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Open-source software development is an avenue for innovation and 
creative expression.
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(Lakhani & Wolf, 2005)

(Eghbal, 2016)

“How creative a person feels when 
working on the project is the 

strongest and most pervasive driver 
[of participation in open source]”

“Free software is directly 
responsible for today’s current 
startup renaissance.”



How to define innovation in 
software?
How to measure it?
How does innovation emerge?
What are its consequences?

DALL·E 3 - “An old-looking map with uncharted territory, here be dragons style”
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Key idea: Innovation as novel recombination
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(Schumpeter, 1939)

“[We may say] that innovation 
combines factors in a new way, 
or that it consists in carrying out 
new combinations.”



Key idea: Innovation as novel recombination
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(Schumpeter, 1939)

(Uzzi et al, 2013)

“[We may say] that innovation 
combines factors in a new way, 
or that it consists in carrying out 
new combinations.”

“… how scientists search for 
ideas is premised in part on the 
idea that teams can span scientific 
specialties, effectively combining 
knowledge that prompts scientific 
breakthroughs.”



The naturalness line of work is a novel recombination of ideas from 
linguistics, NLP, software engineering, …
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Software innovation as novel recombination of software libraries
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A project importing n packages has C(n,2) 
package combinations:

• (twisted, bottle)
• (turtle, nose)
• (black, pandas)
• (fuzzywuzzy, pillow)
• …

Some of these may be highly innovative 
because they are atypical.



Software innovation as novel recombination of software libraries
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https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/ 

Combining software libraries that are not often used 
together is like using unusual ingredients in your cooking.

• People may be impressed by your culinary creativity.

• Serving unusual dishes can be risky if the chefs are 
unable to perfect the recipes and the customers are 
unwilling to try new things.

https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/
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https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/ 

Combining software libraries that are not often used 
together is like using unusual ingredients in your cooking.

• Hyp: Projects that use more atypical combinations 
of libraries tend to be more popular.
✦ People may be impressed by your culinary creativity.

• Hyp: More innovative projects are less sustainable.
✦ Serving unusual dishes can be risky if the chefs are unable to perfect 

the recipes and the customers are unwilling to try new things.

https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/


But how to measure the (a)typicality of a package combination?
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A project importing n packages has C(n,2) 
package combinations:

• (twisted, bottle)
• (turtle, nose)
• (black, pandas)
• (fuzzywuzzy, pillow)
• …

Some of these may be highly innovative 
because they are atypical.



Key idea from network science: Comparison to null (random) model
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Observed reality:

A B C

i j k

Projects:

Libraries:

Project A adds a dependency on package j. 
New combinations are formed, e.g., (i, j).
How atypical is (i, j)?



Key idea from network science: Comparison to null (random) model
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Counterfactual:
Projects:

Libraries:

Preserve:
• all the projects
• all the libraries
• the distribution of imports per project
• the distribution of imports per library

i j k

A B C

?



Key idea from network science: Comparison to null (random) model

15

Counterfactual:
Projects:

Libraries:
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But randomly rewire the network.

i j k

A B C



Key idea from network science: Comparison to null (random) model
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Counterfactual:
Projects:

Libraries:

Preserve:
• all the projects
• all the libraries
• the distribution of imports per project
• the distribution of imports per library

But randomly rewire the network.

And repeat many times.i j k

A B C



This z-score estimates if two packages are used together more, less, 
or about as much as could be expected by chance.
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Observed number of times packages 
! and " appeared together until year #.

A B

i j k

C

i j k

A B C

Average (i.e., expected) number of times packages 
! and " appeared together over N simulations.



i j k

A B CA B

i j k

C

This z-score estimates if two packages are used together more, less, 
or about as much as could be expected by chance.
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Observed number of times packages 
! and " appeared together until year #.

Average (i.e., expected) number of times packages 
! and " appeared together over N simulations.

low high ⇒ atypical combination



Project-level aggregation is the average of pairwise atypicality z-scores

On average, projects are quite conventional.

19

More conventional 
(typical)

More unconventional 
(atypical)

See paper 
for more 
examples 

and 
validation



Recall our hypotheses
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https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/ 

Hyp: Projects that use more atypical combinations of 
libraries tend to be more popular.

→ Number of GitHub stars by time t

Hyp: More innovative projects tend to be less sustainable.

→ Number of new contributors joining by time t
→ Time till project becomes abandonment

https://www.tasteofhome.com/recipes/chocolate-peanut-butter-pizza/


Atypical (novel) projects tend to have more stars. 

21Years after project creation
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Atypical (novel) projects tend to have smaller teams (and higher 
probability of becoming abandoned).
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num_developers = … + β x atypicality + …



Tension between innovation and open source sustainability?
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• Creative expression is a main driver of contributing to open source
• Innovation seems to be rewarded with increased popularity

The “grunt work” 
of maintaining 
existing systems

Incentive to create 
ever-new things

Will it become increasingly harder to ensure that sufficient maintenance attention 
(developers, funding, etc) is being allocated to the projects that need it the most?
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