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How does the structure of an organization 
impact its chances for achieving equity for 
scientists and engineers?

• Universities and most modern companies are 
bureaucracies (Weber 1922)
– Structures of hierarchical authority and resource distribution, 

formal policies 



Research Context: Life sciences
• US life scientists: since 1990s about half of PhDs are women
• Research-intensive workplaces: universities, large pharmaceutical 

companies, biotech start-ups, government science agencies
• National sample based on NIGMS records 
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Network Organizations v. Hierarchies
• Network Organizations: • Hierarchies:

Indefinite and sequential interaction 
structure, norms govern relations, 
partners pool resources, expectations 
foster collaboration but are not rule 
bound, flows of non-redundant “freer” 
info (Powell 1990).

Life sciences example: 
biotechnology firms dedicated to 
human therapeutics 

Question for women in science—do 
old boy networks flourish in the 
absence of rules?

Employment in formal authority 
structure patterns interaction, rules
govern relations, resources 
(including info) distributed 
according to rank, mass production 
of reliable products of a given 
quality.

Life sciences examples: 
multinational pharmaceutical 
corporations, universities

Question for women in science—
does bureaucratic procedure 
combat discrimination, or hide 
biased informal organization?
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Data sources

 US life scientists’ holding leadership roles in different 
organizational settings by gender: Smith-Doerr (2004).

 USPTO patenting by organizational setting and gender: 
Whittington and Smith-Doerr (2008).

 Massachusetts biotechnology firm founders by gender and 
immigrant status: Monti, Smith-Doerr and McQuaid (2010).



Change in Odds of 
Supervising in 
Network firms

Change in Odds of 
Supervising in 
Hierarchies

Men No difference No difference

Women 7.9 times more likely 60% decrease in 
odds

Source: Smith-Doerr (2004, Women’s Work), based on logistic regression 
analysis controlling for years since PhD, prestige of PhD program; N=2,062

Likelihood of scientists moving into supervisory 
positions, Network v. Hierarchical settings
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Note: All other variables are held at mean. 
Source: Whittington and Smith-Doerr (2008). N=961.



Why greater equity in biotech firms?
Clues from interviews (Smith-Doerr 2004, N=47).

1. Flexibility in collaboration
– About a woman scientist friend: “left a tenured position at [an elite 

university] to go to [a biotechnology firm]…said the university 
department under [Chairman] was an autocracy…could do 
science there [at firm]—working with who they wanted to rather 
than dealing with [Chairman].”

2. Transparency
– “From my experience at [academic setting] I could tell you many 

a true story about political infighting…[at biotech firm] we are not 
compartmentalized—and get to work with many good scientists 
both here and outside the firm. And we choose who to work with 
based on non-financial considerations, like how good they are in 
their field.”

3. Collective rewards
– “While I was on maternity leave here [biotech firm] I could keep in 

touch with my colleagues who kept it moving forward…when I 
was a postdoc at [prestigious academic institute], people 
collaborated somewhat, on the fringes of their work, but still had 
their main turf which they guarded carefully.”
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A Comparison of US data to Massachusetts and New 
England biotech founders
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US data from CPST (2002); 
MA data from Monti, Smith-Doerr & McQuaid (2007)

 Massachusetts biotechnology 
firm founders by gender and 
immigrant status: Monti, 
Smith-Doerr and McQuaid 
(2010).



Related findings in more recent work
Ding, Ohyama, Agarwal (2021) comparing 
academia to industry in US, over time
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Pickering (2015) comparing 
Australian biotech firms to 
academic life sciences: 
• “in firms, 57 percent of the men scientists 

are managers compared to 25 percent of the 
women scientists, a little over twice as 
many. 

• By comparison, in academic biotech 27 
percent of the men scientists are managers 
compared to 7 percent of the women 
scientists, almost four times as many. 

• These data show a distinctly more 
egalitarian outcome for women in 
firms.” 



The Covid-19 effect on equity in network 
organizations vs. hierarchy?
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Maintaining & Increasing Diversity during a pandemic: 
UMass ADVANCE TREE Approach
• Think ahead – collect data to 

understand short-term and long-
term impacts

• Resources – help faculty 
navigate short-term impacts

• Evaluation – adjust for pandemic 
impacts 

• Equity – guiding principle, not 
sidelined by pandemic 
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As a University of 
Michigan report
notes, “Do not let the 
25% of faculty able to 
be more productive 
during the global 
pandemic set the 
standard for the 75% 
who are not able to 
do so.”

(Clark, Misra, Mickey 2021)



UMass ADVANCE Interventions to address 
disparate Covid-19 impacts

• Hosted virtual town hall with Provost, Deans & faculty that 
revealed documentation of impacts as key faculty concern 

• Provided resources: pandemic impact statement tool, 
workshops on writing statements, trainings for evaluators (Dr. 
Beth Mitchneck), departmental impact statement template

• Circulated research & tool nationally, creating visibility for 
UMass

• Key collaborators: Provost’s Office, faculty union (MSP), 
Faculty Senate, Research Office, Office of Equity & Inclusion
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Key take-away points
Organizational structures that are less hierarchical and more 
collaborative not only foster gender and race equity, but also 
innovation and productivity

• Organizational characteristics that foster equity:
– Relationships: Giving women and BIPOC workers flexibility and autonomy in 

project collaborations
– Recognition: Providing transparency in resource distribution decisions, and in 

allocating credit
– Resources: Establishing collective rewards for groups, teams and units rather 

than just individuals
13



Thank you! Comments welcome:
lsmithdoerr@soc.umass.edu

https://www.umass.edu/advance/
Check out our ADVANCE tools on 

collaboration and equity!



Data and Infrastructure for 
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Roadmap

• Stylized facts about the Bioeconomy from the vantage point of my 
type of social scientist

• Implications for social scientific study of the bioeconomy

• Building data an infrastructure to understand, explain, and improve 
relevant research and training



Five Stylized 
Facts About 

the 
Bioeconomy

• Highly networked/reliant on complex strategic alliances (cites

• Very geographically clustered, often near major universities 
(cites

• Patents/IP have greater strategic importance than in other 
high-tech industries (cites

• Academia and federal research funding play a unique role 
(cites

• Regulatory Environment drives much of the action (cites

https://www.usalifesciences.com/us/portal/map.php

Buhr et al. 2021



Academia, Federal Funding, 
& the Bioeconomy

• Ideas and people who know how to apply them

• Increasingly porous boundaries between 
academe and industry

• Multiple types of sustained relationships, not just 
a one-way street

• In pharmaceuticals (at least), clear evidence of 
significant private value from corporate patents 
that build on on federally funded research 
(Azoulay et al. 2019)

• Connection to application (academic medical 
centers, agricultural extension etc.)

• Involves many agencies, many fields, and many 
(types of) institutions



If we want research to help understand, explain, 
and improve these contributions, we need:

A particular 
type of 
data

A varied and 
engaged research 
community

Policy-relevant 
fundamental social 
science



Why is 
research 

community 
important?

• We don’t know what we don’t know

• Credibility, Rigor & Replicability

• Understanding Social & Economic Impact

• Questions of Equity & Inclusion

• Generalizable lessons for a very diverse industry



Principles for 
Equitable Data 

• Equitable data systems must:

• enable disaggregated analysis of small, intersectional 
groups.

• protect individual privacy and engage relevant 
communities to establish risk/utility tradeoffs

• contain and protect data representative of the full 
diversity of groups/organizations etc.

• be accessible to all potential users with low financial 
and administrative bars to use of data

• be inclusive of all users, which requires support and 
routes to build capacity for everyone with access to 
make effective responsible use of the data

• provide value to all participants, as much as possible, 
on their own terms under risk/utility regimes that are 
acceptable to them



iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu

The Promise & The Challenge: understanding, explaining & improving the 
public value of science (Bioeconomy edition)

Bare minimum: 9 types of data producers/owners working under six types of restrictions with different, sometimes contradictory needs, 
disparate goals and a challenging history that can breed mistrust are needed to fill in step 2.

Data Types Produces/Owners Restrictions

Grant details Federal Science Agencies None for public data

Granular 
Expenditures

Universities State & Federal Law, 
institutional, contractual

Student records & 
transcripts

Universities, State Higher 
Education Agencies

State & Federal Law, 
institutional, contractual

Survey information 
(e.g. SED, BRDIS)

Federal Statistical Agencies Federal Law, Human 
Subjects Protections

Scientific 
Outcomes

Federal Agencies (USPTO, 
NLM), Publishers (Elsevier, 
Clarivate, ProQuest), 
Repositories, University Tech 
Transfer Offices

None for public data, 
proprietary, contractual, 
institutional policies

Employment & 
Workforce

State Workforce Agencies, 
Federal Statistical Agencies, 
Corporations

Federal & State Law, 
proprietary



iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu

Much of the value of big data comes from constructing data mosaics

Comprehensive 
Linking Assets -
People, Grants, 

Outcomes

Can answer some questions 
with individual “tiles” 

Exponentially more possibilities 
with linked data from many 

sources 

IRIS’ goal is to construct, protect, use and share a large-scale data mosaic that can answer previously unanswerable 
questions to help understand, explain and improve the public value of higher education and research.  



iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu

IRIS is..



How Does IRIS Work?

Currently

• Data on 450,000 (federal & non-
federal) sponsored projects that pay 
721,000  people

• Data on ~$100 billion of research 
spending

• Broadly representative of NSF & NIH 
Award Portfolios

• Data on >41% Academic R&D 
spending

• 4 research data releases

• >340 users from about 150 
institutions

iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu



UMETRICS 2020 Dataset Integrate & Link with > 50 data streams

Of relevance to questions about the 
Bioeconomy
• Research Characteristics  & 

Outcomes– ProQuest Dissertations, 
Medline, Web of Science, Federal 
Grants, Patents

• Employment Outcomes –
SteppingBlocks, Census Bureau, SED

• Process of Science – research 
activities, topics, teams, competition 
effects

• Capturing “whole” relationships with 
corporate partners - industry funding, 
learning by hiring, procurement and 
supplier relationships

• Technology transfer and product 
development (in pilot) – Clinical trials, 
licensing & private equity, approved 
drugs and devices

iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu



1. University transaction data – Restricted
2. US Census outcome data – Restricted
3. Federal grant data – Public
4. US Patent Office data – Public 
5. Publication data – Public & Restricted
6. Dissertation data – Public & Restricted

IRIS Vision: Long-term, comprehensive data about academic 
researchers and teams

Persistent URL

https://doi.org/10.21987/9wyn-8w21

iris.isr.umich.edu     @IRIS_UMETRICS     IRIS-info@umich.edu



What data 
extensions 
might flesh 

out the 
‘bioeconomy’ 

mosaic?

• University technology transfer data (in pilot)

• Clinical trials and FDA approval data (in pilot)

• Venture capital and private equity funding data 

• Health care information (e.g. Medicare Claims data 
- in pilot)

• Your items here



What kinds of questions might this 
mosaic allow researchers to answer?

• How does multi-agency science funding (e.g. 
applied biomedical support from NIH coupled with 
fundamental science support from NSF) shape the 
character of research produced by teams? It’s 
bioeconomy impact?

• How do complicated relationships between 
academic research teams and corporations (e.g. 
industrial funding, hiring of students, supplier 
relationships) shape scientific and employment 
outcomes?

• How might research training best prepare graduate 
students for bio-economy careers?

• . . . 



Thoughts, Questions?
Thank you.



J. Benjamin Hurlbut
School of  Life Sciences
Arizona State University

A Beneficent Bioeconomy?
Ethics, Innovation and the Public Good





“…as yet unimagined foundational technologies will 
provide the next quantum jump in the ability to 
understand biological systems and further realize the 
potential of  the bioeconomy.”

“…promises a vibrant bioeconomy with vast societal 
benefit.”



“…would enunciate and address 
broad and challenging societal 
problems .” 

Committee on a New Biology for the 21st Century: Ensuring the United 
States Leads the Coming Biology Revolution; National Research Council. A 
New Biology for the 21st Century. Washington, D.C.: The National Academies 
Press, 2009.





Lack of  public trust or conflict with public values

“…underlying ethical or social concerns or value 
conflicts…may be crucial to public acceptance…”



The committee recognizes that public acceptance will 
be important to the development of  the bioeconomy 
and the realization of  its potential benefits. However, 
public acceptance cannot be addressed at the level of  
the bioeconomy as a whole. Each product, service, or 
technological innovation developed by the 
bioeconomy… will be judged by the public on its own 
merits, through mechanisms and public engagement 
approaches that will depend on the particular 
application involved. 



• Singular products over systems, regimes, 
programmatic visions (including of  social benefit, 
wellbeing and progress)

• Segregates Science, Technology and Society
• Delimits questions to the particular, concrete and 

immediate, and away from the future and 
aspirational

• “Do I want it,” not “what future do we want.” (and 
“who is the we who is empowered to imagine it?”)    
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Ethics



The Bioeconomy

Bios
Oikos
Nomos

Life
Home
Law



• Certification (ethical oversight)

• Inoculation (RCR) 

• Integration (embedded ethics)

• Subsidiarity (ethics of…; ELSI) 

• Reaction (innovation, progress and lag)
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Limited imaginations of  stakes and stakeholders

Members of  the Havasupai Tribe performing a burial ritual 
while retrieving blood samples from ASU



“We would like to assure the public that these experiments 
have been conducted with appropriate regulatory 
oversight …by highly trained and responsible personnel 
…”

Fouchier, Ron et al. “Pause on Avian Flu Transmission Studies.” Nature 481, no. 
7382 (2012): 443–443.

Delimited Questions (and Answers)



Transgressions in the making



Legacies and Infrastructures



Engineering in Ethical Controversy



• Certification (ethical oversight)

• Inoculation (RCR) 
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• Textbook integrity (and misconduct)
• Rules and conduct over inquiry and humility
• Little emphasis on uncertainty and ambiguity, or 

cultivation of  reflection, deliberation and 
recognition of  positions of  authority, privilege 
and power.
• Is “enunciating... societal problems” 

(ir)responsible research?
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ELSI/A
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“….as is always the case, the speed at 
which the science is advancing outpaces 
societies ability to grasp its 
implications.”  

--Marcia McNutt 



Scienceà Technologyà Society





Project overview

“If  we are waiting for society to reach a 
consensus…its never going to happen....But 
once one or a couple of  scientists make first 
kid, its safe, healthy, then the entire society 
including science, ethics, law, will be 
accelerated.  Speed up and make new 
rules…So, I break the glass…”

--He Jiankui, December, 2018



“There has been a line drawn by many that 
says…you should refrain. That was mostly 
because there was no way of  considering 
how to do that at all....so nobody was 
arguing that it should be done.” 

--Richard Hynes, NASEM Human Genome 
Editing committee co-chair, February, 2017 



Arthur Caplan on germ line 
genetic modification:

"I understand the 
concern about 
where we might go. 
I'm going to worry 
about that when I 
get there."



A robust “ethics” requires:

Assessing institutions, not just 
experiments.

Looking back as well as forward to 
see patterns, routinized practices, 

frequently unasked questions. 



EVISTà STS



We must decide how to live well with 
new knowledge and technologies.

“Ethical” problems are problems of  
deliberation, delegation and 

governance.

Who is (gets to be) “we”?



Valuing Life
Instrumentalizing Life



A commitment to ethics must be a 
commitment to infrastructures of  

deliberation.

Ethical responsibility requires asking 
hard questions together, and as an input 

to, rather than a consequence, of  
research. 



Governance (of  S&T) is a problem of  
democratic governance that depends 

upon collectively seeing, affirming and 
constantly revisiting how, why, and 

to whom we delegate 
authority and responsibility. 



• Independence for collaboration 
(not subsidiarity)

• Deliberative education
• good scientific citizens
• good citizen scientists

• Recognize and reinforce existing 
capacity. (Just because its new…)









• Independence for 
interdependence (not subsidiarity)

• Deliberative education
• Good scientific citizens
• Good citizen scientists
• Resources, credit

• Recognize and reinforce existing 
capacity. (Just because its new…)



…enunciate and address broad and 
challenging societal problems.



Thanks!
bhurlbut@asu.edu
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