent 

with those of other studies that have explored and 

studied the outcomes of and benefits from adopting 

pair programming in learning. This study expands 

knowledge on learning programming languages in 

different disciplines, fills in level gaps among 

students in the same class, enhances willingness to 

exchange knowledge, and promotes cooperation 

while working in groups. 

Nevertheless, this study is hindered by a number of 

limitations. First, the small sample size may affect 

the perception of students about the importance of 

group work. Second, this work did not consider 

group size in assessing the outcomes of and 
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benefits from using pair programming. Moreover, a 

set of limitations appeared during research and data 

collection, such as the non-desire to work in a 

group, difficulty of coordination among members, 

communication problems, and societal issues (e.g., 

mixed gender). 
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Table 5: Mean For System Usability Scale Questions According To Gender And Specialization 

      Criteria  

 

 

 

 

 

 

 

Factors 

Gender Specialization 

M
al

e 

F
em

al
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o

m
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r 
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n
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E
n

g
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n
g
 

E
le
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ri
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o

w
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E
n

g
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ee
ri

n
g
 

M
ec

h
at

ro
n
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s 

C
h

em
is

tr
y

 

T
ec

h
n

o
lo

g
y
 

C
iv

il
 E

n
g

in
ee

ri
n

g
 

C
h

em
ic

al
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n
g

in
ee

ri
n

g
 

In
d

u
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ri
es

 

M
ec

h
an

ic
al

 

E
n

g
in

ee
ri

n
g
 

A
p

p
li

ed
 P

h
y

si
cs

 

M
at

h
em

at
ic

s 

N 35.00 23.00 33.00 1.00 2.00 2.00 4.00 5.00 1.00 6.00 3.00 1.00 

Usefulness 3.71 3.84 3.73 4.25 4.00 3.88 3.13 3.55 4.00 4.25 3.75 4.00 

Ease of 

Use 

3.62 4.13 3.84 4.20 4.00 3.80 3.10 3.52 3.80 4.00 4.47 3.80 

Ease of 

Learning 

3.66 4.25 3.90 4.43 3.14 3.50 4.29 3.43 4.00 3.76 4.81 4.00 

Satisfaction 3.86 4.04 3.97 4.00 3.00 4.50 4.50 3.70 4.00 3.58 4.00 4.00 

 

 

Table 6: Mean For System Usability Scale Questions According To Student Level And Course Name 

Criteria  

 

 

 

 

 

 

  Factors 

Student level Course name 

1
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3
rd

 y
ea

r 

4
th

 y
ea

r 

In
te

rn
et

 p
ro

g
ra

m
m

in
g
 

A
d

v
an

ce
d

 I
n

te
rn

et
 

p
ro

g
ra

m
m

in
g
 

C
o

m
p

u
te
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ls

 2
 C

+
+

 

N 1.00 20.00 26.00 11.00 17.00 14.00 27.00 

Usefulness 
4.25 3.81 3.63 3.93 3.59 3.86 3.81 

Ease of 

Use 

4.00 3.87 3.75 3.89 3.78 3.90 3.81 

Ease of 

Learning 

2.29 3.70 4.02 4.09 4.04 3.84 3.83 

Satisfaction 2.00 3.70 4.08 4.18 4.29 3.71 3.81 

 

 

 

 

 


