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Modern product design and development
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CAD is a complex socio-technical system [1] 
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Interdependent components

Increasingly distributed 
collaboration 

Nonlinear workflows
[1] G. Boy, Human-centered design of complex systems: 
An experience-based approach, Design Science, 2017.
[2] https://simpleflying.com/airliners-how-many-parts/ 

Sophisticated data 
management 

A Boeing 747-8 aircraft comprises more than 6 million individual parts, most 
designed, manufactured and assembled at different locations [2]. 

Centre fuselage
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Designing in CAD is an iterative process 

PDM: product data management system
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Designing in CAD is an iterative process 

Version control has become an essential 
information infrastructure in CAD

PDM: product data management system



Software version control ↛ CAD
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How do we describe geometric differences with text?

Version A Version B



Software version control ↛ CAD
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How do we search for geometric entities with text?



Version control in CAD remains limited
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Objective: a systematic 
understanding of the 
socio-technical challenges 
in CAD version control 



Method: web scraping online forums
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CAD modelling 
software

CAD model sharing 
platforms

Independent forums
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Management-related challenges
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“Instead of reading through 1000’s of lines 
and sorting through dozens of hastily made 
versions, I just want to find the last time 
I was working on a specific feature 
of a specific part.”

-- Onshape user (2018) 

Management

Opportunity: design tools that better 
support users in articulating the design 
history as a collaborative record
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Collaboration across branches
“[It] will be taking a step further and roll out a 
GitHub-like version control where you can 
create and fork different designs off of 
a base design and also merge back 
together different design branches.” 

-- Autodesk Fusion user (2015)

Continuity

Distribution

Scope
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Collaboration across projects

“Someone creates a design in their own 
project (rather than the parent one for 
the company), [they will have] issues 
getting the design moved over.” 

-- Autodesk Fusion user (2016)

Continuity
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Collaboration across organizations
“I am trying to share a version of a document to an 
outside vendor for quoting, along with download 
privileges so they can evaluate in their own CAD 
tool if needed. But I do not want the vendor 
to have access to the real-time 
document, only the ‘quote version.’”

-- Onshape user (2018)

Continuity

Distribution

Scope



Cross-boundary collaboration

18

Within the same CAD system Across different CAD systems

Opportunity: feature 
development

Opportunity: standard 
negotiation for data exchange

Continuity

Distribution

Scope



Version control should NOT ONLY be
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A database that piles up 
design versions

A lock that avoids editing 
conflicts

A prematurely engineered 
system with low reflexivity 



Version control should ALSO be
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A collaborative record 
that articulates the 

design history 

A mechanism that 
supports cross-

boundary collaboration 

An infrastructure that 
continues to evolve 

with user needs 

No one-size-fits-all infrastructures in 
complex socio-technical systems! 



Future work
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In-situ
observational study

Involvement of the 
software providers
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Challenges Opportunities

Ø Collaborative record 
Ø Cross-boundary collaboration
Ø Reflexive infrastructure 

Contact me!


