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Singh’s Law

Every discussion in science ends up in a discussion on 
tenure and grants.

 --Deepak Singh
mndoci.com/2010/05/06/singhs-law/
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• Open Source

• Open Notebook

• Open Data

• Open Metadata

• Open Peer Review

• Open Access

• Science 2.0

What is Open Science?
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Public accessibility and 
transparency of scientific 
communication.

Using web-based tools to 
facilitate scientific collaboration.

Transparency in experimental 
methodology, observation, and 
collection of data.

Public availability and re-use of 
scientific data.
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Reproducibility

“The statements constituting a scientific 
explanation must be capable of test by reference 
to publicly ascertainable evidence.”  

- C. Hempel, Philosophy of Natural Science 49 (1966).

Experiments must be reproducible in both a conceptual and an operational 
sense.  This is one of the cornerstones of the scientific method.

Is it healthy for scientific papers to be supported by computations that 
cannot be verified except by a few employees at a commercial software 
developer?  Is this even science?

See:  www.bannedbygaussian.org
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• Modern science relies to a very large degree on computer 
simulations, computational models, and computational analysis of 
large data sets.

• These methods for doing science all have underlying theoretical 
assumptions that are reproducible in principle. For very simple 
systems, this is nearly the same as reproducible in practice. 

• As systems become more complex, calculations that are 
reproducible in principle are no longer reproducible in practice 
without public access to the code, data, and meta-data.

• It is therefore imperative for skeptical scientific inquiry that  software for 
simulating complex systems be available in source-code form.

Reproducibility & Open Source Software
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Two Open Source Science Codes

OpenMD
Started:

Purpose:

Languages:

Developers:

Lead Developers:

Code base:

Person-Years:

Estimated Development Costs:

Explicitly-funded Costs:

Downloads:

External Citations:

Citations to lead developers:

1998 2004

Molecular Visualization Molecular Dynamics Simulations

Java C++, F95, Python

29 9 (mostly graduate students)

5 1

365,465 lines 91,373 lines

95 23

$5,234,000 $545,000

$0 $0

Over 350,000 at 
SourceForge alone, 

(possibly millions more)
29,000

13 3

3 3

The entries in red point out some major problems.
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Open Notebook
Open Notebook science makes available the entire record of a 
research project as it is recorded.  Some examples:
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Open Notebook
Publicly searchable lab protocols:
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Open Data

Alex Kandel, one of my 
colleagues at Notre 
Dame, puts all of the raw 
data from his Scanning 
Tunneling Microscopes 
online as soon as it is 
acquired.

The idea that primary scientific data should be available to 
anyone without restrictions from copyright, patents, or other 
mechanisms of control.
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Open Access
Publishing scientific findings in such a way that the findings of a study 
are accessible to all potential users without any barriers.
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• Recognition & Attribution

• Copyright & Licensing

• Sustainability

Things we’ll have to figure out before 
Open Science is a workable model:
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• Scientists stay alive professionally by publishing.

• Paper count

• Citation count

• h-index

•What happens if time and effort exerted in pursuit of open science 
projects reduces the ability to publish?

•Why aren’t open projects treated like publications?  How do you cite an 
online STM image database?  A blog? An open source project? How does 
that citation get tied to a particular researcher?

Attribution metrics should (but don’t) take into account:

1. Amount of scientific effort,

2. Complexity of the work,

3. Importance of the work to the scientific community,

4. Externalities of the work beyond the scientific community.

Recognition & Attribution

Tuesday, May 25, 2010



Recognition & Attribution
The main problem of “Open” forms of scientific reputation-building is 
that there’s no way to tie these efforts (those outside of traditional 
publications) into a metric that can be used by institutions.
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Copyright & Licensing

• If you publish an algorithm in a society journal (even in a condensed 
or pseudo-code form), is it OK to release that code under the 
GPL?

• Do online lab image archives violate journal copyrights?

• Is it OK to reprint an excerpt of your paper in your blog?
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Sustainability
From the Strategic Content Alliance (SCA) report: “Sustainability and Revenue Models for Online Academic 
Resources” by Kevin Guthrie, Rebecca Griffiths, Nancy Maron:

We define ‘sustainability’ as having a mechanism in place for generating, or gaining access to, the 
economic resources necessary to keep the intellectual property or the service available on an 
ongoing basis.

Why is sustainability so difficult?  PIs in academia have experience: 1) doing research, 2) 
writing papers, 3) teaching, and 4) securing funding.  This expertise is quite different from 
what is required of a leader of “service enterprises”.

Their suggested models for Sustainability:
1. Direct beneficiaries pay 

a. Subscription or one-time payment 
b. Pay per use 
c. Contributor pays 

2. Indirect beneficiaries pay 
a. Host institution’s support 
b. Corporate sponsorships 
c. Advertising 
d. Philanthropic funding 
e. License content www.jisc.ac.uk/contentalliance 
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Can these mechanisms work to support OpenSource science software?  
Certainly not all of them:

1. Direct beneficiaries pay 
a. Subscription or one-time payment 
b. Pay per use 
c. Contributor pays 

2. Indirect beneficiaries pay 
a. Host institution’s support 
b. Corporate sponsorships 
c. Advertising 
d. Philanthropic funding 
e. License content 

Our attempts to define sustainability models for scientific software projects:
1. Sell something physical (i.e. a spectrometer)
2. Sell services (i.e. support for a complicated program)
3. Sell advertising
4. Dual-license (i.e. academic vs. commercial software licensing)
5. Differentiate between single-run and high-throughput versions
6. Philanthropic funding 
7. Anything Else?

Sustainability

Direct barriers to verifiability

Current models.  Not working well!

Sparse, and cannot be relied upon
Potential conflicts of interest

Who would license it?
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Sustainability
Most of the grant-funding agencies are mission-driven.

NIH, DOE, DARPA all fund specific scientific projects.  There is little room 
for projects which may enrich the overall scientific enterprise but which 
generate little data themselves.  One agency is an exception: NSF

What are the broader impacts of the proposed activity?

How well does the activity advance discovery and understanding while 
promoting teaching, training, and learning? How well does the proposed 
activity broaden the participation of underrepresented groups (e.g., gender, 
ethnicity, disability, geographic, etc.)? To what extent will it enhance the 
infrastructure for research and education, such as facilities, instrumentation, 
networks, and partnerships? Will the results be disseminated broadly to 
enhance scientific and technological understanding? What may be the 
benefits of the proposed activity to society?
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Outlook

It is vital that we do these things, but I’m not 
particularly sanguine about the outlook for Open 
Science.   I do have some advice:

• Have multiple project “leads”.

• Think about how other researchers can cite your work.

• Think about how your institution will view your work.

• Use an appropriate widely-recognized license.

• Don’t expect your project to be sustainable in the current 
funding climate.

• Any solution to these problems is going to have to work 
within the established behaviors of the various communities.
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