
 

 Examining Contrasting Collaborative Programming Behaviors 
among Three Pairs 

Dan Sun, Fan Ouyang, Yan Li 

dansun@zju.edu.cn, fanouyang@zju.edu.cn, yanli@zju.edu.cn 

Zhejiang University  

Abstract: Pair programming is a collaborative learning mode to foster novice learners’ 

computer programming. Previous empirical research results in contrasting conclusions about 

the effect of pair programming on student learning. To further understand students’ pair 

programming, this study uses interaction analysis approaches to examine three contrasting 

pairs’ collaborative behaviors in Minecraft programming platform. The results show that the 

high-ranked student pair is characterized as the interactive and goal-oriented pair; the middle-

ranked student pair is characterized as the highly-interactive and process-oriented pair; and the 

low-ranked student pair is characterized as the lowly-interactive and programming-distracted 

pair. Based on the results, this research proposes pedagogical and theoretical implications for 

future instructional design and empirical research of collaborative programming. 

Introduction 
Computer programming is one of the main learning modes to improve students’ computational thinking (CT) in 

K-12 schools (Brennan & Resnick, 2012; Lye & Koh, 2014; Wing, 2006). Compared to solo programming, pair

programming, as a collaborative learning mode, is a practical strategy for students to solve challenging problems

and generate creative ideas. However, previous empirical research shows discrepancies about the effect of pair

programming on student learning. Primary factors that influence the effectiveness and quality of pair

programming are individual’s programming ability (Salleh et al., 2011), social atmospheres (Werner et al., 2005),

and the group configurations (Demir & Seferoglu, 2020). Given the complex factors that may influence the pair

programming, it is necessary to conduct a fine-grained, multi-dimensional analysis of pair programming in order

to provide research, analysis and practice implications.

Literature review 
Grounded upon the social, cultural, situated perspectives of learning, collaboration is defined as a group of people 

participating in coordinated activities to maintain shared understandings, to solve shared problems of a project, 

and to create new knowledge or relevant products (Goodyear et al., 2014). Pair programming, as a computer-

supported collaborative learning mode, supports two programmers working together at one workstation to solve 

the same programming problem (Braught, Wahls, & Eby, 2011). Empirical studies have indicated that pair 

programming, under favorable conditions, is beneficial for students to develop the solution to ill-structured 

programming tasks (Liebenberg et al., 2012), to advance their programming knowledge (Umapathy & Ritzhaupt, 

2017) and to foster their computational and creative thinking skills (Zhong, Wang, & Chen, 2016). 

Although pair programming can improve student learning under some conditions, previous empirical 

research shows mixed results for students’ collaborative behaviors. For example, through analyzing and 

identifying code patterns, Hwang et al. (2012) discovered that students had different coding patterns during pair 

programming, including increasing, decreasing and no transition of six programming behaviors during the 

problem-solving processes. Satratzemi et al. (2018) found that students had varied levels of programming 

performances, significantly related to a student’s previous programming experiences and confidence in 

programming. Using discourse analysis and epistemic network models, Wu, Hu, Ruis and Wang (2019) revealed 

that a high-performing team exhibited programming with a systematic approach, whereas a low-performing team 

used tinkering or guess-and-check approaches. Overall, although collaborative strategies are widely used to 

improve students’ programming, relevant research indicates different results in terms of students’ behaviors. 

This study uses a pair programming strategy to improve students’ programming within the Minecraft 

programming environment in China’s secondary education contexts. Using an interaction analysis approach (i.e., 

click stream analysis and classroom video analysis), we investigate three contrasting pairs’ collaborative 

behaviors. Based on the results, this study proposes pedagogical and theoretical implications. 
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 Method 

Research purpose and question 
The overarching research purpose is to empirically investigate pair programming behaviors during collaborative 

programming. Among ten pairs of students, we identify three contrasting pairs in terms of their individual 

procedural performances. Our research question is: What are the differences of collaborative behavior of three 

contrasting pairs during the pair programming process? 

Research context and participants 
The research context is an optional course titled “The Interactive Programming in Minecraft” offered at a junior 

high school during Spring 2019 in the Eastern area of China. Twenty 7th graders (2 females, 18 males) enrolled 

in this 12-week course; they were all novice programmers with no text-based Python language programming 

experience. Students were designated into ten pairs at the beginning under the instructor’s arrangement. Minecraft 

was adapted as the programming learning environment to facilitate students’ learning of the Python language. 

Students built basic structure using mouse click and created interactive function with structures by Python in 

Minecraft, and Python was connected with Minecraft through StartServer.bat in Adventures In Minecraft.  Among 

ten pairs, we identified three contrasting pairs based on students’ individual procedural performance scores (see 

Figure 1). Two students of pair 1 (the high-ranked pair) achieved the scores of 86 and 70 (M = 78.00, SD = 9.87); 

two students of pair 2 (the middle-ranked pair) had the scores of 70 and 65 (M = 67.50, SD = 7.57); two students 

of pair 3 (the low-ranked pair) had the scores of 30 and 50 (M = 40.00, SD = 19.57). The average score for all 

students in the course was 63.  
 

   

(a) Pair 1 (b) Pair 2 (c) Pair 3 

Figure 1. Three pairs’ collaboration during a class session. 

Data collection and analysis approaches 
We recorded students’ online and offline behaviors through the computer screen-running videos and a whole class 

video (without sounds). We used click stream analysis (Filvà, Forment, García-Peñalvo, Escudero, & Casañ, 

2019) and classroom video analysis (Kersting, 2008) to analyze those two types of data in order to identify pairs’ 

programming behaviors. Two coders followed open coding analysis, first individually watched the computer 

screen-running videos and the classroom videos, identified initial codes of online and offline behaviors, then had 

discussions to achieve an agreement of the final coding framework. Shown in Table 1, eight behaviors were 

identified. Then two coders independently coded the data again in a chronological order based on the coding 

framework, and reached an inter-rater reliability with a Cohen’s Kappa of .888.  
 

Table 1. The coding framework for online and offline behaviors. 
 

Code Description  

Project Understanding (PU) A student transferred to the task window to understand the programming 

projects. 

Python Coding (PC) A student wrote codes with the Python language in the system. 

Minecraft Debugging (MD) A student debugged the code in Minecraft. 

Minecraft Gaming (MG) A student played games in Minecraft. 

Programming Assistance (PA)  A student looked at the computer and assisted his/her partner to program. 

Partner Discussion (PD) A student discussed with his/her partner during the programming. 

Instructor Communication (IC) A student(s) talked with the instructor. 

Classmate Communication (CC) A student(s) talked with other classmates in the class. 
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 Note. The first four codes were identified through the clickstream data as online behaviors; the last four codes 

were identified through the video data as offline behaviors. 

Results 
Pair 1, a high-ranked pair among three pairs, was identified as the interactive and goal-oriented pair. Pair 1 not 

only had the highest scores of highest frequency of codes, but also solved all the tasks for the final programming 

project with the highest scores of 96 among three groups. The most frequent behaviors were Partner Discussion 

(PD; frequency = 191), Python Coding (PC; frequency = 136), and Programming Assistance (PA; frequency = 

135), which all ranked at the middle level among three groups (see Fig. 2). Moreover, the temporal graph showed 

that the programming behaviors of PD and PA distributed evenly across the time period, which indicated that 

students in Pair 1 consistently communicated with and assisted each other during the pair programming. Among 

three pairs, Pair 1 had the highest frequency of Minecraft Debugging (MD; frequency = 124), which were 

interwoven with the Python Coding (PC) behavior. 

Pair 2, the middle-ranked pair among three pairs, was identified as the highly-interactive and process-

oriented pair. The most frequent behaviors were Partner Discussion (PD; frequency = 245), Python Coding (PC; 

frequency = 174), and Programming Assistance (PA; frequency = 169), which also ranked highest among three 

pairs (see Fig.2). According to the temporal graph, Pair 2 first attempted to understand the programming project 

(PU), discussed with the partner (PD), and then turned to the Python coding (PC) process. Pair 2 also debugged 

in Minecraft (MD) several times to modify the codes, and further continued the Python coding (PC) process.  

Pair 3, the low-ranked pair among three pairs, was identified as the lowly-interactive and programming-

distracted pair. The most frequent behaviors were Minecraft Gaming (MG; frequency = 332), Python Coding 

(PC; frequency = 102), and Partner Discussion (PD; frequency = 71). Among three pairs, Pair 3 had the highest 

frequency of Minecraft Gaming (MG; frequency = 332) and the lowest frequency of Partner Discussion (PD; 

frequency = 71), Minecraft Debugging (MD; frequency = 48), and Programming Assistance (PA; frequency = 9). 

According to the temporal results (see Figure 2), Pair 3 first attempted to understand the programming project 

(PU), and then focused on Python coding (PC) through partner discussions (PD). However, from the middle to 

the end of the programming period, both of the students were constantly attracted by Minecraft Gaming (MG), 

which was a sign for giving up the programming problem-solving. 

 

 
                         (a) Pair 1                                           (b) Pair 2                                                (c) Pair 3 

Figure 2. The temporal graph of collaborative behavior changes.  

Note. The x-axis represents the time period; y-axis represents online behaviors. The total frequency of eight 

behavior codes for pair 1, pair 2 and pair 3 were 645, 739 and 647 (M = 677.00, SD = 53.70). 

Discussion 
Since previous empirical studies resulted in contrasting conclusions about the effect of pair programming on 

students’ learning quality, this study conduct a fine-grained analysis of three pairs’ programming behaviors. 

Echoing previous studies (Yang, Chen, & Hwang, 2015), this research reveals discrepancies among different pairs 

and complex correlations between programming behaviors, which may have significant influences on the 

collaborative programming quality, performance and experience. Based on the results, this study proposes 

pedagogical and theoretical implications for instructional design and empirical research of collaborative 

programming. On the pedagogical level, the instructors should use the process-oriented interventions to foster 

pair programming. The instructors should identify the specific learning situations that are appropriate to provide 

instructional interventions during the collaborative programming process. Our results showed that the low-

performing groups could easily get distracted by irrelevant activities (e.g., gaming), such that the instructor needed 

to provide on-time assistance to guide students on the programming track (Wang & Hong, 2018). More incentives 
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 and assistance need to be given for low-achievers at the early stage of a problem-solving period to intervene 

around their programming behaviors and motivations (Hwang et al., 2012). On the theoretical perspective, student 

agency is demonstrated by the students’ intentionality toward and their action of taking learning initiations 

(Bandura, 2001), which should be promoted in novice learners’ programming process. The results showed that 

high-performing student pairs took actions to initiate questions, share and negotiate knowledge and create the 

programming solutions. They together achieved cognitive accomplishments that exceed the knowledge of any 

individual members for the higher-order programming work (Stahl, 2005). In other words, group members’ 

synergistic coordination of the peer interactions and programming behaviors can lead to the high quality of the 

problem-solving process.  

Conclusion 
Collaborative programming is a promising yet challenging for novice programmers. This research selects three 

contrasting pairs in China’s secondary education and conducts a fine-grained analysis of the pair programming 

processes. The results reveal differences among three pairs in terms of collaborative behaviors during the pair 

programming process. Although this research merely focuses on a small size of student sample, it makes 

contributions on the pedagogical, analytical, and theoretical perspectives. Since the intrinsic value of 

programming centers on its process, relevant research and practice should take a process-oriented perspective to 

investigate, advance, and assess students’ programming in order to foster a sustainable learning. 
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