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WHO PARTICIPATES IN SCIENCE?

HOW DO THEY PARTICIPATE?

HOW ARE THEY REWARDED?



“WHAT DOES IT MATTER    
WHO IS SPEAKING?”

. . . . . . . . 
What is an author?
Michel Foucault (1969)



. . . . . . . . 
Functions of authorship
Birnholtz (2006)



. . . . . . . . 
Hyperauthorship
Cronin (2001)



. . . . . . . . 
Demise of the single author
Lariviere, Sugimoto, Tsou, & Gingras (2015)



. . . . . . . . 
What do we know about authorship?

There are differences by discipline.
--(Pontille, 2004; Biagioli, 2006; Biagioli, 2003; Birnholtz, 2006)

Authors do bad things. 
--(Gøtzsche et al., 2007; Flanagin et al., 1998)



. . . . . . . . 
Criteria for authorship
ICMJE 

Authorship credit should be based on 
1) substantial contribution to conception and design, or acquisition of 
data, or analysis and interpretation of data; AND

2) drafting the article or revising it critically for important intellectual 
content; and  AND

3) final approval of the version to be published. Authors should meet 
conditions 1, 2, and 3.  AND

4) Agreement to be accountable for all aspects of the work and identify 
which co-authors are responsible for specific parts of the work. Should 
have confidence in the integrity of the conclusions of their co-authors



AUTHORSHIP FAILS 
TO CAPTURE LABOR



. . . . . . . . 
New forms of attribution
PLOS

Authorship

Contributorship

Acknowledgements



. . . . . . . . 
Description of data
PLOS journal articles

Articles Author-article combinations

N % N %
Analyzed the data 85,900 98.7% 320,080 50.6%
Conceived and designed the experiments 85,406 98.2% 288,765 45.6%
Contributed reagents/materials/analysis tools 64,444 74.1% 220,331 34.8%
Performed the experiments 82,811 95.2% 311,679 49.3%
Wrote the paper 86,517 99.4% 287,796 45.5%
Other (20 243) 15,900 18.3% 79,978 12.6%

N distinct papers 87,002 100.0% 632,799 100.0%

Contribution



. . . . . . . . 
How distributed is the labor?
Distribution of contributions, by field
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. . . . . . . . 
Which contributions are isolated?
Contribution by number of contributions

Nb. of Contribution

1 2 3 4 5

Analyzed the data 0 0 0 0 0

Conceived and designed the experiments 0 0 0 0 0

Contributed reagents/materials/analysis tools 0 0 0 0 0

Performed the experiments 0 0 0 0 0

Wrote the paper 0 0 0 0 0

Contribution



. . . . . . . . 
Which contributions are related?
Association between contributions

Contribution
Analyzed the 

data

Conceived and 
designed 

the experiments

Contributed 
reagents/materials/

analysis tools
Performed the 

experiments
Wrote the 

paper

Analyzed the data 0 0 0 0

Conceived and designed
 the experiments 0 0 0 0

Contributed reagents/materials/
analysis tools 0 0 0 0

Performed the experiments 0 0 0 0

Wrote the paper 0 0 0 0



IS LABOR EQUITABLY 
DISTRIBUTED?



DR. RUTH
HUBBARD

“Women and nonwhite, working-class and 
poor men have largely been outside the 
process of science-making. Though we 
have been described by scientists, by and 
large we have not been the describers and 
definers of scientific reality. We have not 
formulated the questions scientists ask, 
nor have we answered them. This 
undoubtedly has affected the content of 
science, but it has also affected the social 
context and the ambience in which science 
is done.” (New York Times, 1981)



. . . . . . . . 
Gender differences in production?
Female/male productivity by country (2008-2012, Nature)



. . . . . . . . 
Gender differences by discipline?
Female/male productivity by discipline



. . . . . . . . 
Gender differences in collaboration?
National vs. international collaboration by gender



. . . . . . . . 
Implications for reward system?
Citation impact by type of collaboration and country



. . . . . . . . 
Citations v. Impact Factor
Disparity in citations and impact factor by gender



. . . . . . . . 
The impact factor gap
Disparity in impact factor by gender
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WHAT CAN CONTRIBUTORSHIP
REVEAL ABOUT GENDER?



. . . . . . . . 
Are labor roles gendered?
Odds of female contribution by type



. . . . . . . . 
Does the gender of the leader matter?
Proportion of authors contributing by author position



. . . . . . . . 
Many hands makes light work…
Contribution distribution by number of authors



WHAT DO THE 
AUTHORS HAVE TO SAY?



. . . . . . . . 
Authorship survey
Asking the authors

• Data: 5309 cases with all relevant variables 
(of more than 11k responses)

– Gender, rank, discipline, # of collaboratively authored 
publications

– Question: “Have you ever encountered disagreement 
regarding authorship naming?” (yes/no)

• Method: Logistic regression
• Results: Controlling for all other variables, 

women were significantly (p<.000) more likely 
to report author disputes than men. 



. . . . . . . . 
Disagreement factors by gender
Percentage of “very important” or “extremely important”
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. . . . . . . . 
Valued contributions by gender
Percentage of “very important” or “extremely important”
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BUT DOES IT CHANGE WHAT 
QUESTIONS ARE ASKED?



. . . . . . . . 
Gender as an object of study
Percentage of studies which examine male/female populations



. . . . . . . . 
Gender as an object of study
Percentage of studies with gender by subdiscipline



. . . . . . . . 
Gender as an object of study
Percentage of male/female authors incorporating gender
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WILL THE INTERNET FIX 
EVERYTHING?



. . . . . . . . 
Perpetuating disparities online
Self-presentation in scholarly profiles  (Tsou et al.,  2016)



. . . . . . . . 
Perpetuating disparities online
Self-presentation in scholarly profiles  (Tsou et al.,  2016)



. . . . . . . . 
Gender differences in altmetric indicators

Discipline
F M F M F M F M F M F M

Arts 0.35 0.37 4.53 4.09 18% 15% 0.03 0.04 0.01 0.01 0.01 0.01
Biology 2.39 2.49 12.62 13.39 25% 27% 0.12 0.14 0.04 0.04 0.01 0.02
Biomedical Research 4.03 4.66 15.41 18.27 40% 41% 0.36 0.39 0.09 0.13 0.02 0.03
Chemistry 3.79 4.41 6.42 7.09 19% 20% 0.04 0.04 0.01 0.02 0.00 0.00
Clinical Medicine 3.26 3.42 10.02 9.60 42% 39% 0.37 0.38 0.05 0.04 0.01 0.01
Earth & Space 3.05 3.31 10.70 9.69 23% 21% 0.16 0.15 0.06 0.07 0.02 0.03
Engineering & Technology 2.80 2.68 7.54 7.60 6% 6% 0.03 0.02 0.01 0.01 0.00 0.00
Health 1.62 2.00 10.87 11.29 54% 55% 0.27 0.30 0.05 0.09 0.00 0.01
Humanities 0.49 0.42 4.90 4.31 22% 24% 0.05 0.09 0.02 0.02 0.00 0.01
Mathematics 1.06 1.15 2.75 2.86 6% 6% 0.02 0.02 0.01 0.01 0.00 0.00
Physics 2.45 2.76 5.45 6.00 9% 10% 0.02 0.04 0.01 0.02 0.00 0.00
Professional Fields 1.24 1.42 18.63 19.77 37% 31% 0.09 0.07 0.03 0.02 0.00 0.01
Psychology 2.15 2.45 17.56 18.53 49% 48% 0.22 0.23 0.10 0.12 0.01 0.02
Social Sciences 1.34 1.40 12.81 12.70 36% 34% 0.11 0.11 0.04 0.06 0.01 0.01

Mendeley WikipediaTwitter Facebook BlogsCitations



IF BROADER IMPACT 
IS THE QUESTION…

…ARE ALTMETRICS THE ANSWER?



‘Impact’ is any effect on, 
change or benefit to the 
economy, society, 
culture, public policy or 
services, health, the 
environment or quality 
of life, beyond academia.

Output
65%

Impact
20%

Environment
15%

. . . . . . . . 
Searching for Broader Impacts
Research Excellence Framework (2014)



Broaden dissemination to enhance scientific 
and technological understanding, for 
example, by presenting results of research 
and education projects in formats useful to 
students, scientists and engineers, members 
of Congress, teachers, and the general public.

. . . . . . . . 
Searching for Broader Impacts
National Science Foundation (2016)



Impact on Diverse Communities. In assessing the 
impact of research/creative activity, reviewers 
should consider the variety of communities – inside 
the academy and beyond – which may be 
transformed in significant ways by a candidate’s 
work. The emergence of “public scholarship” 
expands the range of audiences to whom a 
scholar/artist may direct their research/creative 
activity, and sometimes the best of this work does 
not appear in narrowly-defined professional 
outlets.

. . . . . . . . 
Searching for Broader Impacts
Indiana University Bloomington P&T (2016)



CAN ALTMETRICS
REVEAL BROADER IMPACTS?



1. “an approach to uncovering previously 
invisible traces of scholarly impact by 
observing activity in online tools and 
systems”

2. “agues that citations, while useful, miss many 
important kinds of impacts”

3. “citations are products of a slow rigid formal
communication systems, while scientific 
ideas themselves are born, nursed, and 
raised in messy, fast-moving informal
invisible colleges”

. . . . . . . . 
Vision of altmetrics
Priem (2014)



Graphic by Stefanie Haustein

. . . . . . . . 
The promise of altmetrics



. . . . . . . . 
The critique of citations



. . . . . . . . 
Document-centered metrics



. . . . . . . . 
Article-level indicators



%

. . . . . . . . 
Signal strength and correlations
Haustein et al. (2014); Haustein, Costas, & Lariviere (2015)

Graphic by Stefanie Haustein



. . . . . . . . 
Geography of altmetric indicators

Tweeter's continent Citer's continent

Africa Asia Europe
North 

America Oceania
South 

America Africa Asia Europe
North 

America Oceania
South 

America

Africa 12.0% 6.0% 30.9% 40.7% 5.1% 5.4% 25.2% 32.0% 23.4% 13.5% 2.3% 3.5%

Asia 1.7% 17.4% 31.8% 35.9% 7.0% 6.2% 1.2% 63.2% 19.0% 12.9% 1.7% 2.0%

Europe 1.5% 6.7% 50.5% 31.5% 4.9% 4.9% 0.9% 22.8% 51.1% 20.1% 2.8% 2.4%

North 
America 1.4% 7.1% 30.6% 52.0% 4.1% 4.9% 0.8% 25.0% 28.4% 40.8% 3.0% 2.2%

Oceania 1.3% 5.2% 37.7% 32.0% 19.5% 4.2% 1.0% 22.9% 30.0% 22.4% 21.3% 2.4%

South 
America 1.8% 5.3% 33.8% 36.1% 8.7% 14.4% 1.5% 24.9% 25.1% 15.1% 2.2% 31.2%

Africa 7.6% 0.8% 0.8% 1.0% 0.9% 1.0% 23.5% 1.1% 0.8% 0.7% 0.8% 1.4%

Asia 10.9% 22.5% 8.3% 8.8% 12.5% 12.2% 26.2% 50.7% 15.3% 15.6% 14.9% 19.3%

Europe 35.9% 32.1% 48.9% 28.5% 32.7% 35.9% 29.2% 26.2% 58.7% 34.7% 34.5% 32.4%

North 
America 39.0% 40.0% 35.3% 56.1% 32.4% 42.3% 15.2% 17.8% 20.3% 43.8% 22.9% 18.5%

Oceania 4.8% 3.7% 5.5% 4.4% 19.3% 4.6% 3.0% 2.5% 3.3% 3.7% 25.3% 3.2%

South 
America 1.6% 1.0% 1.2% 1.2% 2.2% 4.0% 2.8% 1.7% 1.7% 1.5% 1.6% 25.2%
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BUT WHO ARE 
LEAVING THESE TRACES?



@paulcoxon

. . . . . . . . 
Self-identified status of scientists
Tsou et al. (2015)

N = 3,705 N = 1,030 N = 5,326



. . . . . . . . 
Prevalence of scholars’ use of Twitter
Bowman (2015)



. . . . . . . . 
What disciplines are active on Twitter?
Ke, Ahn, & Sugimoto (2016)



. . . . . . . . 
Who are the top scientists on Twitter?
Ke, Ahn, & Sugimoto (2016)



. . . . . . . . 
Representation on Twitter vs. Workforce
Ke, Ahn, & Sugimoto (2016)



. . . . . . . . 
Who is central in the Twitter network?
Fractionalized centrality measures by discipline



. . . . . . . . 
Assortativity of the Twitter network
Ke, Ahn, & Sugimoto (2016)



. . . . . . . . 
What do the subgroups look like?
Connectivity among subgroups in the Twitter network



. . . . . . . . 
How much of their tweets are scientific?
Proportion of scientists tweeting  scientific urls by discipline



. . . . . . . . 
What do scientists read?
Top tweeted URLs



. . . . . . . . 
Bot identification
Haustein et al. (2016)



. . . . . . . . 
Levels of engagement and bots



. . . . . . . . 
Marketing or impact?
Haustein et al. (2014)



. . . . . . . . 
Virality of social media platforms



. . . . . . . . 
Distinguishing attention from impact



. . . . . . . . 
Mendeley and Zotero user perspectives



SO WHAT NEXT?



. . . . . . . . 
Open <fill in the blank>



. . . . . . . . 
Defense of a core value
Daniel Colt Gilman (1878)

“It is one of the noblest 
duties of a university to 
advance knowledge, and 
to diffuse it not merely 
among those who can 
attend the daily lectures—
but far and wide” 





. . . . . . . . 
OA mandates
Roarmap.eprints.org (2017)





. . . . . . . . 
Defend and disrupt peer review
F1000 (2017)





. . . . . . . . 
Altmetric aggregators
Altmetric and PlumAnalytics



. . . . . . . . 
Initiative for Open Citations
I4OC
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. . . . . . . . 
Acknowledge new forms of search
GoogleTrends (2017)

 

Figure 2. Google searches for the three main citation indexes, 2004-2016. Source: Google 

Trends. 
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. . . . . . . . 
Model of science communication
UNISIST (1971)
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. . . . . . . . 
Platforming scholarly performance
Sondergaard, Andersen, & Hjorland (2005)
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. . . . . . . . 
Blurring of boundaries
Losing the distinctions between creators and consumers

Draft Tweet
Creator

Consumer

Prosumer



. . . . . . . . 
Open science, not feral science



. . . . . . . . 
Standardization and interoperability



. . . . . . . . 
Authorship badges
BioMed Central



. . . . . . . . 
CRediT taxonomy
PLOS



. . . . . . . . 
Transparency to end disparity?
Interoperability

Mentoring

Grant

Metrics

Publication

As Protégé

• Dissertation
• Advisor
• Discipline
• Institution
• More…

As Mentor

• Advisees
• Affiliation
• Discipline
• More….

NSF

•Award 
•Amount
•Time
•More…

NIH

•Award 
•Amount
•Time
•More…

NEH

•Award 
•Amount
•Time
•More…

Publication

• Papers
• Venue
• Topics
• More….

Citation

•Cites
•References
•More…

Collaboration

• Co-author
• More….

Demo.

Demographic

•Gender
•Career Age
•More…

SNS

•Twitter
•Facebook
•More…

Ref. Man.

•Mendeley
•Zotero

Press

•Blogs
•News
•More…



. . . . . . . . 
Avoiding goal displacement
Kardashian index (Hall, 2014)



WHAT SHOULD 
INSTRUCTION LIBRARIANS 
DO?



. . . . . . . . 
Defending openness & disrupting barriers
Role for instruction librarians (2017)

• Use and promote open access in training sessions 

• Provide programming that lessens barriers to participation 

for women and minorities

• Advocate for contributorship models which recognize the 

diversity of knowledge production 

• Approach new metrics with productive skepticism

• Encourage engagement between students and scholars

• Evaluate and contribute to the development of new tools



Thank you! 

Questions?

Cassidy R. Sugimoto
Associate Professor, School of Informatics and Computing
Indiana University Bloomington
sugimoto@indiana.edu
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