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Computer-aided design is 
used to virtually design and 

test product concepts 
before fabrication
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CAD is integral to the product development process

Stark (2022)
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Nearly all products are designed with CAD

laptop

racecar
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Nearly all products are designed with CAD
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The CAD process is collaborative



Designers struggle 
with concurrent work 
and version control 
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CAD collaboration is challenging

But, recent advances 
bring branching and 

merging.

Maher et al. (2017); Warfield (2021); Frazelle (2021); Cheng et al. (2023)
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Concept from software 
development

Developers create branches to 
work with a copy of the code 
without modifying the existing 
version

Branches facilitate concurrent 
work and version control

Branches can later be merged 
into a unified branch

Buffenbarger and Gruell (1999); Phillips et al. (2011)

Branching and merging is an effective 
means of collaboration

Seems like an obvious strategy to implement in CAD



8Fresemann et al. (2021); Koch & Firmenich (2011); Richter & Beucke (2006)

Branching is still new to CAD

Existing work is theoretical and lacks empirical studies.
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How do CAD designers 
use branching 

functionality for 
hardware design?

RQ1:

What are the design 
shortcomings and 

gaps of existing CAD 
branching tools?

RQ2:
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Why mine online CAD forums?

Considered a 
community of 

practice

Popular resource 
among CAD 

users

Reach more CAD 
users than with 

interviews

Kiani et al. (2019 & 2020); Robertson et al. (2009); Matejka et al. (2011) 
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We selected widely used CAD forums

Forums owned by 
platforms that 

support(ed) branching

General platform-
agnostic forums
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Our dataset included 719 discussion threads

(for software only)
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Scrape forum 
discussions

Develop taxonomy 
of use cases

Analyzing forum threads was a multi-step process

Code qualitative 
text data

using keyword search  
(e.g., ’branch’ OR 

‘clone’)

to determine 
relevance to research 

questions (i.e., use 
case or shortcoming)

to understand 
CAD branching 

practices

1. 2. 3.
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Develop taxonomy of use cases
Branching use cases 

from software literature
Product Line 
Management

Risk 
Isolation

Designer 
Support

High-level themes

prod. version 
maintenance 

new product 
variant

configuration

modularization

work division

demonstration

collaborative
troubleshooting

documentation

experimentation

simulation/
testing

error repair
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RQ1: Use Cases for Branching

Product Line 
Management

Risk 
Isolation

Designer 
Support
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Product Line 
Management

Legend

Product Line Management branches are used for 
supporting the production version design evolution
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“I would like to add a completely 
new design without starting 
from scratch, but keep using the 
finished design for further 
enhancements to reach a new 
finished version and so on.”
Autodesk (2021)

Main

New 
design

A use case of Product Line Management branching is for: 
creating a new product variant

Analogous to ”hard forking”
in software development 

Zhou et al. (2020)
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Risk Isolation branches are used for separating 
unapproved or unstable file changes

Legend

Risk 
Isolation
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“Being able to make variations 
of a design and have them 
available if you need to 
change directions beats 
manual copies or playing with 
references. 
SolidWorks (2022)

Candidate A

Main

Candidate B

Candidate C

A use case of Risk Isolation branching is for: 
experimenting with candidate designs

Similar to exploratory programming
Kery and Myers (2017); Kery et al. (2017); Weinman et al. (2021) 
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Legend

Designer 
Support

Designer Support branches are used for 
facilitating collaborative or non-technical needs
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“User 1 creates a branch and adds a 
hole. User 2 creates a branch and 
modifies the size of a cutout. Each 
branch gets merged back into the 
main workspace and updates the 
model at different times.”
CAD Forum (2022)

User 1 User 2

Main

A use case of Designer Support branching is for: 
dividing work between individuals
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RQ1: Use Cases for Branching
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RQ2: Shortcomings of CAD Branching Tools

0 10 20 30

Lack of granularity

Poor history navigation

Lack of history cleaning

Poor variant support

Poor permissioning

Percentage of Threads Mentioning Shortcomings (n = 221)
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Branch history is messy and hard to navigate

“The animation displayed is 
like a personal nightmare, 
complete with a sensation of 
vertigo while viewing. It jumps 
off the screen almost. I hope 
to comprehend this tree and 
its long vine-like branches 
eventually.”
Onshape user (2016)

CAD (Onshape)



Code (Git – Source Tree)CAD (Onshape)

25Zhou et al. (2018)

This problem exists in both CAD and code
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Branching helps CAD designers with the 3Cs of collaboration

coordination

cooperation

communication

“the management of people, their 
activities, and resources”

“the exchange of messages and 
information among people”

“the joint production of members of 
a group within a shared space”

Fuks et al. (2005)

Branches can organize 
personnel, timelines, 
resources, and tasks

Branches allow a 
CAD model to act as a 

shared artifact

Branches enable 
collaboration in a separate, 

yet linked space
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Our work can benefit branching in the 
broader CSCW community

Abediniala et al. (2022); Pe-Than et al. (2021); Sterman et al. (2022)

Scientific workflow 
management 

systems

Open 
collaborative 

writing

Creative 
practice



Key 
Takeaways
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First-ever taxonomy 
of CAD branching 
use cases

Future work to target 
shortcomings of CAD 
branching tools

Contributing to 
fundamental theory 
(3C model) in CSCW



Future work
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Merging in CAD

Branching practices in 
real-life design projects

Further parallels with 
software & CAD

… multi-user 
synchronicity
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Thank you! Questions?

USER PERSPECTIVES ON BRANCHING IN COMPUTER-AIDED DESIGN

CREDITS: This presentation includes 
icons by Flaticon, illustrations by 
Storyset, & images by Freepik.

RQ1: How do CAD designers 
  use branching?
RQ2: What are the shortcomings 
  of CAD branching tools?
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Branching is still new to CAD

2013 2015 20182017

GitHub
announces 

support for 3D 
models

Onshape
launches 

branch and 
merge

Autodesk
tests and 

retracts branch 
and merge

SolidWorks PDM
introduces 
branch and 

merge
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Previous releases of CAD branch & merge have failed

“Based on feedback, 
we’re ending the 

Branch and Merge 
preview”

“…the current 
experience doesn’t do 
the job quite right and 

we’re going back to 
engineer a simpler and 

efficient solution.”


