
Social dimensions of modern science:  

history,  scientific values  &  diversity



1. The origins of “modern” scientific values 
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1400 180016001500 1700

The Scientific Revolution

new scientific thinking:
• empiricism
• mechanism
• experimentation
• scientific societies

• come from outside 
of science

• retain role for God

• science for sake of 
science

thinking

human values



1400 180016001500 1700

Renaissance The Scientific Revolution

Islamic science assimilated and built upon Indian, Chinese, Greek, 
Aramaic & African scientific traditions.

Islamic Science paved the way for the European 
renaissance and scientific revolution

Middle east India China



1400 180016001500 1700

The Enlightenment

apply scientific thinking 
in new ways:
• society 
• government

• reason is a natural law 
that governs men and 
society (Locke)

• human values linked 
to science

• understand mankind 
via science (not 
religion)

thinking

human values



1400 180016001500 1700

The Enlightenment

1. origin story: “modern 
science” is European

2. hierarchies of knowledge 
systems… some are 
superior to others

3. “modern” values



2. The “view from nowhere” is a modern 
scientific value
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The “God’s eye view” in film



2. The “view from nowhere” & objectivity in modern science

The Royal Society …

founded: 1660

history: 1666



2. The “view from nowhere” & modern science

Externalist view of science/scientist:

• science ought to be external to 
system

• “omniscient being”
• unbiased
• infallible

• objectivity is a core scientific value

But… we are not Gods.
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3. Western science has always been entangled 

with Western values:

race and colonialism (as an example)  



• enlightenment invents human racial 
taxonomy we would recognize today

• Western science is “pointed at race” and 
it becomes a mainstream research 
activity (birth of race science)

• permanent (biological) racial 
hierarchy justifies simultaneous notions 
of enlightenment liberalism and slavery

1400 180016001500 1700

The Enlightenment

nascent forms of race and racism 
predate enlightenment



European colonialism and science

“Since its birth around the same time as Europeans began 
conquering other parts of the world, modern Western 
science was inextricably entangled with colonialism, 
especially British imperialism.”

― Dr. Rohan Deb Roy

• knowledge hierarchy: European science is ‘modern’ and 
superior (progress of knowledge)

• civilization hierarchy: educate and civilize less developed 
indigenous societies (progress of societies)

• racial hierarchy: some races are biologically inferior 
(progress requires European intervention)

• “The gracious gift of science”: scientific insights promote 
superior health, hygiene and sanitation among colonial 
subjects (“colonization of the body”, David Arnold)

“… in the coming century, the 
success of imperialism will 
depend largely upon success 
with the microscope”.

1902: Nobel prize for Medicine

Sir Ronald Ross



Francis Galton coined the 
term Eugenics in 1883 

1922 1930’s1869

Genetics and heredity transform race science → Eugenics and racial hygiene



Race science during and following World War II

“The truth, that it was perfectly possible for prominent scientists 
to be racist, to murder, to abuse people and knowledge, doesn’t 
sit easily with the way we like to think about scientific research. 
We imagine that it’s above politics, that it’s a noble, rational and 
objective endeavor, untainted by feelings or prejudice.” 

“Many of us choose to remember Nazi scientists as some kind of  
uniquely evil exception, nothing like scientists who found themselves 
on the winning side of the war.”

“This was never a simple story of good verses evil. The well of 
scientific ideas from which Hitler and others drew their plans for racial 
hygiene, leading to genocide, didn’t originate in Germany alone.  
They had been steadily supplied by race scientists for more than a 
century, from all over the world, supported by well-respected 
intellectuals, aristocrats, political leaders and women and men of 
wealth.”



Race science during and following World War II

“We imagine that it is well and truly over now… We imagine that 
the end of WWII spelled an abrupt end to race science. Eugenics is a 
dirty word. We are enlightened now. We are wiser.”

“But the story doesn’t end quite so quickly.  Although they may 
have tempered their politics, race scientists didn’t simply disappear 
after the war. Those that had built their work around eugenics … just 
found new avenues.”

“In the decades after the war, scientists in Britain and the United 
States airbrushed away their pivotal role in race science and 
eugenics, quietly moved into other fields, silently renamed their 
university departments, consigning the past to that dark chapter. 
History was rewritten by the victors.”

“The post war narrative of good triumphing over evil glossed over 
the messier truth. That in fact everyone who pointed a finger at 
others should have pointed a finger at themselves.”



Slaying the Beast: The unwritten rules
“My career has demonstrated that if you adhere to the 
written rules, you are likely to achieve reasonable success. 
However, my greatest weakness is that I did not effectively 
learn and apply the unwritten rules of the academy.    
   …professional scientists have different grasps of nature, 
history and philosophy of science.  These shortcomings often 
contribute to the prevailing ethos that scientific research 
and the scientific community are value-neutral entities. My 
experience is that they are not…  It is from here that many 
of the unwritten rules of the academy emanate.”

Joseph L. Graves Jr.
• 1st African to earn PhD in evolutionary biology
• evolutionary geneticist
• written extensively on genetics and race in American 

society (and debunking biological concepts of race)



4.  Values and modern scientific gatekeeping.
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• scientific standards
• training standards 
• volunteer peer review
• volunteer service
• communication
• data sharing
• scientific societies 

scientific gatekeeping

• quality control

• reproducibility

• self-correction

• self-interest

• political influence

• systematic bias

• diversity problems



A modern gatekeeping example:  

 How ideas about gender affected a scientific community, and how 

the gender of scientists affected ideas about behavioral ecology.



Sarah Blaffer Hrdy:  the social behaviour of non-human primates 

Representation and beliefs in science:  1970’s

• women are under-represented in this field prior to 1970’s

• consensus opinion: social and sexual lives of non-human 
primates are controlled by males

• more individual variation among males than females in 
reproductive success

• male sexual behaviour: “finely honed by selection”

• female behaviour: not evolutionarily significant
• “simple” & “unsophisticated”



“beliefs” shift after 1970’s:

• influx of female scientists starts in 70’s

• views on female primates shift (according to Hrdy & others)

• female scientists transform the field:

• different assumptions about female primate behaviours 

• watched female primate behaviour more closely

• similar shift on sex role in the science of bird behaviour

Sarah Blaffer Hrdy:  the social behaviour of non-human primates 



5. Science has a diversity problem
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M. Estrada et al.

As members of the Joint Working Group on Improving URM 
Persistence in STEM—convened by the National Institute of 
General Medical Sciences (NIGMS) and the Howard Hughes 
Medical Institute (HHMI)—our charge was to review current 
literature and explore barriers to undergraduate URM STEM 
persistence from a fresh perspective and enable constructive, 
innovative thinking regarding solutions. The committee was 
composed of educators with deep experience in addressing 
URM persistence in STEM, who convened for several multiday 
formal meetings and sustained ongoing conversations over the 
course of the past 3 years. Despite committee members’ diver-
sity in culture, training, and professional experiences, we 
strongly converged around the belief that 40 years of interven-
tion experience supported by NIGMS, HHMI, National Science 
Foundation (NSF), and other funders, coupled with more 
recent experimental research, has given us sufficient knowl-
edge to address the disparity in STEM fields much more effec-
tively. As a starting point, we address the pervasive pattern 
wherein URM students plan to undertake STEM majors in col-
lege at the same rate as do white students but do not graduate 
with STEM degrees at that same rate (Hurtado et al., 2009; 
Presidential Council of Advisors on Science and Technology 
[PCAST], 2012). The main problem now appears to be that 
there has not been a national commitment to enact and sustain 
the institutional initiatives necessary to capitalize on what we 
know and systematically track successes and failures as we 
move forward.

Planned Approach to Change
In the 1940s, Kurt Lewin proposed a now classic planned 
approach to change involving the concepts of field theory, 
action research, and a three-step model (Lewin, 1946, 1947). 
His theory (and method) for change provides a context in which 

to place the proposed recommendations of 
the working group. According to field the-
ory, a variety of forces maintain the status 
quo through contextual and individual 
inputs such as culture, values, norms, and 
roles. Change begins by recognizing the 
fields of influence in a situation and iden-
tifying the points at which there are 
“gatekeepers” that impede the flow of 
change in a system.

According to Lewin, group, organiza-
tion, or social system change does not 
occur by simply shifting individual behav-
ior but requires the larger system to shift 
as well. Lewin’s three-step model, which 
dominated the field of change manage-
ment for nearly 40 years and continues to 
be discussed as relevant (see Burnes, 
2004), provides an approach for creating 
system change. Lewin’s model describes 
the backbone to many change theories 
(Sarayreh et al., 2013) and shares ele-
ments with Elrod and Kezars’ (2015) 
newer, more detailed Keck/PKAL model 
for institutional change or Austin’s (2011) 
description of how to promote evi-
dence-based change. First, as Lewin 

describes it, a system or organization must become unfrozen, 
which can occur from destabilization or from creating aware-
ness that the status quo no longer is functional to achieve the 
aims of the group, institution, or larger social system (Lewin, 
1947). Second, the system experiences moving, which for Lewin 
involved an iterative process of engaging action research (see 
Figure 2). Action research classically is a spiral process that 
operates similarly to how a physician repairs a broken bone and 
includes the following steps: a) evaluate: collect information 
about the state of the situation; b) diagnose: use knowledge 
attained regarding the state of the situation and knowledge of 
what has worked in the past to identify the gatekeepers (aka 
barriers) and opportunities to improve the syst em; c) plan: cre-
ate a plan of action; and then d) take action. After action is 
taken, return to “a” and reassess the situation—are things bet-
ter or getting worse? Then one continues through the iterative 
process of adjusting the plan and implementations until the 
data show improvement. Importantly, this theory of change 
cannot occur without good data to inform the progress of 
change. Finally, when the system is in a new, functional, and 
perhaps thriving state, step 3, refreezing, occurs, which includes 
adopting the systems’ newer culture, policies, and practices 
(Cummings and Huse, 1989) and new norms and roles. The 
classical approach to action research recognizes the expertise of 
all persons involved in the system and encourages their active 
contribution to the change process.

With regard to addressing the issue of broadening participa-
tion, there was wide agreement that unfreezing (step 1) is 
occurring because the status quo is clearly not resulting in equity 
and broadening of the workforce (National Academy of Sci-
ences, National Academy of Engineering, Institute of Medicine, 
2007, 2010, 2011; PCAST, 2012; Carnevale and Strohl, 2013; 
Witham et al., 2015). What follows are recommendations for 

FIGURE 1. Current percentages of underrepresented minority, white and Asian/Pacific 
Islander populations with STEM degrees. URM includes African American, Hispanic or 
Latino/Latina, American Indian, and Alaskan Native. In this analysis, “STEM degrees” 
includes degrees categorized by the NSF as “Science & Engineering” (but excludes degrees 
in psychology and social sciences) in data tables prepared by the National Center for 
Science and Engineering Statistics based on data from the U.S. Department of Education’s 
IPEDS 2010 Completions Survey. Sources: population: U.S. Census Bureau, 2010 Census 
Summary File 1, tables PCT12H, PCT12I, PCT12J, PCT12K, PCT12L, PCT12M, PCT12N, and 
PCT120; degrees: NSF, National Center for Science and Engineering Statistics, special 
tabulations of U.S. Department of Education, National Center for Education Statistics, 
Integrated Postsecondary Education Data System, Completions Survey, 2001–10; and 
faculty: National Science Foundation statistics.

5





The problem:  STEM academic pipelines fail to retain underrepresented minorities (URMs).   
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DATA: National Center for Science and Engineering Statistics based on data from the U.S. Department of Education’s IPEDS 2010 Completions Survey. 

SOURCE:  Estrada, Mica, et al. "Improving underrepresented minority student persistence in STEM." CBE—Life Sciences Education 15.3 (2016): es5.
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Diversifying science matters.

Cognitive diversity will yield 

better science.

Groups of diverse problem solvers can outperform
groups of high-ability problem solvers
Lu Hong†‡§ and Scott E. Page¶

†Michigan Business School and ¶Complex Systems, University of Michigan, Ann Arbor, MI 48109-1234; and ‡Department of Finance, Loyola University,
Chicago, IL 60611
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We introduce a general framework for modeling functionally
diverse problem-solving agents. In this framework, problem-solving
agents possess representations of problems and algorithms that
they use to locate solutions. We use this framework to establish a
result relevant to group composition. We find that when selecting
a problem-solving team from a diverse population of intelligent
agents, a team of randomly selected agents outperforms a team
comprised of the best-performing agents. This result relies on the
intuition that, as the initial pool of problem solvers becomes large,
the best-performing agents necessarily become similar in the space
of problem solvers. Their relatively greater ability is more than
offset by their lack of problem-solving diversity.

A diverse society creates problems and opportunities. In the
past, much of the public interest in diversity has focused on

issues of fairness and representation. More recently, however,
there has been a rising interest in the benefits of diversity. In the
legal cases surrounding the University of Michigan’s admissions
policies and in efforts to curtail affirmative action in California,
Texas, and elsewhere, there have been claims that diverse
perspectives improve collective understanding and collective
problem solving. Coincident with this political and legal wran-
gling has been an effort on the part of scholars to identify how
to exploit this diversity both in solving hard computational
problems (1, 2) and in human organizations (3).

In the common understanding, diversity in a group of people
refers to differences in their demographic characteristics, cul-
tural identities and ethnicity, and training and expertise. Advo-
cates of diversity in problem-solving groups claim a linkage
among these sorts of diversity (which we will refer to as identity
diversity) and what we might call functional diversity, differences
in how people represent problems and how they go about solving
them. Given that linkage, they conclude that, because of their
greater functional diversity, identity-diverse groups can outper-
form homogeneous groups (4–6).

Building on earlier ideas from the psychology and artificial
intelligence literatures (7), we describe a mathematical frame-
work for modeling problem solvers that captures the functional
diversity that cognitive psychologists and organizational theo-
rists claim is correlated with identity diversity. In our framework,
agents possess internal representations of problems, which we
call perspectives, and algorithms that they use to locate solutions,
which we call heuristics. Together, a perspective-heuristic pair
creates a mapping from the space of possible solutions to itself.
A diverse group is one whose agents’ mappings are diverse. Our
perspective-heuristic framework is not minimal, because we
show in an earlier paper (8) that two problem solvers with
distinct perspectives and heuristics can act identically in the
space of solutions. However, the advantage of the full framework
is that it generalizes models in the computer science literature
that focus on diverse heuristics (1, 2), and models in the orga-
nizational behavior and psychology literature, which often em-
phasize diverse perspectives (3, 4, 6).

The conclusion that identity-diverse groups can outperform
homogeneous groups due to their greater functional diversity
rests upon a well accepted claim that if agents across groups have

equal ability, functionally diverse groups outperform homoge-
neous groups. It has also been shown that functionally diverse
groups tend to outperform the best individual agents, provided
that agents in the group are nearly as good (1). These results still
leave open an important question: Can a functionally diverse
group whose members have less ability outperform a group of
people with high ability who may themselves be diverse? The
main result of our paper addresses exactly this question.

Consider the following scenario: An organization wants to
hire people to solve a hard problem. To make a more informed
decision, the organization administers a test to 1,000 applicants
that is designed to reflect their individual abilities in solving such
a problem. Suppose the applicants receive scores ranging from
60% to 90%, so that they are all individually capable. Should the
organization hire (i) the person with the highest score, (ii) 20
people with the next 20 highest scores, or (iii) 20 people
randomly selected from the applicant pool? Ignoring possible
problems of communication within a group, the existing litera-
ture would suggest that ii is better than i, because more people
will search a larger space, but says little about ii vs. iii. The
intuition that agents with the highest scores are smarter suggests
that the organization should hire ii, the individually best-
performing agents. The intuition that the randomly selected
agents will be functionally diverse suggests that the organization
should hire iii, the randomly selected ones. In this paper, we
provide conditions under which iii is better than ii.

Thus, the focus of our analysis is on the tension between the
individual abilities in a group and its functional diversity. Under
the set of conditions we identify, as the initial pool of problem
solvers becomes large, the functional diversity of the group of
individually best-performing agents necessarily becomes very
small. Ultimately, the gain in individual abilities is more than
offset by the functional diversity of a group of randomly selected
people. It is in this sense that we might say diversity trumps
ability. This tension is established regardless of the precise
nature of group cooperation. Complementary to our study, a
computer science literature (2) has been addressing the ques-
tions of how to make the diverse group as effective as possible,
and how and when the algorithms should share hints, informa-
tion, and solutions, taking as a given that a diverse group does
better than an individual. Organizational theorists have also
focused on exploiting diversity. Their challenge has been how to
encourage people with diverse identities and backgrounds to
work together productively (3).

This paper focuses exclusively on functional diversity: differ-
ences in how people encode problems and attempt to solve them.
The claim that perspectives and heuristics may be influenced by
race, geography, gender, or age has much to recommend it, as
does the claim that perspectives and tools are shaped by expe-
riences, training, and preferences. However, even when applying
our result to those cases when identity diversity has been shown
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“The main result of this paper provides 
conditions under which, in the limit, a 
random group of intelligent problem solvers 
will outperform a group of the best problem 
solvers.”

“An ideal group would contain high-ability 
problem solvers who are diverse.”

“… even if we were to accept the claim that 
IQ tests, Scholastic Aptitude Test scores, and 
college grades predict individual problem-
solving ability, they may not be as important 
in determining a person’s potential 
contribution as a problem solver as would be 
measures of how differently that person 
thinks.”
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6.  Decline of the social contract 

between science and society 



public $

knowledge 
transfer

Government funds science on behalf of society



public $

knowledge 
transfer

Social contract assumes:

1. linear progress:  BASIC à APPLIED

2. “pure science” à special value

3. free from social influence (VFI)

Value Free Ideal (VFI):  Discovery of “pure truth” by basic science requires that it is free 

from social influence, and to deserve this autonomy scientists must be objective an 

impartial.

(negotiated when trust in science was highest)



public $$$$$

knowledge transfer

Scientists do NOT 
represent society’s 
interests.

Elites

political

extreme ideologies

unreliable

motivation

Public perception today…



How do we fix the problem?



public $

knowledge 
transfer

Reinforce the status quo? Reform the social contract?

• collective expertise

• co-production (stakeholder) model 

• bi-directional sci. comm.

• joint funding of science & humanities

• sci translation as social science

• values affirmation in STEM educ.

• ethics and citizenship in STEM educ.

• “truth & responsibility” in STEM educ.

⎼ vs. ⎼



“I am just a boy who liked frogs.”
⎯ Tyrone B. Hayes

“We have to change the way we 
do things in the ivory tower.”

“Now, you are here.” 

“We can change the past, but 
only if we act now, while there is 
still a future.”

https://www.youtube.com/watch?v=Hu0IXMTFY9Q




