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Engagement in collaboration and teamwork using Google Colaboratory

Figure 3. Screenshots from assignments in Google 
Colab for the CURE where students were asked to 
plot the solar flare energies. 

Student Challenges with Collaborative Coding

Regulations

Motivation

So, how can we best teach computation as an authentic practice of physics?

Increase computation in 
physics education

Increase authentic 
practices in labs

Challenge
Programming is
often done alone in
the classroom

This is not an 
authentic practice

The CURE
- Our analysis focuses on students in a newly 

developed course-based research experience (CURE).
- CL was a key component of the CURE.

Check out our recent publication for 
more information about the CURE!
Werth, C. G. West, and H. J. Lewandowski, Impacts on student 
learning, confidence, and affect and in a remote, large-enrollment, 
course-based undergraduate research experience in physics, Phys. 
Rev. Phys. Educ. Res. 18, 010129 (2022).

Figure 2. Socially-shared regulation 
of learning 

Solution

Collaborative coding in the classroom can engage 
students in an authentic practice of physics as well 
as improve learning and retention

Goals
Plan, set goals, and lay out 

strategies

Performance
Use strategies and monitor 

performance

Reflection
Reflect on performance

Regulation          
Use results from previous 
performance to guide the 

next one

• Analyzed over 400 student final written assignments
• We use the framework of self and socially-shared 

regulation of learning to understand challenges and
regulations students used to collaboratively code

• Results can help inform future instruction

Figure 1. Self regulation of learning

Socially-shared regulation of 
learning
• It can be difficult to evaluate how 

students learn and interact in complex 
collaborative learning (CL) 
environments.

• One theoretical framework that has 
been used to better understand CL 
environments is regulated learning 
theory.

“...one member of my team would screenshare a google colab document over zoom. They would be the 
person writing the code, while the other gave their input. Afterwards one member would comment the 

code and the other would write descriptions of the code.”

“...I recommend one person be the scriber for the document while the other group members tell what the 
person to write.”

“...I think the work can be made easier by working as a group on each problem and code cell, as opposed to 
assigning individual tasks to each team member. This allows for greater collaboration and it also helps any 
student who may not be as comfortable with coding or with the physics concepts be able to understand 

what is going on and not leave them behind...”

“Lack of consistent communication leads to a degradation of the team's goals and makes the process much 
more difficult for the one or two people who are invested in the research.”

Message early and often 
1. Message about the expected challenges of working in Colab
2. Message about the importance of relying on one's team for overcoming these 

challenges
3. Message about the authenticity and usefulness of collaborative coding

Suggest team roles
1. Clear, rotating roles can be a key component of productive collaborative coding 
2. Many students will have little-to-no formal training on working in a collaborative 

environment and may lack prior experience with collaborative coding
3. Suggesting productive team roles gives students a more direct opportunity to 

learn and practice collaborative coding skills
4. Previous literature suggest having a “driver” who actively creates code and 

controls the keyboard and mouse while the "non-drivers” constantly review the 
code for errors in the implementation

Acknowledgements
We thank the students who took the time to share their experiences with us.. This work is supported 

by STROBE National Science Foundation Science Technology Center, Grant No. DMR-1548924.

- Many students also recommended a variety of productive regulations for the “future researchers” to try 
that worked successfully for them, most involving SSRs such as working as a team and rotating roles. 

Divide the work

Assign clear roles

Work together

Increased communication

“One of the most challenging aspects of this entire course was not anything rigorous like a difficult concept 
or topic, it was actually Colab. This software is very new and buggy and does not allow for streamlined 
collaboration. It was very hard to simultaneously work as a group on a single Google Colab document 

because it does not act like a standard Google Doc. When two or more people are typing on it at the same 
time, the document has a very hard time saving the work that multiple people have done.”

Working with Colab as a team “made it difficult to ensure the entire research team was on the same page”

Student quotes about challenges

Google Colaboratory
- Advantages of Google Colab

1. Free,
2. Easily shareable and editable 
3. Runs off of a Google server

- Disadvantage
1. Version control issues

. Make your own Google Colab notebook by 
going to https://colab.research.google.com/.
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Introduction

Our Work

Results

Key Takeaways for Instruction

For more information, contact Alexandra Werth at alexandra.werth@colorado.edu.

- Colab has significant version control issues when multiple students are writing, editing, and saving at 
the same time.

- Another common challenge was having differing prior knowledge of coding


