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Data Science vs Computational Science

• Oversimplified definitions and examples:
• Data science - trying to use data to produce an 

understanding of something
• Does drug X or drug Y better cure disease A? Give some 

people with disease A drug X, and some drug Y, use data to see 
what happens over time

• Computational science - trying to use models and 
simulations to understand something
• Build models of the molecular structure of drugs X and Y. Build 

a model for how the body acts with disease A, and without 
it. Combine the models to see how drugs X and Y interact with 
the body with disease A. Which has more effect in moving the 
body model towards the model without disease A.
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Software vs. data

• Software is data, but it is not just data
• Data (in computing and information science): anything 

that can be processed by a computer
• Software: special kind of data that can be a creative, 

executable tool that operates on data
• Software & data are similar in with regard to credit and 

metrics, and both traditionally have not been cited in 
publications

Katz DS, Niemeyer KE, Smith AM, Anderson WL, Boettiger C, Hinsen K, Hooft R, Hucka M, Lee A, Löffler F, Pollard T, Rios F. 
(2016) Software vs. data in the context of citation. PeerJ Preprints 4:e2630v1 https://doi.org/10.7287/peerj.preprints.2630v1



Software in research

• Claim: software (including services) essential for 
the bulk of research

• Evidence from surveys
• UK academics at Russell Group Universities (2014)
• Members of (US) National Postdoctoral Research Association (2017)
• My research would not be possible without software: 67% / 63% (UK/US)
• My research would be possible but harder: 21% / 31%
• It would make no difference: 10% / 6%

S. Hettrick, “It's impossible to conduct research without software, say 7 out of 10 UK researchers,” Software 
Sustainaiblity Institute, 2014. Available at: https://www.software.ac.uk/blog/2016-09-12-its-impossible-conduct-
research-without-software-say-7-out-10-uk-researchers
S.J. Hettrick, M. Antonioletti, L. Carr, N. Chue Hong, S. Crouch, D. De Roure, et al, “UK Research Software Survey 
2014”, Zenodo, 2014. doi: 10.5281/zenodo.14809.

U. Nangia and D. S. Katz, “Track 1 Paper: Surveying the U.S. National Postdoctoral Association Regarding Software 
Use and Training in Research,” Zenodo, 2017. doi: 10.5281/zenodo.814102



Software in scholarship

• Claim: software (including services) 
essential for the bulk of research

• Evidence from journals:
• About half the papers in recent issues of Science 

were software-intensive projects
• In Nature Jan–Mar 2017, software mentioned in 32 of 

40 research articles
• Average of 6.5 software packages mentioned per article

U. Nangia and D. S. Katz, "Understanding Software in Research: Initial Results from 
Examining Nature and a Call for Collaboration," arXiv, 2017. https://arxiv.org/abs/1706.06527



Why is capturing software in research useful?

• Scientific research is becoming:
• More open – scientists want to collaborate; want/need to share
• More digital – outputs such as software and data; easier to share

• Significant time spent developing software & data
• Efforts not recognized or rewarded
• Citations for papers systematically collected, metrics built

• But not for software (& data)

• Want to appropriately reward software developers
• Want to better understand research by including software



How to better measure software usage

• Citation system was created for papers/books
• We need to either/both

1. Jam software into current citation system
2. Rework citation system
• Most people focus on 1; 2 is very hard.

• Challenge: not just how to identify software in a paper
• How to identify software used within research process 



Software citation today
• Software and other digital resources currently appear in publications 

in very inconsistent ways
• Howison: random sample of 90 articles in the biology literature -> 7 

different ways that software was mentioned

• Studies on data and facility citation -> similar results
J. Howison and J. Bullard. Software in the scientific literature: Problems with seeing, finding, and 
using software mentioned in the biology literature. Journal of the Association for Information Science 
and Technology, 2015. In press. http://dx.doi.org/10.1002/asi.23538.


