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WIP: Structured Reflection for Stronger Collaboration in First-Year 

Introductory Programming Course Projects 

Abstract 

This evidence-based work-in-progress paper presents an instructional intervention designed to 

support effective group collaboration through structured reflection, aiming to help first year 

students develop stronger and more adaptive teamwork habits. As computing education 

increasingly emphasizes collaborative, project-based learning, teamwork has become a central 

component of many introductory programming courses. However, teamwork among first-year 

students is particularly challenging and these early struggles can negatively affect both learning 

outcomes and students’ learning experiences.  

The intervention embeds weekly individual and team reflections within Canvas Groups to support 

coordination, accountability, and technical integration. The impact of the intervention is assessed 

using end-of-semester surveys, qualitative analysis of weekly reflections, and performance metrics 

from project submissions. Preliminary evidence suggests improved role clarity, earlier 

coordination, more balanced participation, and higher-quality project outcomes compared to 

previous cohorts.  

Introduction 

Project-based learning has become an increasingly common pedagogical approach across 

engineering and computer science undergraduate level courses, as it provides students with 

opportunities to apply theoretical concepts in authentic, real-time scenarios [1]. By engaging in 

projects, students move beyond passive consumption of content to actively constructing 

knowledge through design, implementation, testing, and iteration [2]. Project based learning is 

often implemented in teamwork settings [3]. Collaborative projects mirror professional practice 

by requiring students to manage time, make decisions under constraints, and integrate multiple 

skills toward a shared goal [4]. As a result, team-based course projects are often used not only to 

reinforce technical learning outcomes but also to foster broader competencies such as problem 

solving, collaboration, and self-directed learning, making them a central and popular component 

of many undergraduate courses [5]. However, teamwork is often a challenge for undergraduate 

students for a variety of reasons. 

Teamwork Challenges 

Though project-based learning in teams is highly effective, it has several practical challenges 

especially while applying with undergraduate courses.  Role ambiguity in teams refers to the extent 

to which individuals lack clear, shared understanding of their responsibilities, expectations, 

authority, and boundaries within the group [6]. When roles and responsibilities are unclear, teams 

experience reduced accountability [7], inefficient task execution [8, 9], and uneven workload 

distribution [10], which can contribute to increased stress and interpersonal conflict. It may further 

complicate coordination, integration, and delay progress [11]. This may also limit the opportunities 

for meaningful skill development, making role clarity a critical factor in effective collaborative 

learning [12, 13]. 

Unequal contribution among team members is a persistent challenge, where some individuals 

contribute significantly more than others. This phenomenon, often referred to as social loafing, 



can reduce motivation and overall team effectiveness [10]. Poor communication such as infrequent 

updates, or unclear messaging can hinder coordination and lead to misunderstandings, especially 

in technical tasks requiring integration. Teams often face challenges aligning individual 

contributions into a cohesive final product, particularly when tasks are interdependent. Lack of 

coordination can delay progress and reduce quality. Especially with programming project 

coordination, students struggle to manage the coding environment differences while integrating 

[11]. Interpersonal or task-related conflicts may arise due to differing work styles, expectations, or 

priorities. When unmanaged, conflict can negatively impact team cohesion and outcomes [14]. 

Teams often fail to reflect on their processes, which limits their ability to learn from experience 

and adapt strategies over time [15]. Without reflection, ineffective behaviors may persist. 

Especially in first-year or novice contexts, students may lack prior exposure to structured 

teamwork, resulting in uncertainty about how to collaborate effectively [16]. 

Instructional Context and Motivation 

The instructional intervention described in this paper was implemented in a first-year introductory 

programming course primarily enrolling computer science major first-year students. The course 

includes a multi-week, team-based programming project designed to reinforce foundational 

programming concepts and self-learning of SDL 2.0 while introducing students to collaborative 

software development practices. The objective of the project is to design and develop a 2D infinite 

runner game using C++ and SDL2.0. Students work in small teams to design, implement, integrate, 

debug, and test multiple components of a shared codebase. While the project is intended to 

simulate authentic technical collaboration and promote peer learning, many students enter the 

course with limited prior experience working in structured technical teams, particularly in contexts 

that require coordinated design decisions, code integration, and shared responsibility for 

debugging and testing.  

In previous offerings of the course, it was observed that recurring challenges in team collaboration 

negatively impacted both the student experience and project outcomes. Teams frequently struggled 

to define clear roles and responsibilities, resulting in duplicated effort, uneven participation, and 

delayed integration of project components. Communication within teams often focused on task 

completion rather than coordination of design choices, leading to late discovery of 

incompatibilities, duplicate work, and technical issues. These patterns suggested that simply 

assigning group projects was insufficient to support effective collaboration for novice 

programmers. These observations motivated the development of a more intentional instructional 

framework that explicitly scaffolds teamwork processes through structured weekly reflection. The 

reflection included prompts for individuals as well as group response. The goal of the intervention 

was to help students develop early awareness of collaboration as a learnable skill and to support 

more effective coordination, accountability, and technical integration throughout the project 

lifecycle. 

Literature Review 

Reflection in an educational context refers to a deliberate and structured process in which learners 

critically examine their experiences, actions, and outcomes to make meaning of what they have 

learned and to infer better strategies for future practice. Through reflection, students analyze their 

decisions, evaluate the effectiveness of their strategies, and connect experience with underlying 

concepts, enabling deeper understanding and adaptive learning. Reflection is not merely 

descriptive but involves interpretation, judgment, and intentional planning for improvement. This 



process supports metacognitive development by helping learners become more aware of how they 

learn and how their behaviors influence outcomes [17,18]. 

Reflective practice has its roots in educational and organizational theory, with early work by 

Dewey emphasizing reflection as an active, deliberate process through which learners make 

meaning of experience [19]. This concept was later formalized by Schon, who described reflection 

as a mechanism through which individuals examine their actions during and after practice to 

improve future performance [17]. Building on individual reflection, subsequent research extended 

these ideas to group contexts, introducing the concept of team reflexivity, the collective process 

by which teams reflect on their goals, strategies, and processes and adapt them in response to 

experience [20].  

Use of reflection in Computer Science courses 

Reflection has increasingly been incorporated into computer science courses to support deeper 

conceptual understanding, metacognitive development, and professional skill formation. In 

computing contexts, reflective activities are commonly embedded in programming assignments, 

labs, and team projects to help students analyze problem-solving strategies, debugging processes, 

and design decisions. Structured reflection can improve students’ ability to reason about code, 

articulate learning challenges, and adapt approaches in subsequent tasks [19]. Additionally, 

reflection has been shown to support the development of collaboration and communication skills 

in team-based programming environments, where coordination and integration are critical to 

success [18]. 

Various forms of reflection have been implemented across computer science contexts. In a human 

computer interaction programming course, structured self-reflection was incorporated through 

three reflective writing assignments [21]. Reflection has also been integrated with computational 

thinking instruction; for example, a seven-week intervention with middle school students 

embedded metacognitive activities to promote awareness of problem-solving strategies and 

learning regulation [22]. In advanced programming courses, reflective practices have been used to 

support design evaluation. One study examined student reflective analyses of their initial and final 

project designs [23]. Another study used reflective journaling in programming curricula as an 

ongoing mechanism for students to document challenges, debugging strategies, and conceptual 

insights [24]. Another study was found on continuous reflection in engineering project-based 

courses, where students engage in iterative reflective activities throughout the development 

lifecycle to connect theory with practice [25]. Another study found in the literature used structured 

tools such as metacognitive strategy cards in computer programming courses [26]. 

Use of Reflection in Teamwork 

In design-based learning environments, it is found that self-reflection in a collaborative 

environment supports learning by enabling students to externalize thinking, negotiate roles, and 

make sense of shared design experiences, particularly when reflection is supported through 

mediating tools [27]. Similarly, structured group reflection in a Web 2.0 learning environment is a 

significant predictor of group performance, with instructor-supported reflection producing the 

strongest outcomes among different reflection approaches [28]. Research on team-based project 

learning further indicates that reflective activities help students evaluate their performance, 

identify areas for improvement, and strengthen collaboration skills [29]. In multidisciplinary 

design education, combining active project work with individual and group critical reflection 



improves student understanding of group dynamics and supports the development of negotiation 

and decision-making skills [30]. A thorough study on the quality and quantity of team reflections 

and the impact can be found in [31]. Group reflection is a common and valuable assessment 

practice in higher education, while variation in reflection quality depend on group composition 

[32]. Collectively, these studies underscore the importance of intentionally scaffolding 

collaborative reflection to enhance both learning and teamwork in project-based courses. 

The literature on reflection in education consistently demonstrates that structured reflection 

supports metacognition, self-regulated learning, and deeper conceptual understanding, with studies 

in computer science education further showing benefits for problem-solving, professional skill 

development, and awareness of learning processes in project-based settings. Research on team 

reflection highlights its role in improving coordination, shared understanding, and overall team 

performance. However, most existing studies treat individual reflection and team reflection as 

separate pedagogical interventions, focus on unstructured or end of project reflections, rather than 

ongoing team dynamics. There is a notable gap in empirical work examining the sustained use of 

structured, recurring reflections that intentionally integrate both individual and team-level prompts 

within group projects, especially in introductory computer science programming courses for first 

year students, and in understanding how such combined reflection practices influence the evolution 

of collaboration, accountability, and interpersonal dynamics over time. 

Structured Weekly Reflection for Collaboration 

Overview of the proposed methodology 

The methodology employed an educational research approach to examine the impact of structured, 

recurring weekly reflections on team dynamics and collaboration in an introductory computer 

science course. The study was conducted in a 16-week first year-level introductory programming 

course offered in two sections, comprising a total of eight student teams. There were five teams 

with five members, one team with four members and two teams with three team members. The 

objective of the project was to design and develop a 2D infinite runner game using C++ and 

SDL2.0. 

A structured reflection intervention was implemented over seven key weeks of a semester-long 

group project, with reflection activities embedded directly into each team’s Canvas group home 

page to support collaborative engagement. Each weekly reflection consisted of two components: 

individual reflection prompts that encouraged students to articulate their roles, contributions, 

challenges, learning progress, and self-improvement goals, and a single team-level prompt that 

required collective discussion and consensus based on the individual reflection responses. The 

prompts were scaffolded across different phases of the project from expectation setting, through 

design and implementation checkpoints, to final reflection to capture the evolution of team 

dynamics over time.  

The output of this experiment includes individual student reflections, team reflection artifacts 

collected across multiple weeks, and an end-of-semester survey administered to students in both 

sections to capture their retrospective perceptions of collaboration, the usefulness of reflection, 

and overall team functioning. Student reflection responses were collected and reviewed to identify 

recurring patterns related to collaboration levels, teamwork styles, and learning experiences, while 

survey responses provide complementary descriptive and comparative insights across sections and 



teams, enabling triangulation of findings related to the role of integrated individual and team 

reflection in supporting collaborative learning among novice computer science students. 

Summary of each week’s reflection prompts 

Across the seven reflection checkpoints, the prompts were intentionally scaffolded to align with 

evolving phases of team development and project execution. Early-stage prompts emphasized 

individual self-awareness, role clarity, and expectation setting. Mid project prompts shifted toward 

monitoring, coordination, and adaptive collaboration, design refinement, timeline alignment, and 

workload balancing. Later stage prompts focused on integration, knowledge consolidation, 

collective efficacy, and learning transfer, while addressing collaboration challenges related to code 

integration, interdependence, and collective problem-solving. Table 1 gives clarity about the 

expectations of this structured weekly reflection’s impact on teams. 

Table 1: Weekly Reflection Expectations & Summary 

Week theme 
Individual prompt 

focus 
Team prompt focus 

Team dynamics 

outcome 

Team formation 

and setup 

Roles, strengths, 

expectations 

Role assignment, define 

responsibilities 

Role clarity, early trust, 

accountability 

Planning & 

setting up 

expectation 

Understanding 

goals, personal 

plans 

Task planning, short term 

goal setting 

Alignment on 

objectives, 

coordination 

Design & plan 

development 

Design progress, 

challenges, 

suggestions 

Design refinement, 

decision making 

Collaborative problem 

solving 

Collaboration 

checkpoint 

What worked, what 

needs improvement 

Progress evaluation, 

workflow adjustment 

Open communication, 

conflict mitigation 

Collaboration 

checkpoint 

Identify 

contributions, area 

of improvement 

Progress evaluation, 

workflow adjustment 

Individual 

accountability, mutual 

support 

Integration & 

coordination 

Learning gain, code 

integration issues 

Integration planning, 

dependency management, 

progress evaluation 

Interdependence 

awareness, 

coordination efficiency 

Reflection & 

knowledge 

transfer 

Lessons learned Retrospective analysis and 

advice to future teams 

Shared learning, 

transfer of 

collaborative practices 

 

These structured reflection activities were implemented through each team’s Canvas group home 

page. However, participation varied across teams, with not all groups engaging in the reflections 

consistently throughout the project. In addition to the weekly reflections, an end-of-semester 

survey was administered to students across both course sections to capture overall perceptions of 

the reflection process. 

Following is an example of a reflection provided in Week 1. The first three are individual reflection 

prompts and the last one is a team reflection prompt. 

1. What role do you see yourself playing in this project (e.g., coding, design, testing)? 



2. What are your strengths that can help the team succeed? 

3. What concerns or challenges do you anticipate for this project? 

4. Based on everyone’s responses, what is our agreed-upon plan for roles and responsibilities? 

Results & Discussion 

An analysis of data collected from the end semester survey is discussed below. Towards the end of 

the semester, students took on a survey which was used to understand the impact of the weekly 

reflection across three constructs such as Team Communication & Trust, Self-awareness & 

Reflection, and Project Planning & Execution. Figure 1 presents a consolidated stacked Likert 

analysis of the end of semester survey results. As summarized in Table 2, Self-awareness & 

Reflection exhibited the strongest positive perception, with 62.5% of students agreeing or strongly 

agreeing with the highest mean Likert score of 3.59. This indicates that structured reflection was 

particularly effective in helping students identify personal strengths, recognize areas for growth, 

and better understand their teammates. In contrast, Project Planning & Execution showed a 

moderate positive impact of 45.3% and 3.33, suggesting that reflections supported planning, 

progress tracking, and adaptive decision-making, though these benefits were not uniformly 

experienced. 

 

Figure 1. Impact of structures reflection of team dynamics 

Team Communication & Trust received the lowest positive agreement and the highest proportion 

of neutral responses, implying that improvements in interpersonal dynamics may require longer-

term or more explicitly guided reflective interventions. 

Table 2. Impact of structured reflection in team dynamics 

 

Figure 2 illustrates student perceptions regarding the statement “Consistent weekly reflection 

would improve team performance.” Responses show a predominantly neutral to positive trend, 

Construct 
Agree + Strongly Agree 

% 

Mean Likert Score  

SD (n = 16) 

Project Planning & Execution 45.3 3.33  0.82 

Self-awareness  62.5 3.59  0.99 

Team Communication & Trust 31.2 3.06  0.87 



with approximately 44% of students agreeing or strongly agreeing, while a smaller proportion 

expressed disagreement.  

 

Figure 2. Student perception of consistent weekly reflection 

This distribution highlights that the reflective practices appear to depend not only on individual 

engagement but also on consistent participation. 

Future work 

This study demonstrates that structured weekly reflection can serve as an effective mechanism for 

supporting collaboration and team dynamics in first year level computer science programming 

course group projects. The reflection framework encouraged self-regulation, role clarity, and 

shared accountability, even though student engagement with the activity was uneven. The findings 

suggest that embedding reflection in a familiar platform such as Canvas can foster collaborative 

awareness without imposing significant instructional overhead. Collectively, the reflection 

artifacts and end-of-semester survey responses indicate that sustained, structured reflection holds 

promise as a scalable pedagogical strategy for improving teamwork experiences in introductory 

programming courses and warrants further investigation into strategies for increasing student 

engagement and longitudinal impact. Since student participation in the reflection activity was 

uneven, the plan for the upcoming semester is to introduce faculty intervention and provide 

feedback based on the weekly reflection responses. Since only 41% of the students participated in 

the end semester survey, the inferences are suggestive and not conclusive from this pilot study. 

Hence, planning to repeat this experiment at least a couple of semesters to reach a reliable inference 

on the impact of structured reflection in the context of team-based projects in first year 

programming courses.  
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