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Executive Summary
Discussion and debate about the relationship between science and society have been ongoing
for centuries. Recent years, however, have seen an intensification and broadening of the
discussion, involving policy makers, the public and the scientific and engineering communities.
The existential crises posed by developments in weaponry and nuclear power, climate change,
and by the COVID-19 pandemic have heightened the interest and the urgency in addressing the
question of what responsibilities are held by scientists and engineers to the broader society in
which they work and in which the knowledge and tools they generate are applied. Currently,
those discussions occur without a broad empirical underpinning, specifically with regard to the
views of scientists and engineers themselves. It was that gap that this study aimed to fill.
This study comprised two core elements, the first being a global survey of scientists and
engineers aimed at documenting (1) the views of scientists and engineers on their social
responsibilities; (2) the different sources of their beliefs about such responsibilities; and (3) the
factors that influence their ability to fulfill their social responsibilities. The survey was designed
with the intention of analyzing differences and similarities across a series of demographic
variables. The second element built on the findings of the global survey and involved a United
States (U.S.) focused qualitative analysis aimed at documenting the views of leading scientists
and engineers; instructors in the responsible conduct of research; academics; administrators;
and funders of research in science, technology, engineering and math with regard to (1) the
social responsibilities of scientists and engineers; (2) the behaviors of scientists and engineers
relative to those responsibilities; and (3) mechanisms to support scientists and engineers in
fulfilling their responsibilities. The survey findings and qualitative analysis were the compared.
The survey was conducted in partnership with 18 scientific and engineering membership
organizations, primarily in the United States, and was fielded in the six languages of the United
Nations (UN). At the completion of the survey process, there were 4,789 useable, in-scope
responses from a sample of 134,388, for a response rate of less than 4%. As a result, the
findings cannot be considered representative of the sample frame and the analysis presented in
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this report is descriptive in nature. A likely response bias is that those who answered the
questionnaire were particularly interested in the subject. The distribution of respondents was
highly skewed towards older individuals. Yet, the distribution of respondents by other
demographic characteristics appears consistent with what is known about the sample frame.

Findings
Among the scientist and engineer participants in this study, there was a sense of responsibility
to society. Respondents indicated that the following ten responsibilities listed on the survey
were the most important, in order:
1. Mitigate personal biases in your research and when offering expert advice;
2. Foster the interests of young generations in science and engineers;
3. Take steps to prevent or minimize the risks to society associated with the conduct of
your work/research;
4. Promote public access to scientific and technical information;
5. When it comes to your attention, address any improper use of your research findings or
products by others;
6. Notify appropriate authorities of suspected or observed research/professional
misconduct;
7. When deciding on what work/research to pursue, take into account whether its
potential effects would benefit or harm society;
8. When communicating research findings, acknowledge other relevant research
interpretations, whether or not consistent with your own;
9. Advocate for publicly funded science and engineering that improves the quality of life
for some or all members of society; and
10. Communicate your work in a way that makes it understandable to the public
In addition to these ten responsibilities, an additional responsibility was suggested by the openended responses to the survey as well as by the interviews and focus group, and that is the
responsible management of public research funds.
9
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Mentors, as well as colleagues and peers, were identified by study participants as having
particular influence on the views of scientists and engineers as to their social responsibilities. In
contrast, codes of ethics and similar rule-based documents, policies, programs and practices of
professional societies, as well as secular ethical frameworks, were found not to have impact in
shaping a sense of social responsibility.
The findings further suggest that scientists’ and engineers’ views on social responsibilities may
differ by discipline (particularly among life, behavioral and social scientists as compared with
engineers, mathematicians, and statisticians) as well as possibly by employment sector, gender,
and age. These differences cannot, however, be viewed as definitive.
In general, survey respondents’ views on the importance of various social responsibilities were
not matched by high levels of reported action in accordance with those behaviors.

What next?
The results of this study suggest potential further lines of research to determine whether the
patterns of responses found, particularly with regard to the importance of certain behaviors as
social responsibilities, and the apparent differences according to certain demographic
characteristics, are generalizable.
This study’s findings also suggest further areas for follow-up work, in particular for
scientific/engineering institutions and organizations (e.g., to identify and engage mentors in
dialogue on the social responsibilities of scientists and engineers so that they, in turn, can
engage and support their mentees); for educators and trainers (e.g., to explore how instructors
in the responsible conduct of research might incorporate material concerning the social
responsibilities of scientists and engineers); and for scientific and engineering societies (e.g., to
create tools to support behavior consistent with the social responsibilities agreed to within a
given discipline).
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1. Introduction
The relationship between science and society has been a topic of discussion throughout the
history of scientific thought and development. In the 1500s, Francis Bacon, considered the
father of scientific epistemology, described science as “a system whose ultimate goal would be
the production of practical knowledge for ‘the use and benefit of men’ and the ‘relief of the
human condition’” Simpson, n.d. .
It was the horrors of the Holocaust as well as the use of atomic power in World War II that
spurred a catalytic push to address the social context in which science and scientists operate.
The aftermath of World War II saw the drafting of the Nuremberg Code to provide a framework
for the treatment of human subjects of scientific research, as well as the adoption by the UN of
the Universal Declaration of Human Rights (UDHR) (UN, 1948) to provide a global framework
for the protection of human rights generally, including the right to “share in scientific
advancement and its benefits” Article 27). The former gave rise to increasingly clear and often
codified articulations of the internal responsibilities of scientists toward their research subjects,
their peers and the scientific community more broadly. The latter tied the well-being of society
to the conduct of scientists and the application of scientific knowledge but, unfortunately,
without any clarity as to how these should be connected in practice.
Today, the current COVID-19 pandemic has thrown into stark relief the complex relationship of
mutual dependence of science and society. Despite decades of academic, policy and public
attention, what is, could and should be the nature of that relationship remains a question of
debate and discussion with limited empirical bases, particularly with regards to how scientists
and engineers themselves view this relationship and their resulting responsibilities.
Societies’ perspectives on the role of science and engineering in society as well as society’s
expectations of scientists and engineers are multiple and derive from varied sources. The
public’s financial support of research drives a reasonable expectation of a return on investment.
The same gives rise to calls for public engagement in deciding the directions of such research
(Jasanoff 2010, Krogsgaard-Larsen et al 2011). As such, the social relevance of science and
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engineering has become crucial to securing public support. There have also been increasing
demands from multiple quarters, both at the domestic and international levels, for government
policies to be evidence-based, taking into account the best available science (Akerlof, 2018;
Sarewitz, D, 2020; UN, 2020). Finally, the societal impacts of scientific knowledge and
technological innovation are immense and not always without negative consequences. Society
relies on science and technology to live and prosper, and individually and collectively looks to
scientists and engineers for authoritative answers to complex problems. At the same time,
society is leery of the sometimes unwelcome effects that new knowledge and technologies
bring, leading to a growing call for increased transparency and accountability (Pew Research
Center, 2020).
The awakening within the scientific community to the need for more and more effective
engagement with society, policy and policy-making processes has been a gradual one, often
spurred by the perception of external threats to science, and opportunities to build on related
social movements. In the years preceding the current pandemic, for example, the need for the
scientific enterprise to engage directly in social issues became clamorous, aided by mass
communication tools and fueled by the urgency of the emerging social challenges made evident
through science, particularly climate change. In 2014, over half a million scientists, activists, and
citizens participated in the People’s Climate March which at the time was recognized as the
“largest climate action in history” Kahn,

. That march, combined with the

March for

Science movement, highlighted the importance of effective science communication and for
evidence-based decision making in all policy areas for which science could provide an informed
basis for debate and deliberation. It galvanized the scientific community to action and advocacy
in a way and at a scale seldom seen before.
In 2017, the #MeToo movement emerged to highlight the extent and realities of sexual abuse
and sexual harassment in society. That movement soon prompted corresponding “ScienceToo
and #MeTooMedicine movements and, in 2018, the United States (U.S.) National Academies
released its consensus study report Sexual Harassment of Women: Climate, Culture, and
Consequences in Academic Sciences, Engineering, and Medicine (NASEM, 2018). That report was
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a major milestone in a decades-long effort within the scientific, engineering and medical fields
to improve the recruitment, retention, and advancement of women and its bottom line was
that “A systemwide change to the culture and climate in higher education” is needed.
That call came in the context of broader and equally long-standing efforts to address diversity,
equity and inclusion writ large within the scientific community. Incremental legislative
evolution and executive action focused on better serving minorities, women and minorityserving institutions has occurred for the past several decades. Recent examples include the
Women in STEM initiative of the Obama administration and the 2019 Fostering Undergraduate
Talent by Unlocking Resources for Education (FUTURE) Act. A fire was lit under these efforts in
2020 with the death of George Floyd at the hands of police, a tragedy that sparked the Black
Lives Matter movement and led to the #ShutDownSTEM and #ShutDownAcademia efforts. The
same catalytic event prompted the creation of countless racial justice science organizations,
such as BlackinNeuro, Black in Science Communication, Particles for Justice, and Vanguard
STEM.
The awakening within the scientific and engineering communities to the need to better
understand, be more inclusive of, and engage with society comes amid a backdrop of ethics
trainings, often mandated by funders and/or licensing boards, that are limited in scope to focus
on professional ethics, not taken seriously by many scientists and engineers, and with mixed
results for participants (Powell et al. 2007). Furthermore, systemic barriers in the broader
research ecosystem limit the impact of ethics training (Jeske, 2020; Newberry, 2004; SmithDoerr, 2009). Increasingly done as online training, scientists and engineers do not find these
trainings meaningful, and their implementation may even lead to researchers devaluing ethics
(Smith-Doerr, 2009). Moreover, the content of ethics training varies widely across institutions
and fields (Keefer et al., 2014). Recent work has shown that current modes of ethics trainings
are typically viewed as ways to “check the box” Joyce et al.

, as opposed to substantive

engagement with the subject matter.
It is clear that “science and society…have each invaded each other’s domain, and the lines
demarcating the one from the other have virtually disappeared … Experts must respond to
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issues and questions that are never merely scientific and technical, and must address audiences
that never consist only of other experts … science must now be sensitive to a much wider range
of social implications” Gibbons,

. As a result, today “Science…has to meet a series of

public expectations, not only about its products but also about its processes and purposes”
(Jasanoff, 2010). As a community, however, scientists and engineers, do not have clarity as to
what their responsibilities to society are, and, individually, are not provided the tools nor
training necessary to fulfill these responsibilities. These gaps helped frame the current study.

Research Problem and Objectives1
In thinking about how professional groups establish a “culture of responsibility” for the work
they do, the project began with the premise that scientists and engineers have two basic types
of responsibilities: (1) internal, those that require fidelity to the standards of practice agreed
upon by the scientific community; and (2) external, those aimed at the larger community
(Carlson and Frankel, 2011). The first set of responsibilities traditionally fall under the umbrella
of professional ethics, or the accepted practices of how members of a profession/discipline are
to perform their work, and cover issues such as data management, authorship and crediting the
work of others, conflict of interest, and the protection of human and animal subjects. Those in
the second set are often referred to as “social responsibilities,” or responsibilities to society.
During the past four decades, a considerable amount of academic, policy and public attention
and resources have been applied to examining the scope, content and boundaries of
researchers’ professional responsibilities, leading to a substantial knowledge base about the
factors affecting a culture of responsibility related to research practices. The same cannot be
said, however, for the social responsibilities of scientists and engineers. There is no consensus
inside or outside the scientific and engineering communities on the nature or sources of such

1

This section is drawn in large part from the original grant proposal submitted to the U.S. National Science
Foundation in support of this study and replicated in a report of the original planning grant to be found here: The
Social Responsibilities of Scientists and Engineers: Developing a Global Survey, Report prepared by M.S. Frankel,
J.M. Wyndham, E.J. Platts, March 2017. Available at: https://www.aaas.org/sites/default/files/s3fspublic/SR_Developing%2520a%2520Global%2520Survey_Report_0.pdf
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responsibilities-- what they are, why they came to be, how they can be operationalized, to
whom they are owed, and in what circumstances. In the absence of such knowledge, the
“negotiation of responsibility between practicing scientists, innovators and the outside world
remains an important and contested area of debate” Stilgoe, Owen, and Macnaghten,

.

In an effort to fill the identified gap in empirical understanding of the views of scientists and
engineers as to their social responsibilities, this study had the following four objectives:
1. To launch a global survey of scientists and engineers that enables AAAS to document the
following:

b) the views of scientists and engineers on their social responsibilities;
c) the different sources of their beliefs about such responsibilities; and
d) the factors that influence their ability to fulfill their social responsibilities;
2. To analyze the survey data to detect differences and similarities across a series of
demographic variables;
3. Building on the findings of the global survey, to conduct a U.S. focused qualitative
assessment that enables AAAS:
a) to document the views of leading scientists, instructors in the responsible conduct of
research, academics, administrators and science funders with regard to:
the social responsibilities of scientists;
the behaviors of scientists relative to those responsibilities; and
mechanisms to support scientists in fulfilling their responsibilities; and
b) to compare the findings of the qualitative assessment with the findings of the
survey;
4. To disseminate to the scientific and engineering communities both the data and findings
generated by the survey in order to:
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a) influence ongoing national and international conversations among a range of
stakeholders about the nature and scope of roles and responsibilities of scientists
and engineers in society;
b) inform recommendations and the development of strategies for the governance of
science and innovation;
c) inform the inclusion of the social responsibilities of scientists and engineers in
professional codes of ethics and similar documents;
d) contribute to efforts to align the views of scientists and engineers with the priorities
and expectations of the larger society; and
e) identify ways to integrate the consideration of social responsibilities into the
education and training of scientists and engineers.

Literature Review2
The idea that scientists carry a set of social responsibilities for the benefit of society is not
novel. From the 1950s, studies in psychology and sociology began using empirical methods to
develop lists and scales aimed at assessing sentiments of social responsibility within specific
groups (Berkowitz and Lutterman, 1968; Conrad and Hedin, 1981; Fredrichs, 1960; Gough et al.,
1952; Harris, 1957; Kwin, 2007; Moely et al., 2002; Myers-Lipton, 1998; Parker-Gwin and
Mabry, 1998; Sawyer, 1966). In the years before the turn of the century a small number of
empirical studies probed scientists’ or engineers’ views about their social responsibilities. A
study population in Croatia consisted of “distinguished scientists” whose fields cut across
six scientific disciplines, including engineering. A mail survey was sent to 769 persons, and 320
returned surveys were used for the analysis (Prpic, 1998). A 1999 study interviewed ten senior
molecular geneticists based in New Zealand on “their perceptions of the ethical and social
implications of genetic knowledge” Nicols, 1999). The majority of empirical work in this area
has occurred in the past decade. In each case, however, the studies have been purposefully

2

This section is drawn in part from the original grant proposal submitted to NSF in support of this study.
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limited in scope, whether by discipline, geographic region, the specific social responsibility
being addressed, the number of participants/respondents, or by the research design.
Many of the studies in this field are discipline specific. For the most part, they are limited in the
number of participants they engaged and reflect a U.S. and European focus. A study in 2005
involved interviews with 20 academic geneticists (Matthews, Kalfoglou, and Hudson, 2005). A
2011 study involved sending a survey to 1,405 U.S. nanotech scientists regarding their
perceptions of social and ethical responsibilities for nanotechnology research. The survey
yielded 444 complete responses that were analyzed according to demographic variables, media
attention, and risk and benefit perception (Corley, Kim, and Scheufele, 2015). A 2017 study
focused on a class of 50 petroleum engineering students and how well they were prepared to
“navigate the ethical challenges of their future work.” At the end of the course, the authors
found that the “students became more familiar with the ‘social’ dimensions of corporate social
responsibility,” but that “they did not as readily identify a role for engineers in this area”
(Smith, McClelland and Smith, 2017).
A 2018 study conducted with natural scientists located in the Basque Country involved a
convenience sample of 25 interviewees who were asked to address the responsibility of
scientists and their perceptions of science communication (Loroño-Leturiondo and Davies,
2018). Another study the same year focused on 35 wind scientists, their public and stakeholder
engagement practices, and the perception of their responsibilities to society to communicate
and engage with the public (Heidenreich, 2018). A 2019 study asked 210 scientists about their
practices and their views as to whether researchers have a responsibility to communicate and
disseminate their research findings (Knoepke et al., 2019). The scope of this investigation was
limited to the topic of dissemination and engagement practices, and the majority of
respondents were from behavioral health or public health disciplines from the U.S. and Canada.
In 2020, a qualitative study investigated the perceptions of 16 molecular and biological
engineering researchers working in Swiss institutions about their social and scientific
responsibilities (Wäscher et al., 2020). When participants were asked what additional social
responsibilities they hold that non-scientists do not, most participants said that they might have
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additional rules of professional conduct, but their responsibilities to society are no different
than that of an average citizen (Wäscher et al., 2020). In their conclusion, Wäscher et al.
recommend an “ethically informed code of conduct” and “training in critical thinking that
would allow researchers to reconsider the ethical implications of their work” (2020).
The most comprehensive discipline-specific exploration of the perspectives of individuals as to
their social responsibilities and the evolution of those perspectives focuses on engineering
students. Bielefeldt, has centered her investigations on student engineers and the evolution of
their perceptions of social responsibility over the course of their college careers (Canney and
Bielefeldt, 2015; Bielefeldt and Canney, 2016; Rulifson and Bielefeldt, 2019; Bielefeldt et al.,
2019). A common conclusion of these in-depth investigations is that ethical instruction in
engineering curriculums must be improved (Bielefeldt and Canney, 2016; Rulifson and
Bielefeldt, 2019). This recommendation is in response to significant decreases in social
responsibility seen among students throughout their college careers not only due to a lack of
ethical engineering instruction but also because of work experiences (Bielefeldt and Canney,
2016; Rulfison and Bielefeldt, 2019). For example, a four-year longitudinal study following
students and their perspectives of socially responsible engineering found that there was a
change of priorities for several participating students from a perception of social responsibility
toward a responsibility in gaining profit for their companies (Rulifson and Bielefeldt, 2019). In
discussing the results, Rulifson and Bielefeldt suggest students’ lack of ethical training as well as
the company cultures of their respective engineering internships may be responsible for this
shift in perspective (2019). In another study, Bielefeldt et al. (2019) found that international
experiences, such as college courses incorporating global elements, study abroad, and service
groups like Engineers without Borders, also impacted perceptions of social responsibility.
A handful of other studies addressed a particular set of social responsibilities of scientists and
engineers rather than the concept as a whole. Using one-on-one telephone interviews and
focus groups, a 2009 study examined the views of 45 academic scientists, including
postdoctoral fellows and graduate students, about “accountability and the ethical and societal
implications of research” Ladd et al.,

. Further, a
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petroleum engineering students and how well they were prepared to “navigate the ethical
challenges of their future work.” At the end of the course, the authors found that the “students
became more familiar with the ‘social’ dimensions of corporate social responsibility,” but that
“they did not as readily identify a role for engineers in this area” Smith, McClelland and Smith,
2017).
Public engagement and science communication as a sub-set of social responsibilities of
scientists and engineers is a topic that has received particular attention in empirical studies this
century, including several mentioned above. The largest study in terms of participant numbers
was commissioned by the Wellcome Trust (MORI, 2000). It involved face-to-face interviews
with a random sample of over 1,500 research scientists in the United Kingdom and elicited their
views on “becoming involved in communicating their research to the public, and to increase
dialogue on the social and ethical implications of this research.” More recently, a study
investigating Norwegian offshore wind scientists’ perspectives on their responsibility to
socialize science and technology notes an enhanced expectation of scientists “to engage with
society and contribute to science communication related to the technologies they develop”
(Heidenreich, 2018).
As with much research on social responsibilities in science and engineering, many of these
studies are narrow in scope, focusing on one aspect of public communication or one discipline.
One more recent study drawing from a multidisciplinary group of scientists involved an
empirical study about scientists’ perceptions of responsible research and innovation in Europe.
The study consisted of qualitative interviews of 50 researchers and 30 research executives from
various research fields and countries. The investigation found that these scientists perceived
the general public to function only as the recipient of scientific information rather than
considering the science-society interaction as being bi-directional (Carrier and Gartzlaff, 2020).
One primary focus of interest in public engagement studies is climate change. Public debate
and mistrust in science are often cited as the rationale for this discipline-specific locus in
empirical investigations on public communication as a social responsibility of scientists. A
consensus across relevant studies is that while climate scientists do feel socially responsible in
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communicating their expertise to the public, there are also hesitations and other influencing
factors (e.g., the diffusion of responsibility to other key actors such as policymakers), that
prevent them from fulfilling their social responsibility of public engagement (Heidenreich, 2018;
Getson et al., 2021).
One study involved a broader investigation across disciplines and regions. The Responsible
Research and Innovation Networked Globally (RRING) project was one of a series of projects
funded by the European Union’s Horizon

research and innovation program to investigate

the current state of responsible research and communication in Europe and around the world
(RRING, n.d.). The goal of RRING was to create a professional global network for responsible
research and innovation (RRI), and as part of which a global survey about socially-responsible
research and innovation was launched. The convenience sample consisted of approximately
2,500 researchers and innovators from 20 different countries who, for purposes of analysis,
were divided into the five UNESCO world regions plus India (Jensen, 2020). While this
investigation was broader in nature compared to previous such studies, the widespread
distribution limited the generalizability of its results.
Overall, contemporary research signals a void of studies beyond the United States and Europe.
It should be noted, however, that the canvassing of empirical research was limited to the
English language, which could have contributed to this difference in geographic focus of sample
populations.

Previous Research by AAAS3
In April 2013, AAAS launched an online questionnaire as a preliminary data-gathering exercise.
The target recipients were scientists, engineers, and health professionals globally. The
questionnaire consisted of demographic questions followed by a 5-point Likert-like scale asking

3

A full report of AAAS’s previous research in preparation for this study can be found here: ‘The Social
Responsibilities of Scientists and Engineers: Developing a Global Survey’, Report prepared by M.S. Frankel, J.M.
Wyndham, E.J. Platts, March 2017. Available at: https://www.aaas.org/sites/default/files/s3fspublic/SR_Developing%2520a%2520Global%2520Survey_Report_0.pdf
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respondents to rate how important they considered ten specific behaviors. These behaviors are
commonly addressed in the social responsibilities literature as being responsibilities of
scientists and engineers to:
consider the potential of each research or development project to contribute to societal
well-being;
consider the risk of adverse consequences associated with their work;
publicly disclose risks associated with their work;
take steps to minimize anticipated risks associated with their work;
take steps so that their research, findings, or products are not used inappropriately by
others;
explain their work to the public;
report suspected misconduct they observe by scientists or engineers;
serve in advisory roles in the public arena in their area of expertise;
participate in public policy deliberations in their area of expertise; and
engage in public service activities.
An open-ended option asked respondents to note “any other important responsibilities of
scientists and engineers.”
In total, 2,670 completed questionnaires were received; after data cleaning, there were 2,153
useable responses. The report of this study summarizes the findings as follows (Wyndham et al.
2015):
“The younger the respondents, the greater their concern to ‘explain their work to the
public;’ the older the respondents, the greater their concern to ‘report suspected
misconduct they observe by scientists or engineers’;
The pattern of responses to the scaled questions was generally more similar between
those in the health sciences and social/behavioral sciences relative to responses for the
other disciplines;
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Respondents in the health professions were most likely to consider each responsibility
‘critically important’ or ‘important;’ engineers were the least likely; and
Responses to the scaled questions clustered geographically, with those from Europe,
North America, and the Pacific answering questions similarly. Respondents from Africa,
the Arab States, Asia, and Latin America and the Caribbean answered questions similarly
to each other but differently from respondents in the previously mentioned regions.”
This initial study was a preliminary step toward development of a more robust international
survey that was intended to enable generalization of findings beyond the sample used in the
pilot.

22

The Social Responsibilities of Scientists and Engineers: A View from Within

2. Survey
The questions driving this study are: what are the views of scientists and engineers globally
regarding their social responsibilities?, what are the sources of their beliefs?, what are the
factors that influence their ability to fulfill those responsibilities?, and how do these differ, or
not, according to demographic variables? The first step was to develop and administer a global
survey, followed by one-on-one interviews and a focus group with leaders in the scientific and
engineering fields in the U.S., namely, top researchers, Vice Presidents of Research, Research
Integrity Officers, Responsible Conduct of Research instructors, and senior administrative
personnel at major federal funding agencies.
This section presents the methodology that guided the creation of the survey and qualitative
protocols. It then describes, for each part of the project, the steps taken to produce and
administer the data-collection instruments. Finally, this section presents the data analysis
methods for the survey and qualitative parts of the study.

Methodology
The methodology was based on basic sampling theory, wherein results from a random sample
can statistically generate estimates for the population from which the sample was derived. The
goal was to obtain responses from a sufficiently large random sample of scientists and
engineers globally from which estimates and comparisons could be made across demographic
variables. Scientific and engineering membership organizations provided the source from which
a stratified random sample was drawn. The population of members is international in scope,
including scientists and engineers at various points in their careers, and covering a range of
disciplines. Unfortunately, a very small response rate ruled out the use of statistical estimates
based on the results, as described below. However, the resulting sample is different from the
typical convenience sample because demographic information is available about the individuals
who had an opportunity to respond.
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Design of Survey Instrument
AAAS established an ad hoc advisory group to provide guidance on survey methodology and
design, including experts in scientific responsibility, both domestic and international (see
Appendix 1 for full list of advisors). Several considerations were predominant in the survey
design: that the survey questions be relevant to the diversity of scientists and engineers in the
sample, including those working in both basic and applied fields, from academia and industry,
and from diverse geographic regions, political and social realities; that the language be as clear
as possible given the international breadth; and that funding and time constraints would
necessarily limit the number of open-ended questions requiring translation that could be
incorporated into the final survey instrument.
The survey instrument comprised four primary sections: Section I addressed demographic
questions; Section II addressed behaviors that respondents may consider to be social
responsibilities of scientists and engineers, how important they considered the responsibilities,
and how often they engaged in them; Section III concerned the sources or factors that
influenced the respondents’ views on their social responsibilities; and Section IV addressed
factors influencing fulfillment of their social responsibilities. A final section invited respondents
to provide any additional information (The survey instrument is available at Appendix 2).
The survey instrument was translated into the six languages of the United Nations (Arabic,
English, French, Mandarin, Spanish, and Russian). Following translation, the instrument was
pre-tested in each of the six languages and across four platforms: desktop, laptop, tablet, and
mobile phone. In total, 26 cognitive and usability tests were conducted, generating several
findings and recommendations, with regard to length, formatting, and translation, as well as
the wording of prompts and questions. The survey instrument was reviewed and finalized
taking into account these recommendations. (A full description of the survey preparation
process is available at Appendix 3.
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Identification of Participants / Sample Design
To identify potential partners, AAAS developed a comprehensive list of organizations according
to the following five categories: organizational members of the AAAS Science and Human Rights
Coalition; Affiliated organizations of AAAS; National Members of the International Council for
Science (ICSU); members of the Inter-Academy Panel; and institutional members of The World
Academy of Sciences (TWAS). In total, and allowing for some overlap in affiliations and the fact
that some organizations identified are not membership organizations per se, approximately 400
organizations were identified and the contact details for their executive officers recorded.
Initially 20 organizations agreed to participate and signed a data collection agreement (see
Appendix 8 for a full list of partner organizations). The 20 organizations had a combined
membership of over 300,000 and covered a range of disciplines in the life, physical, social and
behavioral sciences as well as engineering. These organizations provided AAAS their
membership list containing only a member identifying number and the specific demographic
information needed to populate the sample frame. A sample of 20,123 members was
determined, and the selected sample for each organization was sent to that organization in
April 2019. Each organization was responsible for sending out the invitation to these individuals
to take the survey. Each organization used its own timetable for sending out the requests and
for making follow-up reminders.
Unique survey links were provided to each organization and for each wave of outreach. AAAS
monitored the responses by organization, tracking the number of responses initiated and the
number completed. An individual could start a survey, leave it to come back to later by creating
a temporary account, and could indicate when they were finished. The data pulls showed the
information completed up to that point as well as partial responses.
By mid-June the survey had been deployed for at least three weeks for all but four
organizations. Two of these organizations left the project and, as far as we know, never sent
any requests to take the survey, reducing the initial sample size from 20,123 to 19,879. Table 1
lists the organizations that comprised the final sample frame. The June 21 respondent data
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contained only

responses that indicated their status was ‘complete’ and that they agreed

to participate.4 Based on the low response rate reflected in the June 21 data, an additional
sample was selected for each organization. As a result, the total sample size rose from 19,879
to 134,338. (A full description of the identification of participants / sample design process is
available at Appendix 4).

Data Collection
We used SurveyGizmo (now Alchemer) as the online tool for distribution of the survey
instrument. One constraint posed by SurveyGizmo, as a U.S. company, was the inability to reach
potential respondents in certain countries (Cuba, Iran, North Korea, and Syria) either due to the
specific countries’ own censorship laws or because of U.S. Government economic sanctions. In
such cases, if requested, the survey was provided by email as a downloadable PDF from the
relevant partner organization to the respondent.
After recognizing the lower-than-anticipated response rate following the initial deployment in
May 2019, additional changes were made to the survey data collection approach: the online
survey presentation was changed to reduce the number of questions appearing on a given
page, especially in Sections II and III; and multi-faceted questions were separated (see Section II
of the survey instrument in Appendix 2); in addition, the back-end survey collection tool used
for the open-ended questions II.20-II.22 and III.5 was changed without any visual changes made
to the survey instrument itself. For further details on survey format changes, see Appendix 5.

Response Rate
At the completion of the survey process, there were 4,892 fit-for-use responses. Of these, there
were 103 respondents who indicated ‘I am not a scientist or engineer.’ These cases were outof-scope respondents. For the remaining complete and partial responses, in order for a case to
be retained as ‘fit for use,’ it must have:

4

There were also 12 refusals to participate.
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Completed the required fields in Section I; and
Provided >50% response rate in at least one of the sections II IV.
Using this definition, there were 4,789 in-scope respondents.
A final number of 4,892 useable responses from a sample of 134,338 represents a response
rate of less than 4%. With such a small response rate, the results could not be considered
representative of the sample frame and sample weights were not calculated.
Table 1 shows the sample frame, the sample size selected, and the final response rate by
primary stratum.

27

AAAS

Table 1: Final Sample Frame, Sample Counts and Response Rates

Organization
American Anthropological
Association

American Association for the
Advancement of Science

American Association of
Geographers
American Geophysical Union
American Mathematical Society
American Political Science
Association
American Statistical Association
American Society for Engineering
Education
American Society for
Microbiology
American Society of Plant Biology
Australian Academy of
Technology and Engineering
Ecological Society of America
Entomological Society of America
Geological Society of America
Linguistic Society of America
Sigma Xi, The Scientific Research
Honor Society
Society for the Study of Social
Problems
The World Academy of Science

Strata Acronym
AAA

Sample
Frame

Total
Sample
Selected

Resp.
Rate

8,236

1,471

3.6%

2,543

2,543

8.5%

3,202
6,014

3,202
6,014

1.8%
3.1%

100,167

11,836

3.2%

AAG

11,242

6,000

1.7%

AGU
AMS

47,654
28,610

30,000
12,000

2.6%
5.4%

APSA

11,219

2,493

2.5%

ASA

12,766

2,044

4.1%

ASEE

9,255

4,500

4.1%

ASM

32,486

32,486

3.3%

ASPB

3,135

909

4.2%

ATSE

886

886

11.4%

EcoSA
EntoSA
GSA
LSA

8,209
6,684
21,210
3,562

1,155
954
10,000
1,000

6.1%
3.2%
5.4%
1.6%

Sigma Xi

8,226

3,133

3.7%

SSSP

1,154

769

5.7%

TWAS

1,497

943

11.9%

327,957

134,338

4,892
(3.6%)

AAAS_1 (Africa,
MENA, LA, Oceania)
AAAS_2 (Asia)
AAAS_3 (Europe)
AAAS_4 (N Amer or
Unk)

Total
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Because of the low response rate, we cannot make inferences back to the sample frame
defined by the 18 scientific and engineering organizations. Rather, the analysis is descriptive of
the characteristics of those who responded. It is unlikely that the respondents are
representative of the underlying sample frame. A likely response bias is that those who
answered the questionnaire were particularly interested in the subject. In addition, we found
the distribution of respondents to be highly skewed towards older individuals. That said, the
distribution of respondents by other demographic characteristics appeared to be consistent
with what is known about the sample frame.

Data Analysis Methods
Factor Analysis
Four sets of survey items were designed to produce scales for analysis. These sets are the
importance of social responsibilities, enactment of social responsibilities, influences on views of
social responsibilities, and workplace climate. For data reduction, factor analyses were
performed on the social responsibilities (importance and action) and workplace climate items.
Principal components analysis with varimax rotation with Kaiser normalization were performed,
with the criterion of eigenvalues greater than 1. The associated rotated component matrices
are presented in Appendices 9 and 10.
The rotated component matrices for importance and action yielded four factors, with the same
items in the factors for both importance and action. The numbered survey items associated
with these factors and the names assigned to the scales are as follows:
Public
12. Participate in government policy deliberations in your area(s) of expertise
14. Advocate for publicly funded science and engineering that improves the quality of
life for some or all members of society
15. Promote public access to scientific and technical information
16. Engage in public service activities as a scientist or engineer
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17. Foster the interests of young generations in science and engineering
18. Receive training/education on social responsibilities of scientists and engineers
19. Mentor people from historically marginalized groups
Risk
1. When deciding on what work/research to pursue, take into account whether its
potential effects would benefit or harm society
2. Give priority to work/research that may have greatest societal benefit
3. Take steps to prevent or minimize the risks to society associated with the conduct of
your work/research
7. Pay particular attention to how your work/research may affect vulnerable
populations as might be defined by your discipline (e.g., children, persons with
disabilities, displaced populations)
Research
8. When communicating research findings, acknowledge other relevant research
interpretations, whether or not consistent with your own
9. When it comes to your attention, address the improper use of your research findings
or products by others
10. Notify appropriate authorities of suspected or observed research/professional
misconduct
11. Broadly communicate negative results
13. Mitigate personal biases in your research and when offering expert advice
Communication
4. Communicate your work in a way that makes it understandable to the public
5. Communicate to the public the results of your work/research that are important to
society
6. Communicate to the public risks associated with the conduct of your work/research
The rotated component matrix for workplace climate also yielded four factors. The items
associated with these factors and the names assigned to the scales are as follows:
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Positive
2. High professional standards
6. Opportunities for professional advancement
7. Supportive environment
8. Satisfactory salary level
9. Adequate administrative support
Negative
3. Low ethical standards
5. Conflict among colleagues
12. Unfair rules or policies
14. Pressure to behave in ways inconsistent with your professional values
15. Restrictive policies/laws of the country in which you work
Supportive
11. Opportunities to interact with the public
13. Freedom to pursue interesting lines of work/research
16. Opportunities to be mentored
17. Equitable treatment of all people
Pressured
1. Competitive pressure to produce new findings
4. Heavy workload
10. Pressure to obtain external funding
Items related to influences on views of social responsibilities were grouped according to
predetermined subsets on the survey. The groupings and the names assigned to the associated
scales are as follows:
Childhood
a. Family
b. Friends
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c. School/Teachers
d. Community activities (e.g., community service, participation in science fairs,
internship with a scientist/engineer)
e. Arts/Film/Literature
Professional Education
a. Mentors
b. Formal instruction (classes, lectures, trainings) as a student in an academic
institution
c. Other professional education outside your formal education track
d. Policies of the institution(s) where you received your degree(s)
e. Experiences within the institution(s) where you received your degree(s)
f. Research or projects in which you participated as a student or postdoc
g. Other experiences as a student or postdoc
Workplace and Professional Experience
a. Colleagues/Peers
b. Policies of your employer(s)
c. Experiences while working with your employer(s)
d. Policies, programs, and practices of professional societies
e. Policies or guidelines of funders of your work
f. The role your profession plays in the local community or larger society
g. Professional expectations shared by members of the scientific/engineering
community
h. Impact (potential or actual) of your work/research on others or the planet
i.

Codes of ethics or similar documents

j. Readings in your field
Factors External to Your Professional Education, Work and/or Experience
a. Media coverage of your field of work/research
b. Public opinion
c. Policies/laws of the country in which you work
d. Human rights principles/statements
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e. Religious or spiritual traditions
f. Secular ethical frameworks
g. Readings outside your field

Open-Ended Responses
Qualitative analysis was conducted of responses from the survey where respondents could
write in their own answers. If participants did not feel that the categories provided were
sufficient, they could provide free-text responses to indicate additional behaviors they felt were
important to social responsibility. Free-text answers ranged from one word to a few short
sentences. All non-English responses were translated into English prior to analysis. Responses
were discarded if the respondent wrote “n/a” or “none” or something else that indicated no
further response. Responses for which the meaning could not be deciphered were also
discarded, such as where not enough context was provided or where an unfamiliar acronym
was used. Discarded data for each section are quantified in Table 2 below.
Thematic analysis was selected as the primary method for this analysis because it allows for the
identification, analysis, and reporting of patterns or themes within qualitative data (Braun and
Clarke 2006). The analyst read all responses for each of the free-text questions alongside
categories derived from factor analyses conducted by the quantitative team. For each of the
questions, the analyst grouped responses into broad descriptive categories, based on the
categories identified in the quantitative analysis as well as emergent themes in the data.
Descriptions of all the categories were developed and compared against existing categories
developed by the quantitative analysis to identify key areas where the open-text responses
provided new information. For Section II and Further Comments, responses were double coded
if the response was relevant to more than one category. In Section III, each response was
assigned to a single category. After review, a final set of categories was developed for each set
and analyzed for internal consistency.
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Limitations
Qualitative analysis of free-text responses is known to be less rich than other forms of
qualitative data collection, because it does not allow for researchers to gather more
information on context, personal meaning, emotion, or nuance, as direct interaction with study
participants would (LaDonna, Taylor, and Lingard 2018). However, rigorous analysis of text
responses following methods like thematic analysis (used in this report) do enrich our
understanding of quantitative analyses, offering deeper insights into what scientists and
engineers think about social responsibility. In this case, thematic analysis enabled the
identification of multiple categories of behaviors related to social responsibility, as well as
factors that have influenced how scientists and engineers conceptualize and view social
responsibility.

Table 2: Number of Responses to Open-Ended Questions on Social Responsibilities, on Factors
that have Influenced Respondents' Views of Social Responsibilities and on Other Topics
Comments on
Influences on
Social
Responsibilities

Comments on Social
Responsibilities
Total Number of
Responses
Number of Useable
Responses
Number of Discarded
Responses

Other Comments*

4009

2119

770

3734

1826

654

275

136

116

* Further comments have a higher proportion of discarded responses because the intended meaning of responses
was more often challenging to discern than in Sections II and III.
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Results
This section presents the results of the survey analysis. The findings are all descriptive in nature,
because the response rate precluded the use of statistical tests of significance.
In this section, the term "valid responses" refers to responses to a particular item from all
respondents who answered the question that is, omitting missing values. Such missing values
included, where appropriate, "Not Applicable" responses.

No A

licable Responses

While the unit response rate was very low, for the individuals who responded, the item
response rate for questions in Section II was very high. That is, while a very small percentage of
the selected individuals responded to the survey, for those who responded, each question in
Section II had a response rate of 94% or more. The questions about the importance of a
behavior all had a response rate greater than 99%. Each question about their action related to a
behavior had a response rate of at least 94%. The questions about actions occurred after the
questions related to importance, and the response rate decreased with each question. That is,
there were fewer responses to IIB.2 than to IIB.1 and fewer responses to IIB.3 than to IIB.2,
etc. The response rate was strictly decreasing over questions IIB.1 through IIB.19.
One of the response options to a question was that the action was ‘Not applicable’ to their
work as a scientist or engineer. For the questions regarding the importance of a behavior, there
were three behaviors where

or more of the respondents found the behavior ‘Not

applicable’ (see Table 3).
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Table 3: Behaviors Most Often F
% NA
22%

15%
11%

nd N

A

licable in Re

n e

Im

ance

Question
II.7 Pay particular attention to how your work/research may affect
vulnerable populations as might be defined by your discipline (e.g.,
children, persons with disabilities, displaced populations)
II.6 Communicate to the public risks associated with the conduct of
your work/research
II.3 Take steps to prevent or minimize the risks to society associated
with the conduct of your work/research

The respondents in the discipline of Mathematics and Statistics were the most likely to find
these behaviors ‘Not applicable,’ for each question.
When answering questions about their actions with respect to each of the 19 behaviors, a much
larger percentage of the respondents found behaviors ‘Not Applicable’ to their work as
scientists or engineer. The percentage of ‘Not Applicable’ was greater than

for fifteen out

of the nineteen behaviors.
While behaviors II. , II. and II. also had very high percentages of ‘Not Applicable’ with respect
to action, the behaviors with the largest ‘Not Applicable’ response were II.9 and II.10 with 37%
and 38% respectively.
II.9 When it comes to your attention, addressing the improper use of your research
findings or products by others
II.10 Notify appropriate authorities of suspected or observed research/professional
misconduct
The behaviors that had the lowest frequency of ‘Not Applicable’ for both Parts A and B were
II.4 Communicate your work in a way that makes it understandable to the public
II.15 Promote public access to scientific and technical information
II.16 Engage in public service activities as a scientist or engineer
II.17 Foster the interests of young generations in science and engineering
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Demographics
Gender and Age
Overall, male respondents accounted for over two-thirds of the total. This result tracks with the
information on the sample frame. While the availability of gender information on the sample
frame varied by organization, there was gender information for approximately 65% of the
individuals in the sample frame. For the sample frame with gender information: 68% were
male,

were female, and

were ‘Other.’

The "Not Listed" category invited a write-in response (see Table 4).

Table 4: Distribution of Responses by Gender
Gender
Male
Female
Not Listed
Missing
Total

Frequency
3,250
1,466
39
34
4,789

Valid Percent
68%
31%
1%
100%

Nearly half (47%) of the respondents were 60 years old or over. Only 22% of respondents were
under 40 (see Table 5). As described in Appendix 7, the large proportion of older individuals in
the respondents was due in part to the properties of the sample frame, and also exaggerated
because older individuals are more likely than young individuals to respond to an email request.
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Table 5: Distribution of Responses by Age
Age
Under 30
30-39
40-49
50-59
60-69
Over 69
Missing
Total

Frequency
388
661
696
817
1,075
1,119
33
4,789

Valid Percent
8%
14%
15%
17%
23%
24%
100%

Though male respondents outnumber female respondents more than two-to-one overall, the
proportion is about 1.0 in the under-40-year-old group. The higher the age category, the
greater the gender disparity (see Table 6).

Table 6: Distribution of Responses by Age and Gender

Age
Under 30
30-39
40-49
50-59
60-69
Over 69
Total

Female
208
314
286
258
261
132
1,459

Male

Not Listed

165
341
399
552
801
980
3,238

15
3
6
5
7
1
37

Total
388
658
691
815
1,069
1,113
4,734

Ratio of
Males to
Females
0.8
1.1
1.4
2.1
3.1
7.4
2.2

Years of Professional Experience
Respondents were asked, "Since gaining your highest degree, how many years of professional
experience do you have?" As shown in Table 7, half of respondents had over 25 years of
professional experience, and 18% had 5 years or less of experience.

38

The Social Responsibilities of Scientists and Engineers: A View from Within

Table 7: Distribution of Responses by Years of Professional Experience
Years of Professional
Experience
0
1-5
6-10
11-15
16-20
21-25
26-30
31+
Missing
Total

Frequency
202
691
406
358
368
397
455
1,897
15
4,789

Valid Percent
4%
14%
9%
7%
8%
8%
10%
40%
100%

Field of Study
The survey asked about respondents' general field of study, rather than specific discipline or
area of research. The question was, "With which one of the following fields are you most
closely aligned?" Field of study was a required response and therefore has no missing values.
Respondents who were not scientists or engineers were out-of-scope for this study and were
removed from the analytic file.
Approximately 60% of respondents indicated life sciences or earth, atmospheric and ocean
sciences as most closely representing their field (see Table 8). These results are consistent with
the information available on the sample frame.
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Table 8: Distribution of Responses by Field of Study
Field of Study
Computer and information
sciences
Engineering
Earth, atmospheric,
and ocean sciences
Life sciences
Mathematics and statistics
Physical sciences
Social and behavioral sciences
Total

Frequency Percent
117

2%

371

8%

1,206

25%

1,605
696
370
424
4,789

34%
15%
8%
9%
100%

As noted above, the overall ratio of male to female respondents is 2.2. This ratio is much higher
in computer and information sciences (5.0) and in mathematics and statistics (3.9). The largest
percentages of female respondents were in life sciences and social sciences, with male-tofemale ratios of 1.6 each (see Table 9).

Table 9: Distribution of Responses by Field of Study and Gender

Field of Study
Computer and information sciences
Engineering
Earth, atmospheric, and ocean sciences
Life sciences
Mathematics and statistics
Physical sciences
Social and behavioral sciences
Total

Female
19
87
369
611
139
83
158
1,466

40

Male
95
281
818
977
538
284
257
3,250

Not
Listed
2
1
7
7
12
2
8
39

Total
116
369
1,194
1,595
689
369
423
4,755

Ratio of
Males to
Females
5.0
3.2
2.2
1.6
3.9
3.4
1.6
2.2
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Employment Sector
Respondents were asked, "What is the primary sector in which you currently work? If retired or
currently unemployed, please answer with regard to your last full-time position."
As shown in Table 10, the majority of respondents (63%) worked at a university or college, with
another 8% at research institutions. This is consistent with the sample frame information.
Nearly a quarter of respondents worked in industry/commercial or government.

Table 10: Distribution of Responses by Employment Sector
Employment Sector
University or college
Primary/secondary
school education
Government agency
Industry/commercial
Non-profit organization
Research institution
None of the above
Missing
Total

Frequency
2,908

Valid Percent
63%
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1%

511
577
199
380
166
10
4,789

11%
13%
4%
8%

100%

In each field, except for computer and information sciences, half or more of respondents were
in a university or college (see Table 11). Respondents in social and behavioral sciences and in
mathematics and statistics were most likely to be employed in a university or college (over 80%
each). Those in computer and information sciences were nearly as frequently employed in
industry/commercial (36%) as in academic organizations (39%). Engineering also had a high
percentage in industry/commercial (25%).
In four fields (computer, earth, life and physical sciences), the proportions of respondents who
worked in government agencies or in research institutions ranged roughly from 10 to 20%.
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University or
college
Primary/
secondary
school
education
Government
agency
Industry/
commercial
Non-profit
organization
Research
institution
Total
Total #

Social &
behavioral
sciences

Physical
sciences

Mathematics
and statistics

Earth,
atmospheric,
& ocean
sciences
Life sciences

Engineering

Employment
Sector

Computer &
information
sciences

Table 11: Distribution of Responses by Employment Sector within Field of Study

39%

61%

53%

62%

82%

50%

84%

0%

1%

1%

1%

2%

0%

1%

9%

5%

19%

10%

5%

16%

4%

36%

25%

13%

12%

6%

16%

2%

4%

2%

4%

6%

2%

6%

4%

12%

6%

10%

9%

3%

12%

5%

100%
113

100%
360

100%
1,174

100%
1,520

100%
680

100%
357

100%
409

Geographic Region
Three survey questions asked about respondents' geographic connections:
In what region …
did you receive your highest degree?
have you spent most of your professional career?
are you currently working?
These were required fields and so there were no missing values. By all three measures, most
respondents (67%) were located in North America (see Table 12). As described in Appendix 7,
the distribution of respondents by geographic region is approximately what was expected
based on the sample selected.
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Table 12: Distribution of Responses by Geographic Region
f Highe
Degree

Geographic Region
Africa (excluding North Africa)
Asia
Europe
Latin America and Caribbean
Middle East and North Africa
North America
Oceania (Australia, Melanesia,
Micronesia, New Zealand or
Polynesia)
Total

135
316
683
136
39
3,305

f Professional
Career
174
361
501
186
52
3,309

f C en
Employment
165
355
500
186
61
3,299

175

206

223

4,789

4,789

4,789

More respondents were in the life sciences than in other fields, both overall and in each region
except Europe. Among North American respondents, over 900 were in each of the earth
sciences and life sciences categories (see Table 13).

Table 13: Distribution of Responses by Geographic Region of

Africa (excluding North
Africa)
Asia
Europe
Latin America and
Caribbean
Middle East and North
Africa
North America
Oceania (Australia,
Melanesia, Micronesia,
New Zealand or Polynesia)

Social &
behavioral
sciences

Physical
sciences

Mathematics &
statistics

Life sciences

Earth,
atmospheric, &
ocean sciences

Engineering

Geographic
Region

Computer &
information
sciences

Professional Career and by Field of Study

0

2

15

132

11

6

8

9
20

17
27

51
134

204
114

39
114

32
41

9
51

1

14

25

78

40

16

12

2

5

8

19

8

3

7

76

268

924

987

473

255

326

9

38

49

71

11

17

11
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Highest Degree
The survey asked about the highest science or engineering degree that respondents had
completed. Three-quarters had completed a doctoral degree, and another 15% had completed
a masters degree, as shown in Table 14 below.

Table 14: Distribution of Responses by Highest Degree
Highest Degree
Bachelors degree
Masters degree
Doctoral degree
Other
None of the above
Missing
Total

Frequency
382
717
3,617
42
17
14
4,789

Valid Percent
8%
15%
76%
1%

4,758

Role
The primary role of 56% of those who responded to the surveyed was researcher or educator
(see Table 15). The categories of administrator and student or postdoc each accounted for
about 10% of respondents. Retirees represented 17% of respondents.

Table 15: Distribution of Responses by Primary Role
Primary Role
Researcher
Engineer
Educator
Administrator/Manager
Student
Postdoc
Technician
Independent practice/Self-employed
Retired
None of the above
Missing
Total

Frequency
1,621
107
981
406
324
138
67
238
770
128
9
4,789
44

Valid Percent
35%
2%
21%
9%
7%
3%
1%
5%
17%

4,652
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Social Responsibilities, General

As noted above, the social responsibilities of scientists and engineers were represented on the
survey by 19 behavioral items. The two associated questions were:
(Importance)
How important do you consider this behavior to be in your work as a scientist or
engineer?
(Action)
During the past three years, how often have you taken this action in your work?
Tables 16 to 19 present the distributions of responses to the 19 items related to the social
responsibilities of scientists and engineers. Items are grouped by the four social-responsibilities
factors (public, risk, research or communicate) derived from a factor analysis, as described
above. Response distributions for both the importance and action questions are presented. The
order of items in each table reflects the order, from highest to lowest percentage, of "Very
important" responses to the importance question. Supporting data for these tables, including
number of responses, number of "Not applicable" responses and number of missing values, are
presented in Appendix 11.
The response options for importance and action are not directly comparable, but, for every
behavior in the list of social responsibilities, more respondents indicated that the behavior is
"Very Important" than indicated that they have "Always" taken the action in their work in the
preceding three years.

45

AAAS

Table 16: Distribution of Responses to Items in the Public Category of Social Responsibilities

7.0%

1.1%

32.0%

35.6%

27.8%

4.6%

15. Promote public access to scientific
and technical information

56.6%

34.1%

8.1%

1.2%

32.7%

30.9%

26.7%

9.7%

14. Advocate for publicly funded
science and engineering that
improves the quality of life for some
or all members of society

52.1%

34.0%

11.0%

2.8%

28.7%

26.7%

28.6%

16.1%

19. Mentor people from historically
marginalized groups

39.1%

39.9%

16.8%

4.2%

16.9%

26.2%

38.5%

18.4%

12. Participate in government policy
deliberations in your area(s) of
expertise

34.3%

41.1%

21.4%

3.2%

15.0%

19.0%

32.6%

33.5%

16. Engage in public service activities
as a scientist or engineer

32.3%

42.1%

21.7%

3.9%

18.8%

31.3%

35.3%

14.5%

18. Receive training/education on
social responsibilities of scientists and
engineers

25.8%

36.1%

27.8%

10.3%

10.0%

15.1%

32.6%

42.3%

Slightly
important
46

Never

Sometimes

31.4%

Not at all
important

60.5%

Important

17. Foster the interests of young
generations in science and
engineering

Public Category

Very
Important

Often

Action
Always

Importance
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Table 17: Distribution of Responses to Items in the Risk Category of Social Responsibilities

2.7%

50.7%

26.1%

15.6%

7.6%

1. When deciding on what
work/research to pursue, take into
account whether its potential effects
would benefit or harm society

53.4%

33.8%

9.6%

3.2%

43.5%

27.9%

21.3%

7.2%

7. Pay particular attention to how
your work/research may affect
vulnerable populations as might be
defined by your discipline (e.g.,
children, persons with disabilities,
displaced populations)

48.0%

32.2%

13.9%

5.9%

35.0%

25.7%

25.6%

13.6%

2. Give priority to work/research that
may have greatest societal benefit

33.2%

39.7%

21.4%

5.7%

27.7%

35.2%

27.7%

9.4%
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Never

Sometimes

7.6%

Not at all
important

31.0%

Slightly
important

58.7%

Important

3. Take steps to prevent or minimize
the risks to society associated with
the conduct of your work/research

Risk Category

Very
Important

Often

Action
Always

Importance
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Table 18: Distribution of Responses to Items in the Research Category of Social Responsibilities

1.2%

41.3%

34.7%

18.8%

5.2%

9. When it comes to your
attention, address the improper
use of your research findings or
products by others

54.0%

36.1%

8.2%

1.7%

36.3%

24.2%

25.5%

14.0%

10. Notify appropriate authorities
of suspected or observed
research/professional misconduct

53.8%

38.1%

6.9%

1.3%

23.1%

11.8%

21.4%

43.7%

8. When communicating research
findings, acknowledge other
relevant research interpretations,
whether or not consistent with
your own

53.0%

39.3%

6.3%

1.4%

43.2%

37.2%

16.9%

2.7%

11. Broadly communicate
negative results

29.3%

51.2%

17.0%

2.6%

17.1%

25.3%

39.1%

18.4%
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Never

Sometimes

4.2%

Not at all
important

33.6%

Slightly
important

61.0%

Important

13. Mitigate personal biases in
your research and when offering
expert advice

Research Category

Very
Important

Often

Action
Always

Importance
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Table 19: Distribution of Responses to Items in the Communicate Category of Social Responsibilities

Sometimes

38.7%

25.0%

3.3%

5. Communicate to the public
the results of your
work/research that are
important to society

47.6%

39.5%

10.4%

2.4%

29.0%

35.5%

29.0%

6.5%

6. Communicate to the public
risks associated with the
conduct of your work/research

41.1%

39.8%

15.2%

4.0%

25.7%

28.2%

30.9%

15.1%
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Never

Often

32.9%

Not at all

2.2%

important
10.8%

Slightly

35.2%

Important

51.8%

Important

4. Communicate your work in a
way that makes it
understandable to the public

Communicate Category

Very

Always

Action
important

Importance
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Figures 1 and 2 illustrate data from Tables 16-19. Figure 1 shows the percentages of "Very
Important" and "Important" responses to the social responsibilities items. The items are
arranged in order by the percentage of people who responded "Very Important." Figure 2
shows the percentages of "Always" and "Often" responses. Note that the names in figures 1
and 2 are abbreviated versions of the full text describing each responsibility. The complete
wording appears in the survey instrument (Appendix 2).
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Figure 1: Distribution of Responses: Importance of Social Responsibilities
Very Important

Important

13. Mitigate personal biases in your research and when offering expert advice
17. Foster the interests of young generations in science and engineering
3. Take steps to prevent/minimize societal risks associated with your work
15. Promote public access to scientific and technical information
9. If aware of it, address improper use by others of your research findings/products
10. Notify authorities of suspected or observed research/professional misconduct
1. When deciding on work/research to pursue, take account of potential societal effects
8. When communicating research, acknowledge other relevant research interpretations
14. Advocate for publicly funded science/engineering that improves quality of life

4. Communicate your work in a way that makes it understandable to the public
7. Pay attention to how your work/research may affect vulnerable populations
5. Communicate to the public results of your work that are important to society
6. Communicate to the public risks associated with the conduct of your work/research
19. Mentor people from historically marginalized groups
12. Participate in government policy deliberations in your area(s) of expertise
2. Give priority to work/research that may have greatest societal benefit
16. Engage in public service activities as a scientist or engineer
11. Broadly communicate negative results
18. Receive training/education on social responsibilities of scientists/engineers
0.00

0.10
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0.30

0.40
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0.60

0.70

0.80

0.90

1.00
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The second figure retains the order of items from the first figure (that is, by percentage of "Very
Important" responses) to facilitate comparisons between the figures. The ordering of items by
importance has a generally positive but inconsistent association with the frequency of
respondents' actions in accordance with those items.
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Figure 2: Distribution of Responses: Action on Social Responsibilities
Always

Often

13. Mitigate personal biases in your research and when offering expert advice
17. Foster the interests of young generations in science and engineering
3. Take steps to prevent/minimize societal risks associated with your work
15. Promote public access to scientific and technical information
9. If aware of it, address improper use by others of your research findings/products

10. Notify authorities of suspected or observed research/professional misconduct
1. When deciding on work/research to pursue, take account of potential societal effects

8. When communicating research, acknowledge other relevant research interpretations
14. Advocate for publicly funded science/engineering that improves quality of life
4. Communicate your work in a way that makes it understandable to the public
7. Pay attention to how your work/research may affect vulnerable populations
5. Communicate to the public results of your work that are important to society
6. Communicate to the public risks associated with the conduct of your work/research
19. Mentor people from historically marginalized groups
12. Participate in government policy deliberations in your area(s) of expertise
2. Give priority to work/research that may have greatest societal benefit
16. Engage in public service activities as a scientist or engineer
11. Broadly communicate negative results
18. Receive training/education on social responsibilities of scientists/engineers
0.00

0.10
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Table 20 provides another view of responses to the social-responsibilities questions. Each
respondent’s average score was computed for each of the factors: public, risk, research and
communicate. For example, each person's public social responsibilities score is the average of
that person's responses to the survey items in the public category. Table 20 presents the means
and standard deviations of these average scores for all respondents with non-missing data.
The research category has the highest mean in importance, but the risk category has the
highest mean in action. For each factor, the importance mean is higher than the action mean.
The action means have higher standard deviations than the importance means.

Table 20: Means and Standard Deviations of Average Social Responsibilities Scores
Importance, on a scale
from 0 = "Not at all" to 3 = "Very"
Standard
#
Mean
Deviation Responses

Action, on a scale
from 0 = "Never" to 3 = "Always"
Standard
#
Mean
Deviation Responses

Public

2.21

0.546

4,033

1.53

0.715

3,032

Risk

2.32

0.637

3,538

2.06

0.814

2,533

Research

2.40

0.465

3,904

1.79

0.773

1,933

Communicate

2.32

0.637

4,000

1.89

0.819

2,958
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Social Responsibilities in Relation to Demographics
The tables in this section (Tables 21-25) present the means of average social responsibilities
scores by several demographic variables, specifically, field of study, employment sector, role,
age and gender. On account of the overall response rate, no statistical significance can be
ascribed to these data.
It is notable that there was not much range in the means. Overall, the response average for
importance ranges between ‘important’ and ‘very important.’ For action, the response average
is generally lower than ‘often’ and shows more variability.
There are, however, some patterns that may be suggestive of areas worthy of future
exploration. There is a pattern of higher means for both importance and action for respondents
from the life sciences, except with respect to the responsibilities associated with risk for which
the mean recorded for social and behavioral sciences is higher with regard to both importance
and action (Table 21).
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Table 21: Means of Average Scores of Social Responsibilities, by Field of Study
Importance
Field of
Study
Computer &
information
science
Engineering
Earth,
atmospheric
and ocean
sciences
Life sciences
Mathematics
& statistics
Physical
sciences
Social &
behavioral
sciences

Public

Risk

Action

Research

Communication

Public

Risk

Research

Communication

2.15

2.30

2.37

2.18

1.41

1.83

1.45

1.62

2.14

2.34

2.34

2.25

1.43

2.02

1.70

1.80

2.19

2.25

2.40

2.36

1.48

1.92

1.70

1.92

2.29

2.44

2.45

2.40

1.67

2.26

1.97

2.02

2.09

1.99

2.29

2.03

1.28

1.52

1.51

1.44

2.17

2.13

2.38

2.31

1.50

1.81

1.78

1.83

2.25

2.45

2.41

2.36

1.58

2.30

1.76

1.98

There is a pattern of higher means for importance among respondents from the non-profit
sector. No such pattern holds true, however, for action (Table 22).
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Table 22: Means of Average Scores of Social Responsibilities, by Employment Sector
Importance
Employment
Sector
University
or college
Primary/
secondary
school
education
Government
agency
Industry/
commercial
Non-profit
organization
Research
institution
None of the
above

Public

Risk

Action

Research

Communication

Public

Risk

Research

Communication

2.24

2.32

2.40

2.30

1.54

2.06

1.77

1.86

2.27

2.34

2.31

2.45

1.82

2.15

1.87

2.22

2.22

2.32

2.42

2.41

1.58

2.00

1.76

1.95

2.06

2.22

2.40

2.27

1.27

1.96

1.78

1.86

2.27

2.48

2.45

2.52

1.64

2.17

1.96

2.18

2.18

2.36

2.38

2.34

1.53

2.11

1.84

1.86

2.19

2.37

2.35

2.33

1.74

2.25

1.92

2.02

There is a pattern of higher means for both importance and action for technicians and lower
means for engineers (Table 23).
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Table 23: Means of Average Scores of Social Responsibilities, by Role
Importance
Role

2.19
2.03
2.23

2.32
2.21
2.32

2.40
2.29
2.39

Communication
2.29
2.22
2.33

1.53
1.24
1.60

2.04
1.96
2.09

1.76
1.61
1.78

Communication
1.84
1.74
1.96

2.28

2.36

2.43

2.36

1.64

2.09

1.87

1.99

2.31
2.26
2.35

2.39
2.37
2.50

2.38
2.35
2.46

2.41
2.40
2.49

1.48
1.39
1.80

2.14
1.99
2.38

1.88
1.85
2.07

1.91
1.91
2.04

2.11

2.28

2.43

2.34

1.43

2.01

1.87

1.98

2.18

2.23

2.40

2.29

1.39

1.98

1.70

1.77

2.24

2.32

2.43

2.41

1.62

2.11

1.90

2.03

Public

Researcher
Engineer
Educator
Administrator
/Manager
Student
Postdoc
Technician
Independent
practice /
Selfemployed
Retired
None of the
above

Action

Risk

Research

Public

Risk

Research

There is an overall pattern of higher means for importance among younger respondents, with
the exception of the responsibilities of research (Table 24).

Table 24: Means of Average Scores of Social Responsibilities, by Age
Importance
Age
Under 30
30-39
40-49
50-59
60-69
Over 69

Public
2.37
2.27
2.20
2.18
2.18
2.18

Risk
2.40
2.40
2.34
2.30
2.33
2.22

Action

Research
2.37
2.42
2.37
2.38
2.44
2.39

Communication
2.41
2.40
2.29
2.30
2.30
2.30

Public
1.63
1.51
1.50
1.57
1.53
1.48

Risk
2.13
2.12
2.06
2.10
2.03
1.97

Research
1.95
1.82
1.79
1.72
1.75
1.80

Communication
2.00
1.91
1.84
1.89
1.91
1.87

There is a pattern of higher means for both importance and action for female respondents, as
compared to male respondents (Table 25). Here it is worth remembering the correlation
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between age and gender of respondents: women respondents were more likely to be young,
and young respondents were more likely to be female.

Table 25: Means of Average Scores of Social Responsibilities, by Gender
Importance
Gender

Public

Risk

Action

Research

Communication

Public

Risk

Research

Communication

Male

2.16

2.24

2.37

2.27

1.49

1.97

1.75

1.86

Female

2.34

2.48

2.47

2.43

1.62

2.25

1.89

1.97

Open-Ended Responses
Many responses in Section II fell within existing categories identified in the quantitative
analysis. In these cases, existing categories were used to group the data (see Methodology on
p. 34 for further details). After examination of the behaviors within each category developed in
the quantitative analysis, new aspects were identified that should be added to the current lists.
These findings are detailed below. Table 26 synthesizes recommendations based on the
qualitative analysis.
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Table 26: Behaviors of Social Responsibility Identified by
Qualitative Analysis of Open-ended Responses
Number of
Category
Applications

Category
Categories from Quantitative Analysis
Communication
Public
Research
Risk
Categories Identified Through Qualitative Analysis
Application and Accountability
Community
Diversity
Economics and Finances
Education and Training
Environment
Ethics
Institutional
Personal and Professional Characteristics
Political
Service
Working Conditions
Total Categories Applied
Total Number of Responses Analyzed
Discarded

288
336
720
52
137
50
270
31
384
168
233
36
884
94
86
100
3869
3734
275

For multiple existing categories identified in the quantitative analysis, the qualitative analysis
yielded additional nuance to categories:
Communication (n = 288): Responses fit within the three behaviors outlined in the quantitative
findings. That said, while many responses simply said “communication”, some were more
specific in the audiences with which they considered communication to be important, the
modes of communication, and what should be communicated. For example, respondents
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suggested that for those working with human subjects in their research, it was important to be
in communication with those participants and to report results to them in accessible ways. In
particular, one respondent suggested a responsibility of “Accommodating persons with
disabilities when communicating research results (accessible colors, image descriptions, closed
captioning ” (Life Sciences, North America, University or College).
Furthermore, communication of results was seen as being of relevance not just to study
participants but “Open presentation of findings to all concerned” (Physical Sciences, Oceania,
Industry/Commercial) was also supported. “Popular science communication” (Life Sciences,
Africa, Research Institution) was suggested, for example, “Writing for the public, eg op/ed
pieces” (Life Sciences, North America, University or College). And among what should be
communicated, “Relevant uncertainty/variation” (Life Sciences, North America, Government
agency) was addressed.
Research (n = 720): Behaviors identified include those outlined in the quantitative findings, as
well as behaviors specific to accuracy, transparency in methodology, and rigorous assessment.
Additionally, two subcodes were developed to capture behaviors that would fit into more
specific categories: Research Practice and Research Culture.
Research Practice: This was used to capture behaviors related to collaboration, publishing,
peer review, and communication with other researchers conducting similar work.
Examples (because these are short, not listed as quotations):
Scientific validity
Keeping record of all observations
Write
Accountability to data
Critical evaluation of results
Work with others
Good scientific practice
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Data analysis
Involve societal actors in the research project
Research methods
Research Culture: This was used to capture behaviors related to fostering intellectual
community and motivation, and the promotion of particular values in scientific institutions.
For example, one respondent suggested as a responsibility “open access publishing and
data publicly available” (Earth Sciences, Europe, Research Institution). Another suggested
giving “new research the time to mature and avoid rushed publication” (Earth Sciences,
North America, University or College). In addition, one respondent suggested a
responsibility to “Advocate for the importance of fundamental and curiosity-driven
scientific exploration (not just things that have immediate and obvious practical
applications ” (Earth Sciences, North America, University or College).

Emergent Categories Identified Through Qualitative Analysis
In addition to the categories identified in the quantitative analysis, the qualitative analysis
found that there are several other behaviors related to social responsibility that respondents
found important that do not fit within the existing framework. These fall within the following 12
categories: application and accountability, community, diversity, economics and finances,
education and training, environment, ethics, institutional, personal and professional
characteristics, political, service, and working conditions.
Application and Accountability (n = 137): This category included things like the selection of
scientific problems that would be relevant to “modern day problems” or were “translational.”
For example, a social and behavioral scientist at a University of College in North America
suggested a responsibility to “conduct research that will benefit society.” This category also
encompasses concerns about access to the benefits of science. A life scientist working in a nonprofit organization in North America proposed “equal access to the benefits of research” as a
responsibility, while a mathematician/statistician from the private sector in North America
spoke of “making products accessible to the minorities and the people with disabilities.”
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Other responses concerned accountability to funders (e.g., government agencies), clients, and
the public more broadly (e.g., taxpayers). Suggested responsibilities of this sort included
“Accountability with funds and resources provided” (Life Sciences, Africa, No sector reported)
and tied the government funding of public education with “some obligation to return that
somehow.” (Earth, atmospheric, and ocean sciences, Europe, Research Institution).
Community (n = 50): This includes multiple forms of community, such as the local communities
scientists and engineers live in and the responsibility to be engaged in those communities, as
well as their professional communities, including “participation in the global scientific
community, especially in underserved areas” (Mathematics and Statistics, North America,
Industry/Commercial). This includes “Advocating for community input Life Science Oceania
University or College) “Involvement of the community where research is being undertaken”
(Life Sciences, Africa (Excluding North Africa), University or College). Within scientific
communities, behaviors include fostering intellectual community across disciplines, institutions,
and countries; sharing data and increasing data access; providing services in communities to
teach scientific and technical skills.
Diversity (n = 270): Though one aspect related to diversity is captured in the current “Public”
category, respondents reported a number of other behaviors related to social responsibility
that are principally concerned with diversity. These include behaviors such as:
Advocate for equity in the workplace, generally, and in STEM participation for marginalized
groups, specifically, including racial and ethnic minorities, women, and LGBTQ+, and
including through the provision of “assistance to marginalized groups so they can be
included in science” (Earth, atmospheric and ocean sciences, Africa, University or College).
Collaborate on research with affected populations, including indigenous people, vulnerable
populations, and local communities. For example, a social and behavioral scientist at a
University or College in North America identified a responsibility to “Advocate for
historically marginalized groups to be involved in research and adjust research design and
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timeline to meet these groups needs” (Social and Behavioral Sciences, North America,
University or College)
Ensure that language proficiency and differences are not barriers to engagement in the
scientific research community (e.g., increasing English journal publications available in other
languages, bias against manuscripts written in subpar English). As a social and behavioral
scientist from a North American University of College said, “Ensuring language differences
(e.g., English as a second language, style of prose) are not significant impediments to
prestigious journal publications or conference presentations.”
Economics and Finances (n = 31): These behaviors ranged from issues related to institutional
economic factors, like equipment and software purchasing, to issues around research funding
including pressures to follow grant funding, and to “spend grant funds honestly.” Indeed,
responses such as “effectively use resources” (Life Sciences, North America, Government
Agency) and “Efficient use of public funding” (Life Sciences, Europe, Research Institution) were
common among these responses.
Education and Training (n = 384): Responses included behaviors of mentoring, postdoctoral
training, setting an example, and serving as a “role model,” and creating a positive learning
environment for trainees. This code was also used to capture other forms of education,
including behaviors like supporting K-12 education, involving high school teachers in research,
learning new skills to become better educators, and educating “others in use of scientific
methods to make decisions” (Life Sciences, North America, Industry/Commercial). An engineer
at a university or college in North America specifically called for “Teaching about social
responsibility to the next generation of engineers” (Engineering, North America, University or
College).
Environment (n = 168): This category captures behaviors regarding environmental stewardship,
awareness of environmental crises, and sustainability.
Ethics (n = 233): Many responses related behaviors of social responsibility to ethics.
Respondents identified a number of behaviors related to ethics and justice frameworks. These
64

The Social Responsibilities of Scientists and Engineers: A View from Within

behaviors ranged from reporting coworkers accused of sexual harassment and bullying, to
publicly criticizing misconduct this could be categorized under existing category “Research
. Notify appropriate authorities…” , to disclosing conflicts of interest, “Reporting plagiarism
of research and results” (Engineering, North America, University or College), “Not accepting
research funding from unethical sponsors” (Social and Behavioral Sciences, North America,
University or College). Some respondents indicated they should be having conversations with
colleagues about ethical issues, and should be writing about them in the scientific community.
A few respondents identified “justice” as an important behavior; without further context, these
responses were grouped in this category.
Institutional (n = 36): A small number of responses included behaviors related to their
institutions. These included concerns around administrators, security staff, university hiring
practices, record keeping, and many were not framed specifically as behaviors. There were no
patterns identified within this set.
Personal and Professional Characteristics (n = 884): This category, in which there was a large
number of coded responses, encompasses a wide range of personal behaviors that are less
connected to the concept of social responsibility reported by respondents. Responses falling
into this category were the most common in free-text responses. Arguably many of these are
better understood as personality traits, but it is noteworthy that participants related these to
social responsibility when responding to this question. (In the Section III analysis, many of the
same types of responses were provided. In that analysis, these are coded as “Factors External
Personal.” See more on this in Section III Analysis, pp. 67-69). Of the categories identified in the
data, this was the largest, with 884 responses falling into this category. These are not
necessarily behaviors, as the question asked, but instead dispositions, values, and personal
beliefs.
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Examples:
Honesty

Hard work

Asking for help when

Embrace science

Responsibility

necessary

Optimistic

Leadership

Willingness

Truth

Humility

Fairness

Unbiased

Listening

Courtesy

Commitment

Accountability

Integrity

Political (n = 94): This included things like signing petitions, calling out “pseudoscience” in the
public, lobbying congress for scientific funding (this could be built into the Public category
identified in quantitative analysis), and working to “elect people who will address global
warming” (Earth, atmospheric, and ocean sciences, North America, Research Institution).
Additionally, this includes responses about distancing science from politics, such as behaviors
like “neutrality toward political parties,” “avoid being normative,” and “never engage in
political discourse at work.”
Service (n = 86): This relates to behaviors connected with service at their workplace or
community. These included behaviors like serving as a reviewer or editorial board member for
journals, unpaid speaking engagements in community, making donations, voting, and
participating in STEM interest groups.
Working Conditions (n = 100): Some responses included behaviors related to working
conditions. These included behaviors like treating coworkers and employees well, promoting
safe and welcoming working environments, paying employees better, and encouraging worklife balance.

66

The Social Responsibilities of Scientists and Engineers: A View from Within

Social Responsibilities in Relation to Influences on One's Views of Social
Responsibilities
Respondents were asked about the influence of people, institutions, activities and other
experiences on their views of the behaviors listed in the survey as possible social
responsibilities of scientists and engineers. The influence categories listed in Table 27 were
established apriori and included in the survey. Items are listed here in order, from highest to
lowest percentage, of "Very Influential" responses, within categories. Supporting data for Table
27 are presented in Appendix 12 (including number of responses, number of "Not Applicable"
responses and number of missing responses).
The only item that was indicated as "Very influential" by over half of respondents was
"Mentors." In the Childhood category, 45% of respondents described "Family" as "Very
influential." Codes of ethics were noted as "Very influential" by 24%, but by the same measure
the five items related to policies of various kinds were all under 19%.

Not at all
influential

Slightly
influential

Influential

Influence
Category

Very
influential

Table 27: Distribution of Responses to Influence Questions

Childhood:
Family

45.1%

31.7%

16.7%

6.5%

School/Teachers

36.6%

41.5%

17.7%

4.1%

Community activities

20.7%

33.7%

29.0%

16.6%

Friends

18.0%

41.7%

30.8%

9.6%

Arts/Film/Literature

13.5%

30.0%

37.3%

19.2%
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Professional Education:
Mentors

53.9%

31.4%

11.1%

3.6%

36.9%

34.9%

18.1%

10.2%

32.1%

38.8%

21.6%

7.6%

27.8%

39.7%

24.3%

8.3%

27.7%

39.0%

24.0%

9.2%

23.1%

40.3%

26.2%

10.4%

12.8%

25.7%

36.0%

25.5%

Colleagues/Peers

37.8%

45.1%

14.3%

2.8%

Impact (potential or
actual) of your
work/research on others
or the planet

34.3%

37.2%

21.0%

7.5%

Readings in your field

29.9%

38.9%

23.3%

7.9%

27.7%

44.7%

21.0%

6.6%

24.3%

37.5%

27.5%

10.6%

Research or projects in
which you participated as
a student or postdoc
Formal instruction
(classes, lectures,
trainings) as a student in
an academic institution
Other experiences as a
student or postdoc
Experiences within the
institution(s) where you
received your degree(s)
Other professional
education outside your
formal education track
Policies of the
institution(s) where you
received your degree(s)
Workplace and
Professional Experience:

Experiences while
working with your
employer(s)
The role your profession
plays in the local
community or larger
society
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Codes of ethics or similar
documents
Professional expectations
shared by members of the
scientific/engineering
community
Policies, programs, and
practices of professional
societies
Policies of your
employer(s)
Policies or guidelines of
funders of your work

23.9%

31.2%

28.5%

16.4%

22.9%

43.6%

25.8%

7.8%

18.4%

37.4%

31.7%

12.5%

16.1%

33.7%

34.6%

15.7%

15.8%

34.1%

32.1%

18.0%

26.8%

32.0%

25.0%

16.1%

20.5%

35.7%

27.1%

16.8%

19.9%

37.5%

32.6%

9.9%

16.8%

35.2%

32.7%

15.3%

14.3%

17.1%

23.4%

45.2%

12.5%

33.5%

35.2%

18.8%

10.1%

29.3%

41.3%

19.3%

External Factors:
Human rights
principles/statements
Secular ethical
frameworks
Readings outside your
field
Policies/laws of the
country in which you
work
Religious or spiritual
traditions
Media coverage of your
field of work/research
Public opinion

As with the social responsibilities scores, each respondent's average influence score was
computed for each of the influence categories. For example, each persons’ childhood influence
score is the average of that person's responses to all the items in the childhood influence
category. Table 28 presents the means and standard deviations of these influence scores.
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Professional education has the highest mean among the influence scores and the category of
external factors has the lowest mean.

Table 28: Means of Average Scores of Influences on One's Views of Social Responsibilities

Influence
Childhood
Professional
Education
Workplace and
Professional
Experience
External Factors

1.79

Standard
Deviation
0.600

#
Responses
3,637

1.88

0.640

3,171

1.81

0.576

3,296

1.46

0.609

3,385

Mean

The survey response rate precluded the use of statistical tests of significance for analysis, as
noted above. Table 29 takes a descriptive approach to examining the relationship between
social responsibility scores and influence scores, without reliance on statistical significance. It
presents the means of average social-responsibilities scores (in the public, risk, research and
communicate categories) for respondents with high influence scores and those with low
influence scores. The cutoff points for high and low influence scores are calculated as one
standard deviation above and one standard deviation below the influence score's mean.
To illustrate, each person has an average score for how influential various people and
experiences from their childhood were, in terms of their views of social responsibilities. The
overall mean of these scores, across all respondents, is 1.79 and the standard deviation is .600,
according to Table 29. Some respondents had high childhood scores, that is, greater than or
equal to 1.79 + .600 = 2.39. The mean social responsibility scores for this group are listed in the
first row of Table 29. Some respondents had low childhood scores, that is, less than or equal to
1.79 - .600 = 1.19. The mean social responsibility scores for this group are listed in the second
row of Table 29. The other rows of the table present social-responsibility means for
respondents with high or low scores in the other influence categories.
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The table can be used to compare social responsibility scores of those with high influence
scores and those with low influence scores. In each case, those with high influence scores have
higher social responsibility scores than those with low influence scores.

Table 29: Means of Average Scores of Social Responsibilities,
for Those with High and Low Means of Average Scores of Influences
(Number in parentheses is the number of respondents included in the calculation of the mean)

Importance
For those
with:
High
Childhood
( . )
Low
Childhood
( . )
High
Education
( . )
Low
Education
( . )
High
Workplace
( . )
Low
Workplace
( . )
High
External
( . )
Low
External
( . )

Action

Public

Risk

Research

Communicate

2.53
(635)

2.60
(591)

2.57
(618)

2.57
(639)

1.99
(517)

2.44
(479)

2.17
(363)

2.28
(525)

1.84
(383)

1.97
(328)

2.22
(378)

1.97
(387)

1.13
(307)

1.58
(228)

1.48
(176)

1.51
(258)

2.56
(482)

2.64
(459)

2.60
(466)

2.57
(496)

2.03
(387)

2.53
(383)

2.29
(288)

2.28
(416)

1.87
(406)

1.96
(319)

2.28
(362)

2.02
(381)

1.11
(347)

1.53
(217)

1.35
(174)

1.50
(261)

2.60
(510)

2.68
(485)

2.63
(490)

2.69
(518)

2.09
(423)

2.54
(419)

2.23
(328)

2.34
(454)

1.83
(453)

1.89
(356)

2.20
(436)

1.97
(425)

1.09
(398)

1.35
(253)

1.36
(200)

1.38
(305)

2.59
(473)

2.66
(450)

2.57
(464)

2.61
(471)

2.07
(388)

2.51
(378)

2.21
(277)

2.37
(394)

1.82
(346)

1.81
(274)

2.25
(337)

1.96
(332)

1.11
(303)

1.34
(194)

1.44
(191)

1.44
(248)
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Open-Ended Responses
Most of the open-ended responses fit within existing categories used in the survey. The
influences from the quantitative analysis are listed below, with recommendations for additional
sub-categories based on findings from the qualitative analysis (see Table 30).

Table 30: Influences on Views of Behaviors Related to Social Responsibility

Influences identified in the survey
instrument

Recommended subcategories based on
qualitative analysis

Childhood

Additional subcategories:

a. Family
b. Friends
c. School/Teachers
d. Community activities (e.g., community
service, participation in science fairs,
internship with a scientist/engineer)
e. Arts/Film/Literature
Professional Education

Early childhood experiences with
discrimination and/or adversity

Additional subcategories:

a. Mentors
b. Formal instruction (classes, lectures,
trainings) as a student in an academic
institution
c. Other professional education outside your
formal education track
d. Policies of the institution(s) where you
received your degree(s)
e. Experiences within the institution(s) where
you received your degree(s)
f. Research or projects in which you
participated as a student or postdoc
g. Other experiences as a student or postdoc
Workplace and Professional Experience

Student or postdoc organizations
Continuing education / self-study

Additional subcategories:

a. Colleagues/Peers

Pressures in the workplace
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b. Policies of your employer(s)
c. Experiences while working with your
employer(s)
d. Policies, programs, and practices of
professional societies
e. Policies or guidelines of funders of your
work
f. The role your profession plays in the local
community or larger society
g. Professional expectations shared by
members of the scientific/engineering
community
h. Impact (potential or actual) of your
work/research on others or the planet
i. Codes of ethics or similar documents
j. Readings in your field
Factors External to Your Professional
Education, Work and/or Experience

Service work within the context of
profession
Teaching and/or training students and
mentees
Career mentors
(a) could be specified as
“Colleagues/Peers within and outside
your field” as many respondents talk
about experience with experts in
other fields being impactful or this
could be broken into two separate
subcategories.

Additional subcategories:
Environmental considerations
Economic considerations
Experiences living and working in
other geographic regions (location,
culture are mainly discussed)
Personal / Personality traits (a large
number of responses point to these)
Social media (unless this is
understood as part of (a))
Political climate and current events of
country in which you work
Experiences of adversity and
discrimination
Importance of diversity (this is
described in terms of own life, lack of
diversity in academic institutions, and
importance of diversity in society)
Personal Social Networks

a. Media coverage of your field of
work/research
b. Public opinion
c. Policies/laws of the country in which you
work
d. Human rights principles/statements
e. Religious or spiritual traditions
f. Secular ethical frameworks
g. Readings outside your field
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Social Responsibilities in Relation to Workplace Climate
Respondents who had worked within a science- or engineering-related field within the previous
three years or who were currently students were invited to answer questions about the climate
of their workplace. Specifically, they were asked: “To what extent do the following statements
characterize your workplace environment of the past three years? If you are currently a
student, please answer with regard to your educational environment. If retired, please answer
with regard to your last full-time position.”
The four climate categories (positive, negative, supportive and pressured) were determined
from a factor analysis of the climate items, as described above. Items are listed here in order,
from highest to lowest percentage, of "To a Great Extent" responses, within categories.
Supporting data for Table 31 are presented in Appendix 13 (including number of responses,
number of "Not Applicable" responses and number of missing responses).

Not
at All

Very
Little

To Some
Extent

Climate
Category

To a Great
Extent

Table 31: Distribution of Responses to Climate Questions

Positive:
High professional
standards

54.7%

37.1%

7.1%

1.2%

Supportive environment

32.7%

45.5%

17.5%

4.4%

Satisfactory salary level

22.9%

46.4%

20.3%

10.4%

20.5%

48.9%

24.5%

6.2%

18.5%

43.1%

28.4%

10.0%

Opportunities for
professional
advancement
Adequate administrative
support
Negative:
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Conflict among colleagues

9.9%

33.6%

41.7%

14.9%

Unfair rules or policies

8.9%

20.8%

37.2%

33.1%

Pressure to behave in
ways inconsistent with
your professional values

6.6%

14.8%

24.9%

53.8%

Low ethical standards

5.7%

14.3%

25.3%

54.7%

Restrictive policies/laws
of the country in which
you work

5.5%

12.9%

28.0%

53.6%

48.8%

36.4%

10.7%

4.1%

32.5%

45.2%

15.4%

7.0%

18.0%

42.6%

30.6%

8.8%

14.9%

37.4%

30.8%

16.9%

41.7%

43.4%

11.4%

3.5%

35.5%

42.2%

17.1%

5.2%

34.5%

33.8%

19.4%

12.3%

Supportive:
Freedom to pursue
interesting lines of
work/research
Equitable treatment of all
people
Opportunities to interact
with the public
Opportunities to be
mentored
Pressured:
Heavy workload
Competitive pressure to
produce new findings
Pressure to obtain
external funding

The means related to climate in Table 32 were calculated in the same way as the means related
to influence (see Table 28). The highest overall mean is in the pressured climate category, and
the lowest is in the negative climate category.
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Table 32: Means of Average Climate Scores
Climate
Positive
Negative
Supportive
Pressured

Mean
1.97
0.92
1.89
2.10

Standard
Deviation
0.583
0.652
0.567
0.644

#
Responses
2,915
2.598
2.625
2,818

Table 33 presents a descriptive view of mean average social-responsibility scores for
respondents with high climate scores and those with low climate scores. The cutoff points for
high and low climate scores are calculated as one standard deviation above and one standard
deviation below the climate score's mean. Entries in the table were calculated in the same way
as entries in Table 29 above.
There is a consistent pattern of higher social responsibility means for those with high climate
scores. This pattern holds for positive and supportive climates as well as for negative and
pressured climates. This unexpected pattern may suggest that respondents who are particularly
attuned to workplace environment positive or negative may also be more aware of the
importance and enactment of social responsibilities.
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Table 33: Means of Average Scores of Social Responsibilities,
for Those with High and Low Means of Average Climate Scores
(Number in parentheses is the number of respondents included in the calculation of the mean)

Importance
For those
with:
High
Positive
( . )
Low
Positive
( . )
High
Negative
( . )
Low
Negative
( . )
High
Supportive
( . )
Low
Supportive
( . )
High
Pressured
( . )
Low
Pressured
( . )

Action

Public

Risk

Research

Communicate

Public

Risk

Research

Communicate

2.30
(466)

2.37
(405)

2.49
(447)

2.40
(460)

1.60
(408)

2.17
(306)

1.91
(225)

2.00
(341)

2.14
(306)

2.25
(257)

2.39
(295)

2.23
(298)

1.50
(251)

2.02
(204)

1.72
(180)

1.80
(224)

2.34
(405)

2.43
(379)

2.45
(402)

2.37
(411)

1.80
(352)

2.30
(327)

2.07
(285)

2.06
(344)

2.15
(380)

2.24
(304)

2.41
(364)

2.34
(353)

1.33
(318)

1.92
(217)

1.63
(170)

1.84
(257)

2.39
(448)

2.47
(396)

2.50
(437)

2.53
(428)

1.80
(380)

2.27
(307)

2.06
(211)

2.16
(326)

2.06
(382)

2.15
(330)

2.30
(377)

2.15
(379)

1.32
(322)

1.87
(257)

1.68
(220)

1.72
(291)

2.31
(362)

2.37
(296)

2.49
(345)

2.34
(343)

1.66
(293)

2.23
(234)

1.91
(192)

1.95
(269)

2.08
(423)

2.19
(366)

2.35
(398)

2.25
(409)

1.33
(359)

1.84
(283)

1.69
(211)

1.74
(312)

Open-Ended Responses in the Further Comments Section
The responses provided in the Further Comments section, as categorized in Table 34, were
largely unpatterned. Respondents provided feedback on their experience of the survey, context
about their responses in other sections of the survey and their careers, perspectives on
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responsibilities, and societal concerns. Many respondents provided context for how they
answered particular questions or how their disposition, as researchers in particular fields,
meant that they found aspects of the survey irrelevant to their work. (For instance, selfidentified mathematicians repeatedly articulated that they felt their work was too far removed
from society to be relevant). Excerpts from three categories of particular interest are presented
here: Responsibilities of Scientists and Engineers, Institutional Concerns, and Pressures.

Table 34: Response Categories for Further Comments

Category

Count
(n=)

Category

Count
(n=)

Survey Experience

125

Perspectives on AAAS

4

Context

107

Pressures

31

Diversity concerns

11

Recommendations

11

Education

28

Responsibilities of Professional
Societies

8

Environment

6

Responsibilities of Scientists and
Engineers

165

Ethics

25

Societal Concerns

33

Global Perspective

6

Concerns about misinformation

7

Institutional Matters

57

Value of Social Responsibility

22

Other

70

Discarded

116

Responsibilities of Scientists and Engineers (n = 165): Many respondents used the further
comments section to offer perspectives on what they feel should be the responsibilities of
scientists and engineers, as well as concerns about these expectations. Communication was a
theme among some responses, including the responsibility to gently educate family, friends
and acquaintances about science and the scientific method” (Life sciences, North America,
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University or College). Another respondent spoke of the “need to do better at demystifying how
science works and be more honest about its flaws as well as its strengths. The public want to be
involved and want to learn; we need to do better at including them as partners in the scientific
enterprise” (Life sciences, North America, Industry/Commercial).
Broader concerns raised included about the potential politicization of science. A life scientist
from North America in a University or College said:
I agree that scientists have social responsibility. I fear that many interpret that to mean
that scientists should be political, since everything is interpreted politically these days.
We have expertise in scientific questions, but we do not have expertise in political ones.
If we act like we do, then we will lose credibility. Most scientists (at least in public) lean
left, which means that if scientists become political, right leaning people will tune out. I
worry about loss of our message.
Encapsulating the challenge of articulating and encouraging the scientific community to act
upon their social responsibilities of scientists was addressed by an earth, atmospheric and
ocean scientist in a government agency in North America who said:
Yes, I think we have social responsibilities. What they are, exactly, is more complicated.
I'm happy to see my professional organizations considering this question. However there
is a wide range of views on what exactly these responsibilities are, so I am interested,
and perhaps slightly concerned, to see what my societies come up with as positions, if
this is where that's headed. I'm a gov't scientist and I feel strongly that my role is pure
objective science, 100% clear of advocacy.
Institutional Matters (n = 57): Respondents articulated concerns about their institutions that
they related to social responsibility. These included institutional culture, priorities, and
management. These concerns were addressed by an engineer in the primary/secondary school
system in North America:
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There is no professional home for those who choose to pursue careers in mentoring
and/or improving and increasing public understanding of both the breadth and the gaps
in research and its implications on daily life. Funding and career paths are reserved for
PhDs who often end up spending their careers removed from the practical application of
their skill set in the workforce. There is a gap between academia and industry that could
be addressed by engineers with practical experience to share.
Responses also included institutional factors they viewed as impeding social responsibility
activities, and/or general concerns about their institutional environment, including the failure
to “teach science in a historical context ... Science is a social enterprise, subject to cultural
trends and students (at my university are not exposed to this concept” (Life sciences, North
America, University or College), the lack of a “professional home for those who choose to
pursue careers in mentoring and/or improving and increasing public understanding of both the
breadth and the gaps in research and its implications on daily life” (Engineering, North America,
Primary/Secondary school education), and the failure of the prevailing publication review
process to ensure against “protecting privilege, ranking, and power” (Engineering, North
America, University or College).
Another impediment to engaging in activities of an outward or social character included the
fact that “Time available for outreach and policy development is very limited” (Earth,
atmospheric, and ocean sciences, North America, Government Agency) and “Many universities
pay lip service to public service but give only token rewards” (Earth, atmospheric, and ocean
sciences, North America, University or College). The respondent commented that “My former
employer, USGS, used to be the same, but changed its own rules to give serious, promotion
credit to "non-publication" public service. Encouragement and incentives from employers to
"do good" (i.e., to be socially responsible) can be quite powerful. Not every scientist will want
to add outreach or other public service to their work, but those who do should be rewarded.”
Pressures (n = 31): Respondents discussed other pressures in their working environment they
feel inhibit social responsibility goals from being taken seriously, prioritized and acted upon,
including the scarcity of time which leads some to be “too busy to worry about the issue, most
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of the time.” (Life Sciences, North America, University or College), the lack of appropriate
rewards, and, related to that, the emphasis on bibliometric indices and number of publications,
not on the quality and effects of the research. This means that the primary and true objective of
researchers is to publish and be cited, not to serve knowledge and society” (Earth, atmospheric,
and ocean sciences, Europe, University or College).
An alternative perspective on the pressures faced by scientists and engineers was expressed by
a physical scientist working within a government agency in North America who said:
I believe too much pressure is currently being applied to scientists to incorporate social
justice considerations into their work, which is not germane to their scientific endeavor.
In fact, doing so saps time and energy that might be applied to the research, and it relies
heavily upon perception of the possible effects of future work that has not yet been
conducted; this institutionalizes speculation and stifles or clouds the otherwise
unfettered performance of quality scientific work.
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3. Interviews and Focus Group
Building on the findings of the global survey, recognizing the limitations presented by the low
response rate, and in an effort to contribute to domestic understandings and actions with
regard to the social responsibilities of scientists and engineers, we undertook a United States
focused qualitative assessment involving interviews and a focus group. Our aim was to
document the views of leading scientists and engineers, instructors in the responsible conduct
of research, academics, administrators and science funders with regard to the social
responsibilities of scientists and engineers, their behaviors relative to those responsibilities, and
mechanisms to support scientists in fulfilling their responsibilities. We then intended to
compare the findings of this qualitative assessment with the findings of the survey.

Design of Interview and Focus Group Protocols
The interview and focus group protocols were designed to mirror each other. They were
intended to illuminate the reasons “why” behind the survey responses, with the last
substantive question covering strategies and solutions. The protocol was intended to lead to an
approximately 30-minute interview discussion and 1 hour focus group.
The interview protocol (see Appendix 14) began with an introductory question designed to
orient the discussion around the theme of the social responsibilities of scientists and engineers,
including a description of “social responsibilities of scientists” for the purposes of the interview.
That description was as follows, “a responsibility associated with a scientist’s work

in

research, development, communication, instruction, and so on that takes into consideration
the social context or public interface of that work.” This working definition of "social
responsibilities of scientists" was derived from the original 19 survey questions, so that the
frame of reference would correspond as closely as possible to that of the survey respondents.
What the 19 items all have in common is reference to society or the public (implied, in a couple
of cases).
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The substantive questions focused on (1) the important social responsibilities of scientists; (2)
the most important social responsibilities (mirroring the importance questions in the survey);
(3) behaviors that align with the social responsibilities mentioned (mirroring the action
questions in the survey); and (4) the best ways to support scientists in fulfilling the
responsibilities identified (aimed at eliciting suggested strategies and solutions). In each case,
the protocol included prompts to be used in the event the interviewee hesitated to answer the
question asked. The final question included the most specific prompts, asking interviewees to
consider, in particular, the role of policy, training or education, and professional societies and
codes of ethics. The focus group protocol (Appendix 14) differed only in relation to the
penultimate and final questions which asked the focus group participants how students react to
discussions about the social responsibilities of scientists, and what they considered to be the
best ways to teach scientists to fulfill the social responsibilities identified. In both the interviews
and focus group participants were asked to share their personal perspectives, whether or not
they aligned with those of their institution.

Identification of Participants / Recruitment Method
AAAS planned to conduct up to 30 interviews and up to five focus groups with up to five
individuals in each focus group, with the aim being to achieve disciplinary and regional
diversity, and to engage individuals from academic institutions at each level of the Carnegie
Classification (Indiana University, n.d.) and at both public and private institutions. The
interviewees were drawn from three groups: leaders in the responsible conduct of research
from large science funding agencies, namely the National Institutes of Health (NIH) and the
National Science Foundation; provosts/Vice Presidents for Research at research universities
identified using the Carnegie Classification and disciplinary leaders in their field identified based
on their publication record, derived with input from selected editors from the Science family of
journals and by applying the Science Citation Index. We also interviewed one person from the
Office of Research Integrity, with a focus on programs on responsible conduct of research.
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The focus groups were intended to consist of teachers of responsible conduct of research, and
individuals responsible for running responsible conduct of research programs at universities.
We aimed to identify up to ten individuals from each group with no more than five people
participating in each focus group.
The potential interviewees received an email from AAAS inviting them to participate in the
interview. The email described the context for the interview, the type of questions to be asked
and the measures taken to protect the confidentiality of their responses. We sent follow-up
emails to non-respondents at one week intervals for no more than two weeks. Individuals could
refuse to participate in an interview by ignoring the invitation or declining to participate. There
were no personal or professional consequences for refusing to participate in an interview. If
individuals agreed to participate in an interview a time was scheduled to speak with them, with
the intention of the interviews taking no longer than 30 minutes.
The focus group participants similarly received an email from AAAS inviting them to participate
in the focus group. The email described the context for the focus group, the types of questions
to be asked and the measures taken to protect the confidentiality of their responses. We sent
follow-up emails to non-respondents at one week intervals for no more than two weeks.
Individuals could refuse to participate in a focus group by ignoring the invitation or declining to
participate. There were no personal or professional consequences for refusing to participate in
an interview. If individuals agreed to participate in a focus group, each individual in a focus
group was informed of the others who would form part of their discussion. A time was
scheduled to hold the focus group, with the intention of the focus group taking no longer than
one hour.
In total, we conducted 14 interviews and one focus group (see Table 35). The interviews
engaged four Vice-Presidents of Research (two from R1 institutions, one from an R2 institution
and one from an R3 institution, all from public universities), three trainers in responsible
conduct of research, two additional experts in the responsible conduct of research from federal
agencies, and three scientists, leaders in their field (one each from a public and private
university, and one from a National Laboratory). We interviewed two Responsible Conduct of
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Research (RCR) trainers who were initially recruited to participate in a focus group but because
of an inadequate response to our invitation to participate in a focus group were interviewed
instead. Three of the RCR trainers were based at R1 universities, two at R2 universities, three
were based at public universities and two at private universities. The three RCR trainers who
participated in the focus group were particularly expert in their field, averaging 19 years in RCR
training across focus group members.

Table 35: Participant Characteristics: Interviews and Focus Group
Carnegie Classification

Private/Public Institution

Role

R1: Very high research activity

Public University

Vice President of Research (2)

R1: Very high research activity

Private Not-for-Profit University

Leader in field

R1: Very high research activity

Public University

Leader in field

R1: Very high research activity

Public University

RCR instructor (2)

R1: Very high research activity

Private Not-for-Profit University

RCR instructor

R2: High research activity

Public University

Vice President of Research

R2: High research activity

Private Not-for-Profit University

RCR Instructor

R2: High research activity

Public University

RCR Instructor

D/PU: Doctoral/Professional
University

Public University

Vice President of Research

Federal Agency

RCR instructor (3)

Federal Agency

Senior administrator (2)

National Laboratory

Leader in field

The interviewees came from a breadth of disciplinary backgrounds, from molecular biology,
chemistry and physics to electrical and computer engineering, and included two lawyers whose
work focuses on scientific research ethics. Most of the interviewees had a principally academic
background, primarily within a university setting with a small number working in government
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research contexts. Only one interviewee had significant industry experience and the majority
were trained in the United States.

Data Collection Methods
The interviews were conducted by project staff using Zoom, allowing for the interview to be
audio-recorded for later transcription. At the outset of the interview, interviewees were asked
for their consent to be recorded and the reason for the recording was explained together with
information about who would have access to the recording. No interviewee refused to be
recorded nor withdrew their consent to be recorded.
The focus group was, similarly, conducted by project staff using Zoom, allowing the focus group
to be video-recorded for later transcription. At the outset of the focus group, participants were
asked for their consent to be recorded and the reason for the video-recording was explained
together with information about who would have access to the recording. No focus group
participant refused to be recorded or withdrew their consent during the focus group.

Data Analysis Methods
In preparation for analysis, all the interviews and the focus group were professionally
transcribed by a transcription service. The transcripts were then formatted into tables, with
each speech segment labelled with an index number, with the number of the interview
question, and with tags to identify the interviewee by code and the interviewer.
Analysis began with simple coding of speech segments into content categories. The coding was
done by interview question at this stage, not across questions. Subsequently, substantive
themes were identified within and across questions, and the analyses were written using both
the content and theme coding. Quotes were chosen to present dominant responses within
categories, but attention was paid to responses that illuminated different facets of the primary
responses and those that represented opposing views.
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Results
The interviews and focus group revealed a striking coherence in perspectives about what might
be considered some of the more fundamental social responsibilities of scientists, the
connections between these responsibilities and core responsibilities of research integrity, as
well as the challenges in building clear norms and practice around the social responsibilities of
scientists and engineers. Across all interviews and the focus group strong themes emerged:
interviewees and focus group participants recognized a need for society to “trust” science and
scientists and the interest of the scientific community in developing a relationship with society
that cultivated such trust; another common theme concerned the risks and challenges of
ascribing social responsibilities to scientists and engineers, particularly when they are not
adequately trained to assume such responsibilities; and, finally, several interviewees and focus
group members reflected on the generational changes that indicate a growing interest in and
awareness of the social dimension of science, its conduct and context.

Question 1: What are the important social responsibilities of scientists?
The first question asked of interviewees was, “What would you say are the important social
responsibilities of scientists?” They were told that for the purposes of the interview, a “social
responsibility of scientists” is a responsibility associated with a scientist’s work

in research,

development, communication, instruction, and so on that takes into consideration the social
context or public interface of that work. The responses addressed three general categories of
responsibilities: (i) responsibilities specific to the conduct of science, including those
traditionally associated with research integrity; (ii) responsibilities arising from the
management of research, including the diversity of research teams, and the management of
research funds; and (iii) responsibilities that are externally facing, including the consideration of
the social impact of science, the engagement of the community in science, and communication
of science.
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Conduct of Science
Particularly, though not exclusively, among the RCR instructors and Research Integrity Officers
there was an insistence that issues of research integrity are not just internal responsibilities but
should also be considered social responsibilities of scientists. As one interviewee, a university
RCR instructor, put it:
I might tend to think of all the core responsibilities, we might call them, of
research in eg i
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all the responsibilities of being an active member of an academic community that
holds the outputs of that community to a certain standard of rigor,
reproducibility, I would tend to see all of these things as having a social function
in sustaining, maintaining the public trust and the public value of research
outputs.
A similar sentiment was expressed by another RCR trainer at a major funding agency who spoke
of the research continuum, “from an idea over here to whatever, some intervention paper or
some outcome over here … there’s clearly a need to be socially responsible along the whole
continuum.”
Specific examples given of responsibilities with a social dimension included ensuring
representativeness of data and addressing that issue in analysis and reporting, for example, in a
public health context. Another internal responsibility described by a Vice President of Research
is to ensure that research questions are framed in a way that is properly scientific, including not
taking up questions that have “been handed to us by the media, a political body” when the
question is not truly of a scientific nature but rather is a “social, cultural, political problem.”
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Management of Research
How research is managed as a process involving both human resources and financial
administration, was a strong theme emerging across the responses of interviewees. As one
interviewee, a leading scientist in their field, put it, “fostering both technical and social diversity
within the teams” is a social responsibility. On the technical side, several interviewees spoke to
the importance of collaborative teams that worked across disciplines. Working “with other
scientists and with unexpected partners as well” was seen to have benefits for the outcomes of
projects and help avoid “group think,” said a Vice President for Research. The social diversity of
a team was similarly viewed as beneficial to the outcome of a collaboration. As a leading
scientist in their field put it, “getting a perspective that is not something that you yourself
would have is how you do science at the highest level.”
Another Vice President for Research expressed their opinion that, not only the makeup of a
team but how that team is treated is also a social responsibility, particularly the responsibility
to ensure “the welfare and well-being of their students and postdocs”. The challenge, as one
interviewee emphasized, however, is that “scientists are not trained to be managers of people they’re trained to do science - and therefore you run into all kinds of problems.”
A further dimension of the issue of diversity in science was raised by a member of the focus
group who recognized the “historic and systemic inequities that have meant many groups have
not been part of the [scientific] enterprise either in doing the research or benefiting from the
research and technology emphasis added .” “That’s a huge parallel responsibility that has
been, I think, really missed”, they said.
A recurring concern among interviewees related to the management of financial resources
provided for research, particularly when those funds are “taxpayers’ money” or other “public
funds” whether they come from foundation, private individuals or others. The stewardship of
funds in a way that is fiscally responsible and accountable was seen as a key social
responsibility. Funds should be used in a way that is “productive” and scientists should be
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prepared to “justify the value of your research” said a leading scientist in their field who is
based at a national laboratory.

Societal Impact and Engagement
Communication of science was a commonly referred to responsibility of scientists, with three
different forms of and audiences for communication identified: peers, particularly in the
context of open science; publics who are communicated to in the sense of conducting outreach;
and communities communicated with in a form of bilateral engagement. A focus group
participant described the difference between these second and third forms of communication
as follows:
We
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worried about, of the kinds of research questions that need to be answered.
The most commonly mentioned responsibility was to communicate science to the public, to “let
them know why this is important and why this matters to you” as an RCR instructor at a major
funding agency describe it, and “to be truth tellers, storytellers, to make their knowledge
accessible, to be translators” as a Vice President for Research said. In addition to
communicating science, a high-level federal agency administrator emphasized the importance
of communicating about how science works, “the recognition that it’s a slow, incremental
process.”
One Vice President for Research believed, in a view shared by several interviewees, that the
social responsibilities of scientists concerned the focus of scientific research, requiring of
scientists to “think deeply, and focused only on how to impact society through the work that
we do” and to ask the question, “how is what I’m doing going to have a positive impact and
leave behind a better world?” A significant element of that responsibility is to consider
“unintended consequences” of the work that scientists do, for example, in the context of
technological developments in areas of artificial intelligence that have implications for bias,
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discrimination and privacy, or gene editing. The same Vice President for Research said that the
impact of science should be aimed at “major societal challenges and communities that face
those challenges” including through the translation of scientific knowledge and sharing of
scientific resources with countries and communities less equipped to be able to address
challenges “from climate change to water availability, to agricultural practices, and the impact
of all those water and climate on agriculture and food production.”
The same responsibility to consider and communicate the social impact of your work was
shared among focus group participants. One described the responsibility this way:
Researchers have a responsibility to think about the impact and the relevance of
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so far as they may need to defend it, and so far as it may be misrepresented,
insofar as it may be misunderstood, insofar as they could frame it in ways that
have more positive and less negative implications and repercussions or
misunderstandings.
The focus on societal impacts was tied closely to the responsibility expressed by a number of
interviewees to engage communities whether communities the focus of research, or local to a
university in the research design, implementation and analysis process. One Vice President for
Research, different from the person quoted above, described this responsibility as “faculty
working together with students, making themselves available to the community, receiving
questions, project ideas from the community, partnering with community organizations to
tackle real world problems.” To work in partnership with a community means to “be aware of
community norms or community expectations” said a federal funding agency employee.
Examples of such partnerships were provided, including monitoring COVID levels in wastewater
and assessing public health and mitigation measures in light of their findings.
One interviewee, a federal funding agency employee, was explicit that the responsibility to
engage and serve communities was a responsibility particularly to the community in which a
university is located:
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Question 2: Which of the social responsibilities mentioned are the most
important?
Taking the social responsibilities described by interviewees in response to the first question,
they were then asked to identify the most important social responsibility. A follow-up question
was asked to determine whether the interviewees believed there was broad agreement on the
responsibilities they had identified earlier, or whether any of the responsibilities, they
considered, were controversial or problematic in some way.

Most Important Social Responsibilities
For the most part, interviewees hesitated to identify just one social responsibility they
considered the most important, but when encouraged to do so, several of them identified
responsibilities associated with the conduct and management of research which they
considered “fundamental” or “foundational.” Indeed, doing “good science” with integrity was
the most important social responsibility unanimously agreed to by the focus group members.
An RCR instructor at a major federal funding agency explained their response in this way, “you
can’t have the external responsibilities unless the science is solid … because that’s the
foundation.” As another federal agency employee put it, “I think it’s really conducting ourselves
as researchers, as scientists, such that we deserve that [public] trust because I think everything
flows from that.” Another interviewee, also from a major federal funding agency, put it this
way, “I think it’s probably in working to ensure that the public facing outputs, being
publications of research, are sound. I think that is the social function of research, right?
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Generation of new knowledge. And if something is to be regarded as knowledge, then it needs
to be credible.”
For others similarly concerned with the inner workings of the scientific enterprise, the most
important social responsibility concerned the structures of science and the opportunities to
become a scientist and excel. An example provided of this responsibility by a Vice President for
Research was in “helping bring women and underrepresented minorities into their own
community … to make sure that women in engineering or women faculty in engineering don’t
quit after two or three years.” Similarly, another interviewee, a leading scientist in their field,
spoke of the responsibility of “inclusion and opening doors and diversifying the biomedical
workspace.” They added, “I sort of assimilated the idea that this is a merit-based system and
the cream sort of rises, but the fact that so many of us don’t rise is because of structural issues
that are institutional that need to be recognized and addressed. That for me is really important.
I think education should not be such an elite system.”
Of the few interviewees who considered communication or community engagement as the
most important social responsibility, one Vice President of Research put it this way,
“communication. We don’t get anywhere if our work isn’t disseminated, and in a way that is
palatable without diluting the truth or power of it.”
What emerged in response to this question was an additional responsibility not directly
addressed earlier but proffered by a leading scientist in their field, which is to train students to
consider the social context of their work, and to evolve from researchers to someone who can
“build and run a laboratory.”

Agreement (and Disagreement)
For the most part, interviewees did not readily identify social responsibilities about which they
thought there was broad agreement, except in the area of research integrity. As one
interviewee explained, “there’s a lot of agreement on how to conduct scientific research, but in

93

AAAS

terms of our responsibilities for society, I think that may vary with institutions.” The reason for
this was explained by an RCR instructor from a major funding agency as follows:
These are explicitly carved out as not being within the purview of institutional
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outside. And with that in mind, I would think that the scientific community might
also have an inclination to think of these things as beyond the core
responsibilities.
Other interviewees suggested that, while there may be consensus about some of the
responsibilities, “in practice, though, there is a lack of awareness, which is really the biggest
barrier,” as described by a leading scientist in their field. Or, as a federal agency employee
stated, their framing as “social responsibilities” may not have broad agreement, and even
where agreement exists about the responsibilities, “there’s probably a lot of disagreement
about how to implement efforts.” Specifically, a Vice President for Research said, “there’s a
general sense that we need to do a better job of sensitizing our students to these issues … I
can’t honestly answer whether there’s a consensus on how to do it.”
Interviewees found it easier to suggest areas of likely disagreement about the social
responsibilities they had identified. For example, one Vice President for Research, not the same
one quoted immediately above, proffered that, “I think many people probably don’t feel much
of a responsibility to educate the public.” Another interviewee suggested that, as a measure of
the extent to which there was consensus on the centrality of social responsibilities in assessing
the performance of a science, promotion and tenure practices of leading research schools could
be looked at and, in practice, teaching and community engagement are not given adequate
weight.
Similarly, in engineering, a major funding agency employee said that “in the education research
community, people have started to question things like the positionality of the researcher with
respect to the work that they’re doing. However on the engineering side, in terms of design
etc … I don’t necessarily see things framed in that way.” The interview considered that “lack of
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awareness” may explain some of the disconnection between the education focus and
engineering practice.
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responsibilities you have mentioned?
Even more than in the responses to the question above, interviewees struggled to identify
areas of clear alignment between the social responsibilities they had identified and scientists’
actual behavior. In the area of research integrity, interviewees said “it’s a mixed bag,” and “it’s
easy to cut corners” but the “the intent is there” and “scientists want to do the right thing and
intend to do the right thing.” One reason frequently given for the potential misalignment
between intention and action was the need to constantly refresh understandings of the
responsibilities of scientists, and maintain open dialogues about those responsibilities such that
scientists at all levels kept issues of scientific integrity in mind when conducting research. Other
reasons for the misalignment included the pressures of science “to show results” or publish.
Misalignment between social responsibilities related to the management of research and
practice were identified by interviewees, including one Vice President for Research, as being
derived from the challenges of bringing “ideas from the social sciences and the humanities
together with the STEM disciplines,” and a failure to be self-reflective and challenge what a
leading scientist in their field described as the “fallacy among a lot of scientists that it’s a
meritocracy.”
In response to this question, interviewees focused less on the external facing responsibilities of
scientists. Interviewees, however, who did address communication and societal impact in their
responses acknowledged that practice “varies really, really broadly”, as stated by a leading
scientist in their field. Interviewees did, however, identify a trend toward greater focus on
these responsibilities in recent years driven, at least in part, by the demands of funding
agencies.
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The challenge identified by several interviewees, and as put simply by a Vice President for
Research, is that “most scientists are more comfortable in their lane, science. I think it’s a little
scary to get outside of that lane.” Interviewees recognized that scientists are not well trained
beyond the technical aspects of their discipline and the question needs to be answered, as a
leading scientist in their field put it, “How do you train this next generation of students to be
thinking in a socially responsible way?”

Question 4: What are the best ways to support scientists in fulfilling the
responsibilities that you have identified?
Multiple suggestions were made for supporting scientists and engineers in fulfilling their social
responsibilities, with a particular emphasis placed on training and creating an environment in
which senior scientists led by example, but also structural measures that created a culture in
which the social responsibilities of scientists and engineers were imbued within scientific
organizations as well as the scientific workforce.
Training and Mentors
The final substantive question in the interview asked interviewees to suggest ways of
supporting scientists in the fulfillment of their social responsibilities. The primary focus of
responses was on training. Interviewees suggested different primary audiences for such
training. For some, the emphasis was on Ph.D. students, who are getting “acculturated” in their
discipline, while for others starting earlier in the learning process meant training science and
mathematics teachers in local middle and high schools. Most of the discussion focused on
young and early career scientists.
The value of training was discussed in the focus groups at some length: “sensitizing the
students] to the issues, and giving them resources to know where to ask questions and what
types of questions to ask.” As one focus group participant said:
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other students or colleagues or whomever it may be.
Another described the process of discussion and debate in a training as part of the value of the
learning process:
This is a possibly unique opportunity for you to interact with people, often from
diverse disciplines, to model and learn what it means to talk to one another
about these difficult issues. I am far less concerned about them remembering
any specific fact than that they learn the idea that I can figure out how to meet
this challenge better by talking to others, rather than just doing it by myself and
opening up this sort of communitarian approach.
A challenge that many interviewees identified is that current trainings for science students, and
early career scientists, do not address the social responsibilities of scientists, and to do so
requires particular thought about how to most effectively engage students in the topic. “It’s no
longer considered to be something that you just pick up by osmosis,” said one leading scientist
in their field. As a RCR instructor further elaborated:
I think there is a role to be played by formal structured programs that occasion
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Such training was clearly seen by some interviewees as a component of traditional science
education. A Vice President for Research said, “as we socialize people into being scientists, we
should also teach them how to take that out of the lab and into the world, when and when not
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to.” Addressing the social responsibilities of scientists was expressed by some specifically as an
extension of existing trainings on ethical behavior.
In addition to the approach of “experiential learning” mentioned above, other RCR instructors
suggested a “situational format” while others described their approach of engaging students
through case studies. In general, however, a question among interviewees was how to most
effectively address social responsibilities of scientists through trainings.
Institutional support for such training was certainly seen as vital to its success, with several
supporting mandatory trainings at universities, and others preferring the carrot approach
offered by funding agencies requiring such training and/or integrating the need for such
training into tenure and promotion consideration, the requirement to hire graduate students in
a lab and so forth. To integrate the training into the processes of the institution in this way was
seen as a way for institutions to demonstrate what one RCR instructor described as “more than
just lip service, not just saying this is important to us, but it’s so important to us here’s what
we’re going to do to help you make this a reality.” Another opportunity suggested for
institutional support was to provide scientists with “protected time” to start a program to help
trainees understand alternative careers or to work on communications projects, for example.
An RCR instructor at a major funding agency did raise a concern about a mandatory approach to
training in a context in which mentors did not express clear support for such training, giving the
impression that it might not be valued or otherwise be “a waste of time.”
The focus group of RCR instructors addressed directly the important potential role of mentors
in guiding students, and modeling for them their social responsibilities, providing time for
students to learn about their responsibilities, and engage in activities that allowed them to
pursue their interests in this area. To that end, one focus group participant described a program
on their campus focused on training mentors so that they could better support students. One
focus group participant did sound a note of caution when relying on mentors to support
students in understanding and acting according to their social responsibilities if the mentors
“did a bad job,” recognizing that the success of such an approach “depends on having a good
mentor” and/or having “processes in place to enhance and increase the good mentorship.”
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Professional Societies and Codes of Ethics
Professional societies were seen as a potential venue for the hosting of trainings on the social
responsibilities of scientists. “AAAS should be doing this all day long,” said a Vice President for
Research. One particular benefit to the provision of such trainings by professional societies was
the breadth of scientists, including those outside academia, that could be reached. One
interviewee described a training course being hosted by a scientific society for the first time this
year, and emphasized that the course was available not only to members but also to the
community of scientists more broadly.
Another potential role identified for societies by another Vice President for Research was to
“drive these questions and this conversation,” whether through conferences or other
convenings, that take advantage of the broad network of professionals associated with a given
organization. Indeed, professional societies were seen by a leading scientist in their field as
determining “how things work in your profession,” as defining the culture of a profession and
helping individuals define their “professional identity” within that culture. One of the focus
group members described the potential role of professional societies similarly, as “normalizing
ethics…they can make it a normal, natural part of every conference, of every journal.” Another
similarly spoke of the function of professional societies in “identity formation … who we are,
what we do, what we value, what we prioritize, and have a social responsibility being part of
that identity.”
Professional societies were also recognized for their role in defining standards of conduct
within a discipline and promulgating codes of ethics. On the subject of codes of ethics, an RCR
instructor considered it, “an interesting and valuable phenomenon that individual research
disciplines have their own codes of ethics … and because they exist, I think people do turn to
them. So, if these did address the domain of broader social responsibilities, I think that would
be productive, for sure.”
Overall, however, there was not much support for codifying social responsibilities. Comments,
particularly from Vice Presidents of Research, describing potential codification as “dangerous”,
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as potentially “difficult to read and internalize” and as an ineffective way to “legislate change.”
Rather, suggestions were made to provide “general guidance” in the way of the National
Institutes of Health Field Guide to Collaboration, or other similar guiding principles or
recommendations that provide a narrative basis for describing actions, that generate
conversation and provide an opportunity to explain why it is in the interest of the scientist to
engage.
Participants in the focus group were similarly circumspect about the role of codes of ethics. One
said, “I’ve got the cynical stance … I think as a kind of thought and engagement resource, I think
they’re good. I don’t think they function like the

commandments. If they’re even known, I

don’t think they’re seen as binding.” The same focus group participant added, “I think the code
is more just a relic of the process.” The other focus group participants expressed their
agreement. That said, one potential value was recognized in professional societies using codes
of ethics to hold their members accountable to certain standards. While penalties imposed by
funders for breaches of ethics were seen as being mild, professional societies were seen as
potentially having a stronger impact in disincentivizing certain behaviors if they led to more
serious professional ramifications, when appropriate.

Policy
Interviewees found little role for policy in this area. One reason for this was offered by an RCR
instructor who said, “I myself would struggle to know what to say about what ideal policy
would be in this area. I mean, it feels amorphous enough yet at this time, that I don’t know
what the policy would be.” The suggestions for policy approaches focused on institutional
policies that would reflect university leadership commitment “to these ideals of social
responsibility, of integrity and ethics” such as programs to “target strategic hires,” as described
by a Vice President for Research.
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Diversity Equity and Inclusion
Recruiting to create a more diverse scientific pipeline was one specific intervention that was
suggested for better supporting scientists in fulfilling their social responsibilities because “the
endemic and systemic issues of race and gender … those are the root causes in some sense,” as
stated by a leading scientist in their field. Opportunities to affect change in the pipeline that
were suggested, based on existing activities, included programs aimed at providing targeted
support to students from disadvantaged students. An example provided by another leading
scientist in their field involved bringing those students onto campus a month before the
semester begins to provide coaching to those students which “helps anchor them in terms of
this is a place where you already know from your very first few weeks that you have people
who are experts and experience and can help you.”
Another example provided by an interviewee involved the role of mentors in nurturing students
from diverse backgrounds. One leading scientist in their field described their approach as driven
by a recognition that,
making sure that there are successful outcomes becomes even more important.
And if I can g a an ee ho e o come o I don

hink I ha e a be ca e

scenario for basically putting that person in a position to do what it is that they
an o do ne
hone

beca e i

hen I m going o ell ha

e on ha I m going o be

e

eall im o an o hem ha he a e o i ioned ell and

that their opportunities are maximized.
Diversity in terms of social and economic class is the specific impetus for another program
described by a Vice President for Research that brings students, 16 years and older, into the
research lab and engages students who otherwise might not have the opportunity to learn
about and learn to feel comfortable within a scientific research setting.

101

AAAS

Theme #1: Challenges
Across responses to the core questions of the interview, one theme that arose numerous times
particularly though not exclusively among Vice Presidents for Research, concerned some risks
associated with a focus on the social responsibilities of scientists. One interviewee was
concerned to make clear that a recognition that scientists have a responsibility of “translating
knowledge into solutions that have impact on society” should not be taken to detract from the
core tenet that “there is a lot of room in the scientific community for seeking knowledge for the
sake of seeking knowledge.” A similar concern was raised by an RCR instructor in the focus
group who said:
it no a ho gh o

an he

blic o d i e o

e ea ch agenda We need

researchers to do what they think is right. But we also need people to understand
ha

ha

fo e ing

ha

o ing hei

o k i of en a a e mone fo

the purpose of solving large societal problems. So there needs to be some kind of
balance there.
Another interviewee was concerned to point out that scientists are not “particularly
knowledgeable about how to take what you’re learning into the world in a large socially
responsible or irresponsible way because you’re probably not an expert in it.” In the context of
science communication, specifically, the challenge for scientists to communicate their science
effectively and the risks when that is not done well were mentioned. One interviewee said,
“lots of people who try to walk out of their lab in front of a microphone and say something,
don’t say it very well, and aren’t very clear, and aren’t as knowledgeable about the
environment they’re walking into as the environment they walked out of.” A focus group
participant expressed a similarly concern: “I’m also worried that some are just constitutionally
not well disposed to be the person to engage publicly .”
The focus group delved further into some of the challenges associated with any perception that
scientists should engage in public communication about their science, including the perceived
conflict between public engagement and “the identity of being neutral, what it is to be a

102

The Social Responsibilities of Scientists and Engineers: A View from Within

scientist, and what it is to be trusted as a scientist is to be neutral.” Another focus group
participant described the challenge as arising from “the kind of politics and science divide.” The
focus group also addressed the “fear” of becoming a target, in the way that Dr. Anthony Fauci
in the context of the pandemic has become a target amongst those who oppose his views. One
focus group participant put it this way:
I think communication is a double edged sword. I think a lot of researchers are
afraid of making things worse. But I think also one way to talk about it is you
have to direct the conversation. If you let naysayers direct the conversation, and
you just come in at the 11th ho
ge ha info ma ion o

o be like Well ha

of eo le head

no

e i

ha de o

he mi information. So, there is, I

hink a ea on o kind of join he con e a ion e en if o

e ca io

Theme #2: Trust
An important theme running through the interviews is one of public trust and the interest of
the scientific community of garnering the trust of the public as necessary to maintain public
funding of science, restoring or maintaining the prestige of scientists within society, and of
having science and scientists believed. As one RCR instructor described social responsibilities
generally, “I would tend to see all of these things as having a social function in sustaining,
maintaining the public trust.” Comparing the United States to Europe, one leading scientist in
their field expressed their view that “we’re not a culture where scientists or engineers are
looked at very well, right, or respected.”
Among interviewees generally, science communication was seen as having a particularly
valuable role to play in raising understanding about science and the prestige of scientists, of
“showcasing the importance of research,” “it sets expectations,” it helps the public “understand
why the research is worthwhile or why it is important” and, as one interviewee expressed,
would hopefully lead to scientists and engineers being held “in higher esteem.”
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Among participants in the focus group, the most important social responsibility was expressed
as being “good science” and “the trust reason” was given as a primary reason for that choice,
“to build the trust, to make the science actually taken up by people because they trust it, to
make them listen to you in the future, make them give you more funding.”

Theme #3: Generational Change
Another major theme concerns the fact that consciousness about the role of science and
scientists in society, the responsibilities of scientists to society, and the need to address these
issues as a scientific community has been increasing over time and there has been a recent
generational shift. “Students are interested in these sorts of things” said an RCR instructor.
“Integration between the different fields” was suggested by a federal agency employee as one
reason for this evolution as well as the burgeoning of “alternative careers” for scientists who
may want to work beyond academia and a lab setting. A Vice President for Research described
how, in the technology sphere, a shift among young engineers to question the social impacts of
their work was seen particularly among “a younger cohort” with the bargaining power to try to
effect change within large companies.
The strong “acknowledgement and consciousness around these issues today in academia” was
seen by a Vice President of Research to have grown in the past ten years into “much more of a
common conversation” and transdisciplinary in nature. A challenge, however, identified by an
RCR instructor at a major funding agency, was that progress would remain slow for as long as
the older generation of scientists remain in positions of leadership, serving as mentors, and in
other roles in which they can either encourage or discourage younger scientists from engaging
with their social responsibilities.
Among the RCR instructors in the focus group the same tensions were identified. One
participant said that they “have been really pleasantly surprised with how well received that
conversation is in my classes.” At the same time, they recognized that there were still scientists
who stuck strictly to “their lane” and who did not want to be “worried about that stuff,”
referring to the social responsibilities of scientists.
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Theme #4: Disciplinary Specificity
The final major theme focuses on disciplinarity. From interviewees who were clear to say that
they were speaking from their discipline’s perspective, to frequent reflections on the
increasingly multidisciplinary nature of research teams and interdisciplinary nature of global
challenges, the role of disciplinary practices and perspectives in a discussion on the social
responsibilities of scientists and engineers was clear.
Among interviewees and focus group participants there were differing views on the benefits
and pitfalls of multidisciplinary collaborations to address social challenges. One suggested that
disciplinary rigor was sometimes forfeited in multidisciplinary or interdisciplinary collaborations
that were formed to address questions posed to them, where those involved were “chasing
things we’re not good at chasing” rather than first asking the question “let me see if I can frame
that in a disciplinary appropriate way for the kind of work I do.” In contrast, another recognized
the challenge of interdisciplinary collaborations for which there was no disciplinary “Rosetta
Stone to translate all those languages into something coherent” but that when done well, “the
opportunity is huge, and the impact is a lot bigger.”
That disciplinary “ways of knowing are discrete and specific” was reflected in comments made
in interviews about the different, discipline-based, approaches to ethics training. The role of
professional societies in setting standards and expectations for a discipline was mentioned
several times in the interviews and focus group. Indeed, the idea that disciplines have specific
‘cultures’, created or reinforced by peers and professional societies was brought up more than
once.
Though not a focus of the discussion, the RCR instructors engaged in the focus group did reflect
on the nature of the RCR classes they taught, that they tended to be multidisciplinary in the
students engaged, and that the students benefitted from the discussions that evolved as a
result. In contrast, an interviewee described the challenge of teaching traditional ethics to a
multidisciplinary cohort of students when, for example, many students had no dealing with
human subjects or test animals.
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4. Discussion
General
The core question this study addresses is: What are the views of scientists and engineers
globally regarding their social responsibilities? For the purposes of the study, social
responsibilities are framed as those responsibilities associated with a scientist’s or engineer’s
work in research, development, communication, instruction, and so on that take into
consideration the social context or public interface of that work. This question arose in the
context of growing debate and discussion in society, in the policy arena, as well as among
scientists and engineers about the responsibilities they have toward society and the relative
absence of empirical data to inform those discussions.
Related questions explored in the study concern the sources of scientists’ and engineers’ beliefs
as regarding their social responsibilities, the factors that influence their ability to fulfill those
responsibilities, and whether and according to what variables there is disagreement about what
constitutes a social responsibility of scientists and engineers. An exploration of these questions
provides a basis for identifying how the views of scientists and engineers are formed, and
mechanisms for supporting scientists and engineers in acting according to their social
responsibilities.
The study unfolded in two stages: first, a global survey of scientists and engineers conducted in
partnership with scientific memberships organizations, primarily in the United States; and
secondly, a U.S.-focused qualitative research component that engaged leaders in science and
engineers, as well as instructors in responsible conduct of research, in interviews and a focus
group. The findings suggest a useful starting place for enumerating a list of social
responsibilities of scientists and engineers. Demographic variables that may be associated with
the perspectives of scientists and engineers in different ways are also identified, as well as
those variables that appear to have little impact. Consistent with the literature, the study
suggests that behaviors and aspirations seldom align (Jurkiewicz and Giacalone, 2017). At the
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same time, professional and background factors that may be associated with scientists’ and
engineers’ perspectives are identified.

What are the social responsibilities of scientists and engineers?
Saenko et al

argue that “essential for strengthening the so-called ‘moral science’ is the

personal sense of responsibility of a scientist.” Among the scientist and engineer participants in
this study, there was a sense of responsibility to society. Respondents indicated that the
following ten responsibilities listed on the survey were the most important, in order:
1. Mitigate personal biases in your research and when offering expert advice
2. Foster the interests of young generations in science and engineers
3. Take steps to prevent or minimize the risks to society associated with the conduct of
your work/research
4. Promote public access to scientific and technical information
5. When it comes to your attention, address the improper use of your research findings or
products by others
6. Notify appropriate authorities of suspected or observed research/professional
misconduct
7. When deciding on what work/research to pursue, take into account whether its
potential effects would benefit or harm society
8. When communicating research findings, acknowledge other relevant research
interpretations, whether or not consistent with your own
9. Advocate for publicly funded science and engineering that improves the quality of life
for some or all members of society
10. Communicate your work in a way that makes it understandable to the public
Taking the four categories of responsibility identified through the factor analysis

public, risk,

research, communicate more of these ten responsibilities fall within the ‘research’ category
than any other.
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In addition to these ten responsibilities, identified through the quantitative analysis of the
survey, an additional responsibility is suggested by the open-ended responses to the survey as
well as the interviews and focus groups, and that is the responsible management of public
research funds. Other responsibilities mentioned commonly in the open-ended responses to
the survey, as well as among interviewees and focus group participants, concerns the culture,
management and approach of the scientific and engineering enterprise, including the need for
diversity, equity and inclusion considerations to be tackled robustly in the workplace and
pipeline, in the design and execution of research, and in ensuring broad access to the benefits
of science and engineering.
As a measure of how novel, or not, these behaviors are as expectations of scientists’ or
engineers’ conduct, we undertook a review of ten codes of ethics of scientific and engineering
societies across the multiple fields of science and engineering5 to determine the extent to
which the responsibilities identified above are reflected in those codes. What we found is that it
is common, particularly in preambular language, for one of the above responsibilities to be
reflected: when deciding on what work/research to pursue, take into account whether its
potential effects would benefit or harm society. Given its common placement in the preamble
to a code, this language is primarily, if not exclusively, aspirational and not framed as a
responsibility. The other three responsibilities that commonly appear in codes of ethics are
closely associated with traditional research ethics: take steps to prevent or minimize the risks to
society associated with the conduct of your work/research; notify appropriate authorities of
suspected or observed research/professional misconduct; and mitigate personal biases in your
research and when offering expert advice. Indeed, each of these is largely reflected in the
responsibilities set out in the Singapore Statement on Research Integrity (WCRI, 2010) adopted
in 2010.

5

American Anthropological Association, American Chemical Society, American Geophysical Union, American
Political Science Association, American Society for Horticultural Science, American Society of Agronomy, American
Society of Civil Engineers, American Sociological Association, Geological Society of America, Association for
Computing Machinery.
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In addition, there are two responsibilities that were contained in the list presented in the
survey, that did not fall among the top ten, but which 80% or more of respondents said were
“Very Important or “Important” and that are also commonly present in codes of ethics:
communicate to the public the results of your work/research that are important to society; and
pay particular attention to how your work/research may affect vulnerable populations as might
be defined by your discipline. As interviewees and focus group participants discussed and as
reflected in the open-ended responses to the survey there is growing awareness within the
scientific and engineering communities about the importance of communication with the public
and policy makers. The same is reflected in the extant literature, particularly in the field of
climate science, that recognizes the importance of scientists communicating their expertise to
the public, while acknowledging the risks and challenges in doing so (Heidenriech, 2018; Getson
et al., 2021).
The close alignment between some of the behaviors suggested in the study as being of
particular importance and existing codes of ethics reflects the pattern of findings suggesting
that responsibilities concerned with research and the research enterprise are the most
important. This pattern is reinforced by the open-ended responses to the survey which
emphasize behaviors associated with research and, to a lesser but still important extent, ethics.
Similarly, among interviewees and focus group participants, the conduct of research was a topic
of focus.
Yet, as suggested by Bird (2014) and argued by several interviewees and focus group
participants, while doing good science may be the most important and fundamental
responsibility of scientists, doing good science goes beyond notions of scientific integrity to
encompass science that benefits society. Here the social responsibilities not routinely
incorporated into codes of ethics but recognized among study participants as being very
important are informative: foster the interests of young generations in science and engineers;
promote public access to scientific and technical information; when it comes to your attention,
address the improper use of your research findings or products by others; when communicating
research findings, acknowledge other relevant research interpretations, whether or not
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consistent with your own, advocate for publicly funded science and engineering that improves
the quality of life for some or all members of society; and communicate your work in a way that
make it understandable to the public.

How do views regarding these responsibilities differ according to demographic
variables?
The study findings matched those of the questionnaire fielded by AAAS as a precursor to the
global survey. The pattern of responses from life scientists suggest that they tend more often to
consider a behavior to be a social responsibility and to act accordingly, except when it came to
responsibilities associated with ‘risk’ for which social and behavioral scientists ranked higher. At
the other end of the spectrum, the pattern of findings among engineers suggest they less often
consider an action to be a social responsibility. In addition, the pattern of results among
mathematicians and statisticians suggest they were most likely to find a behavior ‘not
applicable’ to their work. These finding may reflect the modern history of science ethics, born
of the Nuremberg Code and that moment of reckoning, particularly among life scientists and
medical professionals. Indeed, it was the principles of the Nuremberg Code that, over time,
became the basis for aspirational standards, government policies, professional requirements
and accreditation standards, particularly, in the life sciences. The codification of ethical and
professional responsibilities for engineers is a more recent phenomenon (NAE 2004, ABET
2018). Indeed, there is a concerted effort in some quarters to grapple robustly with the relative
strengths of existing engineering ethics offerings (Polmear et al 2020) and to determine how to
most effectively deliver transformational experiences that bring about behavior change among
engineering students and graduates (see Bielefeldt and Canney 2016; Bielefeldt, Rulifson and
Canney 2019).
That the pattern of responses from the non-profit sector suggest they more often consider an
action to be a social responsibility is consistent with the social mission of most non-profit
organizations and the emphasis among interviewees on the importance of fiscal responsibility,
specifically when using public funds. That the pattern of findings for women suggests they more
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often consider an action to be a social responsibility is consistent with findings in the ethics
literature that females report more ethical responses than males O’Fallon and Butterfield
2005). The same is being reported in the corporate social responsibility literature that has
identified gender inclusive leadership as being positively correlated with greater corporate
social responsibility (Ziang et. Al 2018). A persistent question that remains an area of some
contention is the extent to which this finding is truly reflective of the views of women, or the
product of a particular influencing factor such as social desirability response bias that may
impact women more than men (Dalton and Ortegren 2011).
Finally, a trend suggested in the study is that younger scientists more often consider an action
to be a social responsibility, except in the area of ‘research’. This is consistent with the trend
identified among interviewees that there is increased interest among students and junior
faculty to engage in discussions about social responsibility, and seek to pursue activities
consistent with such responsibilities. There may, in turn, be multiple reasons for that, including
greater exposure to ethical instruction and discussion about the social dimension of science,
the increased engagement of scientists and engineers in social discourse related to science
(e.g., regarding climate change, and more recently as part of the COVID-19 pandemic). At the
same time professional scientific and engineers societies are more directly and more publicly
addressing social issues relevant to the scientific enterprise (see Introduction, above).
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Mentors, as well as colleagues and peers, were identified by study participants as having
particular influence on the views of scientists and engineers as to their social responsibilities.
This is highly encouraging, as it suggests that the ideas proffered by interviewees and focus
group participants for how best to support scientists and engineers in fulfilling their social
responsibilities were well placed. It also suggests the need for focused discussion about how
best to foster and motivate mentors to address social responsibilities as a function of their role.
With the focus being paid recently to the role of mentors within the scientific and engineering
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community (NASEM 2019) now is an important moment to ensure that efforts to create
beneficial mentoring relationships take account of the influence mentors have on the
perspectives of scientists and engineers with regard to their social responsibilities.
The interviews and focus group also identified trust as an important motivator of views, and
potentially actions, of scientists and engineers as to their social responsibilities. Socially
responsible science was seen as fundamental in securing and maintaining public trust, with
implications for science funding as well as the public’s willingness to behave consistently with
the best available science.
In contrast, codes of ethics or similar rule-based documents, policies, programs, and practices
of professional societies, as well as secular ethical frameworks, lacked impact in shaping a sense
of social responsibility. This finding is consistent with the literature that suggests that regardless
of sector or organizational function, codes of ethics in themselves have no or limited discernible
impact on employee behavior (Jurkiewicz, 2020; McNamara et al. 2018; Brief et al 1996; Cleek
and Leonard 1998).
What the survey leaves unclear is why workplace climate appears to be associated with higher
importance scores for the social responsibilities items, whether that climate is positive or
negative, supportive or pressured. This is an area worthy of further exploration.

To what extent do responsibilities and behaviors align?
In large measure behavior does not reach aspiration. This finding emerged from both the
survey and the interviews and focus group and is consistent with the existing literature
(Jurkiewicz and Giacalone, 2016). The most stark example of this concerns the responsibility to
‘notify appropriate authorities of suspected or observed research/professional misconduct’
which 53.8% of respondents considered ‘very important,’ yet

.

said they never behaved

accordingly. Only in the case of ‘take steps to prevent or minimize the risks to society
associated with the conduct of your work/research’ did over half of respondents say they
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always act accordingly. This aligns with the finding that, according to the factor analysis, the risk
category had the highest mean of action.

The interviews and focus group suggested reasons for the lack of alignment in behavior and
views, including a lack of self-reflection, clarity and ongoing engagement as to expectations, the
lack of necessary institutional support structures, and, in some instances, a lack of disciplinary
awareness as to broader social concerns. Another reason emerged which related to the risks
associated with scientists and engineers assuming responsibilities of a social nature, including a
concern to ensure that basic research not be devalued or ignored, that scientists and engineers
lack specific training in how to fulfill social responsibilities (e.g., science communication), and
engagement in social matters could politicize scientists and undermine any understanding of
them as ‘neutral’ actors.

What next?
This study suggests that there may be some agreement about specific social responsibilities of
scientists and engineers, but that actions do not align with those responsibilities and that views
may differ based on key demographic characteristics. The study also raises further questions
worthy of follow-up research. Suggestions for follow-up work include the following:
For scientific/engineering institutions and organizations:
to identify mentors, colleagues and peers to engage in dialogue and training aimed at
motivating the participants to consider how the social responsibilities of scientists and
engineers relate to their own work, and how they can, in turn, engage and support their
mentees and colleagues; and
to engage scientists and engineers in a process to articulate the values of social
responsibility to which they commit, structures to support coherence with those values, and
a process of evaluation of action and conduct.
For educators/trainers:
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to design and deliver age-appropriate instructional materials that engage students in
discussion about the role and function of science, technology, scientists and engineers in
society; and
to create a forum for instructors in the responsible conduct of research to explore how the
social responsibilities of scientists and engineers relate to the content they already teach,
how that content might be valuably supplemented, and the effective pedagogical
approaches to support doing so.
For scientific and engineering societies:
to explore how they might thoughtfully design an ethics code review, with an emphasis on
the benefits to be derived from the process as much as, if not more than, from the final
product, ensuring that process is inclusive of all relevant stakeholders, fosters discussion
and debate about the social responsibilities of the discipline, and continues as a living
document; and
to determine the extent to which there is sufficient agreement within a discipline about the
social responsibilities of its members for tools to be developed to support behavior
consistent with such responsibilities, for example, a checklist of measurable factors that
need to be met, an external and confidential consulting resource, or a post-hoc
accountability assessment, as appropriate.

Limitations and Future Research
There were several limitations in the design of this study. Given the inability of AAAS to directly
monitor who within the survey sample had responded to the survey and who had not, survey
design and distribution could be altered in future studies to increase the response rate. Options
for achieving that end include narrowing the scope geographically, institutionally or by
discipline which would allow for one entity to both manage and control survey distribution and
follow-up, although limiting the overall scope of the inquiry. An alternative might be to institute
two separate iterations of the survey with the first being quantitative and relatively short,
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thereby encouraging a higher response rate, and the second an opt-in for respondents to
provide more open-ended, unstructured feedback on concerns for social responsibility. In
addition, a future global survey could valuably be translated into languages beyond those of the
United Nations to attract greater global participation. Similarly, partnerships with national
institutions across regions may also increase global participation. In each case, direct survey
distribution from an objective source with the ability to maintain confidentiality while also
issuing follow-up reminders may be useful in increasing the response rate. Another limitation is
the dependence on communication by email. This limitation is the result of limited financial
resources. Having multiple modes of contact would increase the likelihood of an increased
response.
The U.S.-focused qualitative study was limited by design, and could be expanded upon to
engage, for example, science instructors at the high school and middle school levels. To do so
would create the opportunity to understand the opportunities that exist for influencing
scientists and engineers early in their education, before and separately from their formal
professional training.
Further research exploring the views of scientists and engineers and factors influencing their
perspectives and behavior could be done at a scale similarly ambitious as that of this study, or
to effect change within an institution or organization, it could take place at a more micro level.
In either case, there were demographic characteristics not addressed in this study, including
with regard to socio-economic status, race, position in an organizational hierarchy, leader
characteristics and more, that could be studied. To the extent that an organization might aim to
understand and impact its own culture, such variables, together with personality and
psychographic variables could be explored.
This study also led to findings worthy of further exploration, including:
whether and, if so, why women consider more behaviors to constitute social responsibilities
of scientists and engineers than do men;
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the pattern of both positive and negative work environments being associated with higher
importance scores on social responsibilities; and
what factors must be present, and how can these be introduced, that lead to closer
alignment between aspiration and behavior.
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5. Conclusion
We investigated the question: What do scientists and engineers consider to be their social
responsibilities? Despite a low response rate that meant the findings could not be generalized,
through the analysis of the 4,789 useable, in-scope responses received to the survey and
following a series of interviews and a focus group, we did identify a list of eleven social
responsibilities of scientists and engineers that study participants viewed as very important.
Future research is required to identify the demographic variables and climate characteristics
that are associated with different perspectives or behaviors. At the same time, the social
responsibilities identified combined with the identification of certain factors, including mentors,
colleagues and peers, suggests activities that could begin to foster greater discussion among
and more coherent action by scientists and engineers that further their social responsibilities.
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Appendix 2. Survey Instrument
Social Responsibility Survey
Please click one of the two options below:
Yes, I will participate.
No, I will not participate.
Section I
* = Required
I.1. With which one of the following fields are you most closely aligned?*
a. Computer and information sciences
b. Engineering
c. Earth, atmospheric, and ocean sciences
d. Life sciences
e. Mathematics and statistics
f. Physical sciences
g. Social and behavioral sciences
h. I am not a scientist or engineer
Page 1 of 6
I.2. In what region did you receive your highest degree?*
a. Africa (excluding North Africa)
b. Asia
c. Europe
d. Latin America and Caribbean
e. Middle East and North Africa
f. North America
g. Oceania (Australia, Melanesia, Micronesia, New Zealand or Polynesia)
I.3. In what region have you spent most of your professional career?*
a. Africa (excluding North Africa)
b. Asia
c. Europe
d. Latin America and Caribbean
e. Middle East and North Africa
f. North America
g. Oceania (Australia, Melanesia, Micronesia, New Zealand or Polynesia)
I.4. In what region are you currently working?*
a. Africa (excluding North Africa)
b. Asia
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c.
d.
e.
f.
g.

Europe
Latin America and Caribbean
Middle East and North Africa
North America
Oceania (Australia, Melanesia, Micronesia, New Zealand or Polynesia)

I.5. What is the primary sector in which you currently work? If retired or currently
unemployed, please answer with regard to your last full-time position.
a. University or college
b. Primary/Secondary school education
c. Government agency
d. Industry/Commercial
e. Non-profit organization
f. Research institution
g. None of the above
I.6. What is the highest science or engineering degree you have completed? If currently
enrolled in a degree program, select the previous highest degree completed.
a. Bachelor’s degree
b. Master’s degree
c. Doctoral degree
d. Other
e. None of the above
I.7. At this time, what is your primary role?
a. Researcher
b. Engineer
c. Educator
d. Administrator/Manager
e. Student
f. Postdoc
g. Technician
h. Independent practice/Self-employed
i. Retired
j. None of the above
I.8. Gender
a. Female
b. Male
c. Not listed: (write-in answer)
I.9. Age
a.
b.
c.
d.

Under 30
30-39
40-49
50-59
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e. 60-69
f. Over 69
I.10. Since gaining your highest degree, how many years of professional experience do you
have?
a. 0
b. 1-5
c. 6-10
d. 11-15
e. 16-20
f. 21-25
g. 26-30
h. 31+
Section II
The following questions each have two sets of answers. The first asks how important each
behavior is in your work as a scientist or engineer. The second asks how often you have taken
each action in your work. Please answer both.
A. How important do you consider this behavior to be in your work as a scientist or engineer?
1. Very important
2. Important
3. Slightly important
4. Not at all important
5. Not applicable
B. During the past three years, how often have you taken this action in your work?
1. Always
2. Often
3. Sometimes
4. Never
5. Not applicable
II.1. When deciding on what work/research to pursue, take into account whether its
potential effects would benefit or harm society
II.2. Give priority to work/research that may have greatest societal benefit
II.3. Take steps to prevent or minimize the risks to society associated with the conduct of
your work/research
II.4. Communicate your work in a way that makes it understandable to the public
II.5. Communicate to the public the results of your work/research that are important to
society
II.6. Communicate to the public risks associated with the conduct of your work/research
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II.7. Pay particular attention to how your work/research may affect vulnerable populations
as might be defined by your discipline (e.g., children, persons with disabilities,
displaced populations)
II.8. When communicating research findings, acknowledge other relevant research
interpretations, whether or not consistent with your own
II.9. When it comes to your attention, addressing the improper use of your research
findings or products by others
II.10. Notify appropriate authorities of suspected or observed research/professional
misconduct
II.11. Broadly communicate negative results
II.12. Participate in government policy deliberations in your area(s) of expertise
II.13. Mitigate personal biases in your research and when offering expert advice
II.14. Advocate for publicly funded science and engineering that improves the quality of life
for some or all members of society
II.15. Promote public access to scientific and technical information
II.16. Engage in public service activities as a scientist or engineer
II.17. Foster the interests of young generations in science and engineering
II.18. Receive training/education on social responsibilities of scientists and engineers
II.19. Mentor people from historically marginalized groups
There may be other behaviors related to social responsibility that you consider important in
your work. Please indicate up to three (3) examples of these behaviors here and respond as
requested above in A and B.
II.20. 1. Other behavior not listed above. How important is it to your work? How often do
you take this action?
II.21. 2. Other behavior not listed above. How important is it to your work? How often do
you take this action?
II.22. 3. Other behavior not listed above. How important is it to your work? How often do
you take this action?
Section III
How influential have each of the following been on your views of the behaviors you have just
considered?
(Very influential / Influential / Slightly influential / Not at all influential / Not applicable)
III.1. Childhood (up to 18 years of age)
a. Family
b. Friends
c. School/Teachers
d. Community activities (e.g., community service, participation in science fairs, internship
with a scientist/engineer)
e. Arts/Film/Literature
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III.2. Professional Education
a. Mentors
b. Formal instruction (classes, lectures, trainings) as a student in an academic institution
c. Other professional education outside your formal education track
d. Policies of the institution(s) where you received your degree(s)
e. Experiences within the institution(s) where you received your degree(s)
f. Research or projects in which you participated as a student or postdoc
g. Other experiences as a student or postdoc
III.3. Workplace and Professional Experience
a. Colleagues/Peers
b. Policies of your employer(s)
c. Experiences while working with your employer(s)
d. Policies, programs, and practices of professional societies
e. Policies or guidelines of funders of your work
f. The role your profession plays in the local community or larger society
g. Professional expectations shared by members of the scientific/engineering community
h. Impact (potential or actual) of your work/research on others or the planet
i. Codes of ethics or similar documents
j. Readings in your field
III.4. Factors External to Your Professional Education, Work and/or Experience
a. Media coverage of your field of work/research
b. Public opinion
c. Policies/laws of the country in which you work
d. Human rights principles/statements
e. Religious or spiritual traditions
f. Secular ethical frameworks
g. Readings outside your field
III.5. There may be other influences you consider important that are not listed above. Please
add up to three (3) other influences here and indicate how influential they have been on your
views.
a. Other influence: (write-in)
b. Other influence: (write-in)
c. Other influence: (write-in)
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Section IV
If you have worked within a science or engineering related field in the last three years or if you
are currently a student, please complete to Section IV. Otherwise, jump to Section V.
Continue to Section IV
Jump to Section V
IV.1.

To what extent do the following statements characterize your workplace environment
of the past three years? If you are currently a student, please answer with regard to
your educational environment. If retired, please answer with regard to your last fulltime position.

(To a great extent / To some extent / Very little / Not at all / Not applicable)
Competitive pressure to produce new findings
High professional standards
Low ethical standards
Heavy workload
Conflict among colleagues
Opportunities for professional advancement
Supportive environment
Satisfactory salary level
Adequate administrative support
Pressure to obtain external funding
Opportunities to interact with the public
Unfair rules or policies
Freedom to pursue interesting lines of work/research
Pressure to behave in ways inconsistent with your professional values
Restrictive policies/laws of the country in which you work
Opportunities to be mentored
Equitable treatment of all people
IV.2.

What percentage of your time spent on professional activities do you allocate to the
following? Responses must add to 100%.
Research
Project development or management
Teaching/Training
Mentoring
Administration/Management
Consulting
Role in a scientific or engineering association (e.g., officer, editor)
Public service (as a scientist or engineer)
Advocacy
Other
Not applicable
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IV.3.

What is the average size of annual budgets you manage per year? Please include the
currency you are using.
[Respondents answer through an open-ended textbox]

IV.4. What is the average number of employees you supervise per year (including staff,
students, or postdocs who report directly and indirectly to you)?
0/1-19/20-49/50-99/100-199/200+
IV.5. What is the total number of reports, articles, chapters, and books you have
published in the past three years?
0/1-3/4-7/8-10/11+/Not applicable
Section V: Further Comments (optional)
Do you have any further comments about the social responsibilities of scientists and engineers,
or comments regarding anything addressed or not addressed in this survey? If so, please type
your answer in the box below [character limit of 500, including spaces].
Thank You!
Thank you for completing this survey and for providing us with your perspectives on the social
responsibilities of scientists and engineers.
If you have any questions about the survey, or the work of AAAS regarding the social
responsibilities of scientists and engineers, please email srhrl@aaas.org.
If you would like to receive a link to the final report of the study when it becomes available,
please click here.
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Appendix 3. Preparation of Survey Instrument
Survey Design
Before invited respondents could access the survey, they had to indicate their consent to
participate in the study. The first statement was, “Please click one of the two options below:”
“Yes, I will participate” or “No, I will not participate.” Those who declined were unable to access
the survey.
Section I: The demographic questions were included based on what was deemed to be
appropriate and necessary to allow useful comparative analyses. The list of fields was created
based on the National Science Foundation (NSF) Federal Support Survey Fields of Science and
Engineering Codes and Definitions. The original NSF list was modified only to the extent that
the separate field of ‘psychology’ was removed and the field of ‘social and behavioral sciences’
was created. As a check on the sampling process, there was an option for respondents to
confirm whether they are a scientist or engineer, or neither. If they choose neither, they were
not be able to continue the survey. In the question concerning gender, the response option of
‘not listed: write-in answer ’ was created to include those who identify as neither male nor
female. Finally, given the possibility that the number of respondents in some countries would
be too few for use in comparative analysis, we decided to focus on region, as reflected in
questions l.8 and l.9. The list of options presented in these questions was drawn from the list of
United Nations regions, with the addition of the Middle East and North Africa, as defined by the
World Bank. This addition was made based on the potential for cultural differences arising from
the unique characteristics of that region to be of relevance to our analysis. Of the demographic
questions, those related to field, sector, gender, age and region were determined integral to
the analysis of results that they are designated as ‘required.’ No other questions in the survey
required a response.
Section II: Two questions concerning potential social responsibilities were intended to capture
both how important the respondents considered certain behaviors of scientists and engineers
and how often they engaged in them. These two questions were posed in reference to a list of
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specific behaviors, including the option for three write-in responses. In developing the list of
behaviors, the starting point was the list included in the earlier AAAS questionnaire referenced
above. The list was then reviewed and revised by the advisory group to ensure that the list of
potential responsibilities would resonate globally.
Section III: This section focused on the sources or factors influencing the respondents’ views of
their social responsibilities. The questions were intended to capture information about a wide
range of potential influences, including early and later influencing factors and sources internal
and external to their professional experience. The section is divided into five sub-sections:
childhood; professional education; workplace and professional experience; factors external to
one’s professional education, work and/or experience; and a final question allowing
respondents to list up to three additional influences.
Section IV: The final section includes questions regarding the factors that influence the
respondents’ fulfillment of their social responsibilities. Rather than asking respondents directly
what factors influenced their fulfillment of their responsibilities, we decided to ask contextual
questions about their work, work environment, professional activities, and positions held, with
the aim to correlate the answers provided in this section with the answers in Section II
regarding the extent to which a respondent engages in certain activities.
Section V invited respondents to add “any further comments about the social responsibilities of
scientists and engineers, or comments regarding anything addressed or not addressed in this
survey.”

Translation
Once drafted, the survey instrument and all associated instructions were translated from
English into the five additional languages of the United Nations (Arabic, French, Mandarin,
Spanish, and Russian . The translation, back translation and editing were carried out by a
translation company, employing professional translators with a tertiary science degree and/or
at least five years’ scientific/medical translation experience. The translators translated the text
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into their native language. The translation was conducted by one translator. That initial
translation was then reviewed by an expert editor, who then sent any comments or concerns to
the original translator for correction. The translation was then back translated to confirm
accuracy of the revised translation. AAAS reviewed the back-translation to ensure consistency
with the original English version and, in that process, nuances of language and challenges in
translation of certain concepts were identified. In each such instance, the closest approximation
to a term or concept replaced the original.

Pre-test
Once the survey instrument was translated, AAAS created the digital version of the instrument
using the online survey platform SurveyGizmo, now rebranded as Alchemer. SurveyGizmo was
chosen primarily for its adaptability and customizability. It is a privately held U.S.-based survey
software platform. The platform provides options to ensure quality is not diminished across
platforms, such as mobile phones or tablets. The language functionality within SurveyGizmo
allows for multiple translation options within one survey. Furthermore, it afforded staff the
choice not to collect IP addresses, increasing the security of respondent information.
AAAS worked with a member of the advisory group, who is an expert in cognitive and usability
testing, to design a protocol for testing the survey instrument in each of the six languages and
across four platforms: desktop, laptop, tablet, and mobile phone. The protocol included general
probes asked in each interview, as well as language-specific probes based on questions
concerning specific words, concepts and phrases that had arisen during the translation process.
AAAS reached out to its networks to invite a broad range of participants to take part in the
cognitive testing, including at least two for each language.
In total, 26 cognitive and usability testing interviews were conducted, each respondent giving
their express written consent to participate in the process. The interviews were conducted inperson by a combination of AAAS staff and interns. Most interviews took place at AAAS
headquarters; however, if a respondent was not able to travel to AAAS, interviewers would
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travel to a location convenient for the respondent, such as a local library or the respondent's
place of work. Only the interviews involving Spanish-speaking respondents were conducted by
interviewers native in that language, who followed the cognitive testing protocol. Interviewers
entered the respondent’s answers, as well as any general observations, into the appropriate
boxes.
The interviews resulted in completed surveys, audio recordings of the interview, and notes
taken by the interviewers. The audio recordings were transcribed. These, together with the
other products of the interviews, were then analyzed by the expert advisory group member,
and a summary of the interview, with recommendations, was provided to AAAS.
The pre-testing generated several significant findings and recommendations, including with
regard to length, formatting, and translation, as well as specific feedback on the wording of
prompts and questions. After reviewing these findings and recommendations, AAAS revised the
survey instrument. These revisions included adding specific instructions for choosing the
language of the survey; removing or editing ambiguous questions, for example a question
about “correcting the scientific literature” that was read consistently in two different ways;
editing language that appeared to contribute to unintentional biasing of responses, such as
changing the reference to the items in Section II from “responsibilities” to “behaviors;” and
decreasing the overall length of the survey by reducing the length of Section IV. The revisions
were then translated, following the process described above.
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Appendix 4. Identification of Participants/Sample Design
Executive officers of each of the partner organizations were invited via email to collaborate
with AAAS in the project. The organizations were asked to respond to a brief questionnaire
indicating ‘yes’, ‘no’ or ‘maybe’ they would collaborate with AAAS; how many members they
have, what percentage of their membership is international; and whether they collect
demographic information about their members. In total, 55 organizations responded to this
questionnaire, 48 indicating they were or may be interested in collaborating with AAAS and
revealing that most collected at least the following demographic information about their
members: discipline, age, gender, and country. Of these 55 organizations, 20 ultimately agreed
to participate in the study. The twenty organizations had a combined membership of over
300,000 and covered a range of disciplines.
Each organization provided a unique identifier for each of its members, to be used to identify
the sample units selected by AAAS. The only other information that was required from the
organization was the country associated with each member. This information was provided for
all but 430 of the members. The membership was then categorized into seven Regions based
on the methodology described in Appendix 3. Table 36 shows the distribution of the sample
frame by these geographic regions.
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Table 36: Sample Frame by Geographic Region
Geographic Region
Africa (excluding North Africa)
Asia
Europe
Latin America and Caribbean
Middle East and North Africa
North America
Oceania (Australia, Melanesia,
Micronesia, New Zealand or Polynesia)
Unknown
Total

Frequency
3,507
20,390
24,933
4,599
2,297
267,292
5,123
430
328,571

The goal was to achieve at least 4,000 completed surveys. Assuming that the response rate
could be as low as 20%, a sample of 20,123 members was selected from the combined
membership of 328,577 provided by 20 scientific organizations. Geography was the primary
variable of interest and it was the only information available for almost the entire sample
frame. The twenty organizations represent design strata where we had the ability to set
different sampling rates. Using the counts shown in Table 36, if a self-weighting sample were
used (i.e., an equal probability sample where all units have the same probability of selection)
approximately 80% of the sample would be individuals in North America and we might have
responses from only a handful of individuals (e.g., 30) from the Middle East and North Africa
(MENA).
A constraint on the sample design was that we could not set different sampling rates for
different sub-strata within an organization (except for AAAS). In the ideal situation, we would
be able to stratify the sample by geography within each organization and sample at different
rates within that organization. Specifically, we would have sampled individuals in North
America at the smallest rate. We could not do this because each organization controlled their
own sample, and AAAS could not identify a survey response except by the organization from
which it was selected (i.e., by the unique survey web link created for that organization). That is,

137

AAAS

we could not identify the sampling sub-stratum to which the respondents belonged. Therefore,
we could only assign a sampling weight to an individual based on the organization from which it
was sampled. The exception was AAAS for which we created multiple unique survey web links
to identify separate sampling strata.
The sampling rate needed to produce a sample of 20,000 is approximately 0.06. The sample
sizes for the strata defined by organization were determined based on the following general
goals and strategies:
Increase the expected sample numbers in Regions other than North America;
Stratify AAAS into four separate, identifiable strata, defined by geography, and put the four
under-represented Regions (Africa, MENA, Latin America, and Oceania) in one stratum,
with sampling rate 0.5;
When possible, set high sampling rates for organizations with large number of members
associated with Africa or MENA or Oceania;
A minimum sampling rate of 0.04 was set at the organizational level;
The largest sampling rate used was 0.50; and
A minimum sample size of n=200 was set for organizations with 1000 or more members,
While we could not sample with differing sample rates, we could select a stratified sample
within the organization to ensure that the sample represented the distribution of the frame by
an important characteristic. For example, the first sample stratum for AAAS contained
members in the four Geographic Regions where we wish to increase the sample, as shown in
the Table 37.
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Table 37: AAAS Group #1 (p=0.5, n=1,272)
Sub-Stratum
1
2
3
4

Region
Africa (excluding North Africa)
Middle East and North Africa
Latin America and Caribbean
Oceania (Australia, Melanesia,
Micronesia, New Zealand or
Polynesia)
Total

N
283
337
911

n
142
169
455

1,012

506

2,543

1,272

If we selected a simple random sample without replacement (srswor) of n= 1,272 from the
2,543 members, we could expect that we would get approximately 141 from Africa,
approximately 168 from MENA etc. But, while unlikely, it would have been possible to select
only 60 from Africa. In order to ensure that we selected a sample with the desired distribution
across geography, the stratum AAAS(1) was further stratified by Region and a stratified sample
was selected as shown. A srswor of size nh=142 was selected from the 283 AAAS members in
Africa, etc. In this way, the sampling probability was approximately 0.5 for all elements but we
ensured that the sample had a representative distribution across Regions. The American Society
for Microbiology and the World Academy of Sciences were similarly sampled using a strata
defined by Geographic Region.
The utility of using stratified sampling within an organization depended on several factors such
as the desired sample size, the information available for the membership, and the diversity of
the membership. For example, there was no utility in stratifying by geography if 90% of the
membership was North American. When considering what other attribute might be important
to control, the Advisory Committee suggested that the attribute of most interest was age.
There were seven organizations for which there was sufficient information and diversity to
further stratify by age.6

6

The American Geophysical Union, American Political Science Association, American Society for Engineering
Education, American Statistical Association, Entomological Society of America, Geological Society of America and
Sigma Xi, The Scientific Research Honor Society.
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The samples were provided to the organizations in April 2019. In May, we became concerned
that the response rate was much lower than we had anticipated. The data pulls showed the
information completed up to that point as well as partial responses. Some organizations sent
reminders and we would see additional responses. Ideally, we would have selected a random
sample from the nonrespondents to follow-up with all available resources to evaluate the
properties of respondents versus nonrespondents. Unfortunately, we had no way to identify
the nonrespondents as noted above.
By mid-June the survey had been deployed for at least three weeks for all but four
organizations. Two of these organizations left the project, and, as far as we know, never sent
any requests to take the survey. These two were very small organizations with combined
membership of less than 1000. Therefore, their loss did not significantly affect the sample,
reducing the initial sample size from 20,123 to 19,879. Table 1 lists the organizations that
comprised the final sample frame.
The June 21 respondent data contained only 640 responses that indicated their status was
‘complete’ and that they agreed to participate.7 For the 16 organizations that had been in the
field for at least three weeks, the completion rates were very low, ranging from 1.5% to 12.7%
across the organizational strata. The median rate was 4.5%. Based on the June 21 data, an
additional sample was selected for each organization. The additional sample size was calculated
for each stratum so as to achieve the original expected number of responses for each
organization, assuming the observed response rate. The total sample size rose from 19,879 to
134,338.

7

There were also 12 refusals to participate.
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Appendix 5. Data Collection Methods
We used SurveyGizmo (now Alchemer) to distribute the survey. Following initial deployment of
the survey “Value Mismatch” errors in Section II were detected, caused by SurveyGizmo’s
internal code swapping reported values for irrelevant values not offered to respondents. The
error only affected a small group of responses and was remedied by manually correcting inputs
after verifying the response in the SurveyGizmo individual data reporting feature. Further,
exporting the dataset from SurveyGizmo as either an .xlsx or .csv file did not correctly report
non-English open-end responses: non-English-language characters, particularly vowels, were
replaced with symbols and glyphs. This, too, was remedied by manually replacing inputs with
the exact text provided by the respondents still stored in SurveyGizmo’s platform.

Survey Format Changes
Sections II and III: After experiencing a lower than anticipated response rate following the
initial deployment of the campaign source AAAS Group 1 (May 2019) and following consultation
with members of the project’s advisory committee, project staff made the decision to alter
portions of the survey’s format in an attempt to boost the rate of responses after the first
reminder email. Changes included reducing the number of questions that appeared on a given
page especially in sections II and III and separating multi-faceted questions (such as in
Section II). These actions increased the survey page length, required some additional
translations of instructions, and altered the CSV data exports going forward by dividing old (prechange) response columns from new (post-change) responses. In this process no data was lost
and a representative from SuveyGizmo’s Support Team confirmed which new response
columns corresponded with original response columns.
Question III.5: After receiving more than 700 responses to the survey by July 2019, it became
apparent that the format style for question III.5 was not adequate for properly analyzing the
incoming data. Question III.5 is an open-ended question that allows for up to three user inputs
and then asks respondents to complete a Likert Scale in reference to each of their offered
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inputs. The SurveyGizmo question format ‘Radio Buttons’ was initially determined to be a
reasonable and simple choice based on the elements needed on the front-end of the survey.
This, however, proved to create an issue when exporting the datasets: a new column was
automatically generated for each input provided by respondents. It became clear after
receiving responses to this question that the current format would not be ideal for statistical
analysis and could cause potentially, confusion during the analysis portion of this project.
Project staff, following consultation with the project’s lead statistician and a representative
from SurveyGizmo’s Support Team, determined that the question’s format needed to change
for a more efficient, cleaner data collection process. The most important elements to note are
that the appearance of the question did not change and that no data was lost or deleted during
the process. The reformatted question was created in SurveyGizmo using the more complex
‘Custom Table’ format option. This format was used for questions II.

-II.22, which also allowed

for user input and Likert Scale ratings; the format’s output is a total of six columns: one for each
user input and one for each corresponding rating on the Likert Scale.
The obsolete format was disabled not deleted from the front-end of the survey (meaning it
neither continued to appear in the survey nor collected new data) and the new format went
live to collect the new responses. The project staff worked with a computer scientist to create
an automated function to clean and rearrange the collected data into the desired six-column
output that could be analyzed with the new incoming data.
Another challenge project staff faced through SurveyGizmo was exporting non-English openended responses. Exports from SurveyGizmo (either as .xlsx for .csv files) did not properly
represent the responses saved in the online platform; some characters were replaced with
erroneous characters or glyphs. This was especially true for responses given in Arabic, Chinese
and Russian. The problem was resolved by having project staff review the data files and
updating the corrupted value with the correct input still saved in SurveyGizmo’s system.
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Appendix 6. Data Cleaning
After the survey closed, the dataset was exported from SurveyGizmo as a .csv file. The first step
in data cleaning was to remove test responses. These responses were collected prior to the
survey’s official deployment while preparing the instrument and used a specific link that
designated the response as a “test.” A total of

test responses were removed.

The second step in cleaning was to remove disqualified responses, or partial responses from
Wave deployment. The initial survey invitation stated that only “completed” responses would
be used for the final analysis. Because of this language in the Wave 1 survey invitation, 258
partial responses were not included in the analysis. The subsequent invitation language was
altered to allow the inclusion of partially completed responses in future data collection efforts.
Additionally, 124 responses were removed due to respondents’ withholding their consent to
participate. If a respondent did not consent, they could not participate in the survey. While
SurveyGizmo lists these instances as partially complete, no data were recorded for the
generated Respondent ID.
Due to the survey instrument formatting change that occurred early into the Wave 1
deployment, some column consolidation was necessary to match responses from the original
format to those of the new format. Originally, open-ended responses for Section II.A and II.B
generated new columns for every input. This was corrected to a six-column format in the
dataset: three columns for user input and three columns for qualifying their response.
Additionally, responses to Section III.2 and III.3 were originally reported across three columns
each; this was consolidated into a single column per question.
The final steps in data cleaning entailed the integration of the translated open-ended responses
into the data file and the standardization of currencies for question IV.3 to the United States
dollar (adjusted to August 19, 2019). Currencies were converted to USD as of the date, August
19, 2019, which was the same date as the Wave 2 deployment. The last action taken in data
cleaning was to review the entire dataset to ensure accuracy by spot checking responses in the

143

AAAS

.csv file to the responses stored in the platform. Once data cleaning was complete, the dataset
was shared with the project’s lead statistician and her team.
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Appendix 7. Nonresponse Patterns
Geography
The only demographic information available for almost every member of the frame was the
geographic location of the individual. The respondents are primarily from North America (69%)
with Europe (10%) and Asia (7%) having the next largest response. But this distribution is
predicable from the characteristics of the sample. Individuals from Africa make up 3.5% of the
respondents which is slightly higher than might be expected based on the properties of the
sample. Recall that the sample rates were set to attempt to increase the response from every
region other than North America, and therefore decrease the sample from North America. This
can be seen in Table 38 by comparing the distribution of members in the sample frame by
Region to the expected distribution in the stratified sample, assuming a complete sample. 8
Under the best circumstances there would still be differences due to sampling variability, and
due to errors or differences between the sample frame and the current circumstance. The
estimate of the distribution in the final sample assumed (1) the sample frame information was
reliable;

the random sample would be ‘representative’ and

we would achieve nearly

complete response for the sample. In this case, assumption (3) was not valid. The last column in
Table 38 shows the distribution by geography of the respondents to the survey and there are
some noticeable differences compared to the expectations.
However, response rates varied significantly by organization, and geographic representation
varied by organization. The three scientific organizations with the very highest response rates
were:

8

Because we knew the sample size for each stratum and we had very good information on the geographic
distribution of the members in each stratum, we could estimate the number in the sample from each Region. For
example, if a random sample of 100 was selected from a stratum where 25% of the membership is in Oceania, we
expected approximately 25 in the sample to be living in Oceania. For the AAAS_Europe stratum, we expected that
approximately 100% of the respondents would be living in Europe.
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The World Academy of Science (11.9%)
Australian Academy of Technology and Engineering (11.4%), and
AAAS_1 Africa, MENA, Latin America, and Oceania9 (6.5%)
On the other hand, AAAS_Asia had only a 1.8% response rate and AAAS_Europe had a response
rate of 3%.
The third column in Table 38 shows the expected distribution if the response within a scientific
organization was independent of geographic region. Under this assumption, the distribution of
respondents is closer to the expected distribution if the response was a simple random sample
within each scientific organization.

Table 38: Comparison of Respondents to the Frame by Geography

Region

Africa (excluding North Africa)
Asia
Europe
Latin America and Caribbean
Middle East and North Africa
North America
Oceania (Australia, Melanesia,
Micronesia, New Zealand or
Polynesia)
Unknown

9

Sample
Frame

Predicted
for
Complete
Sample

Predicted if
nonresponse
random within Respondents
organization
(srs)
2.4%
3.4%
9.0%
7.4%
11.1%
10.4%
3.4%
3.9%
1.6%
1.3%
67.8%
68.9%

1.0%
6.2%
7.6%
1.4%
0.7%
81.5%

2.2%
10.6%
12.4%
2.2%
1.2%
68.8%

1.4%

2.5%

4.7.%

0.1%

0.2%

0.1%

Calculated assuming 51 late responses were not generated by the selected sample.
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The respondents provide a reasonably diverse distribution over region, given the sample frame
and the process restrictions.

Age
After geography, the demographic characteristic of most interest was age. The distribution of
respondents is very skewed towards older individuals.: 63% were 50 years of age or older (See
Table 5).
We had information on age for only 52% of the sample frame, but it was noticeable that for the
sample frame with age information, 55% of the individuals were over 50 years of age.
Therefore, this large percentage of older scientists in the respondents is in part a result of the
properties of the sample frame, but it was also exaggerated by a feature seen in other surveys
where older individuals are more likely to respond to email invitations than younger
individuals.10
Both of these effects are demonstrated by looking at the nine organizations where the sample
frame contained information on age for the majority of the membership, summarized in Table
39.
For two of the organizations, ATSE and TWAS, the membership appeared to generally consist of
older individuals, so there was no attempt to control the sample by age. The sample results
reflect this older population. Note that these two organizations with older members had the
highest response rates, by far, over all organizations.
For seven of the organizations there was a more representative distribution by age in the
sample frame, and the sample selection was controlled by age, at least to the level of the

10

For example, in two surveys of blood donors, blood collection organizations sent email requests to a random
sample of blood donors to ask them to respond to a very short web survey. The sample frame had complete data
on age and gender, and these characteristics were known for the sampled donors. For each survey, there was a
strictly increasing response rate from the youngest category of donors (18-20 years of age with approximately 2%
response rate to the oldest donors
with approximately
response rate. “Rapid Response Survey of Blood
Donors in Support of Public Health,”
Proceedings of the Joint Statistical Meetings. Similar results were found
in a third survey, in a paper accepted in 2020 for publication in the journal Transfusion.
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median.11 For four out of seven organizations (APSA, ASEE, ASA, Ento), the respondents were
representative of the sample frame by age, in terms of the median value. The respondents for
AGU appear to be somewhat older than the sample frame overall. However, for GSA and Sigma
Xi, the respondents were greatly skewed to older members, compared to the information on
the frame.

Table 39: Organizations with Age Information on the Sample Frame
Sample Frame
Respondents
Organizations % with Age Median Age Median Age
Sample Selection Controlled by Age
AGU
94.7%
42
50-59
APSA
76.3%
42
40-49
ASEE
78.7%
52
50-59
ASA
86.5%
52
50-59
Ento
90.3%
43
40-49
GSA
96.0%
44
60-69
Sigma Xi
100.0%
47
60-69
Sample Selection Not Controlled by Age
ATSE
90.5%
72
over 69
TWAS
99.3%
68
60-69
Sigma Xi had the most complete and accurate age information, and therefore we made a direct
comparison of the respondents 12 to the sample, by age. The results are shown below in Table
40.

11

That is, the sample was selected so that approximately half of the sample had age less than or equal to the
frame median. In some cases, the sample also approximately reflected the quartiles as well.
12 There were no out-of-scope respondents for Sigma Xi so the age information is available for all respondents.
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Table 40: Sigma Xi, Response Rates by Age
Age Range
Under 30
30-39
40-49
50-59
60-69
Over 69
Missing
Total

Sample
855
391
433
447
509
498
3,133

Respondents
7
4
5
17
37
45
1
116

Response Rate
0.8%
1.0%
1.2%
3.8%
7.3%
9.0%
3.7%

In this case, the sample contained a relatively large number of younger members, but younger
members were much less likely to respond compared to older members. There was a response
bias by age. As noted in an earlier section, the distribution of respondents by other
demographic characteristics appeared to be consistent with what is known about the sample
frame.
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Appendix 8. List of Partner Organizations
American Anthropological Association
American Association for the Advancement of Science
American Association of Geographers
American Geophysical Union
American Mathematical Society
American Political Science Association
American Statistical Association
American Society for Engineering Education
American Society for Microbiology
American Society of Plant Biology
Australian Academy of Technology and Engineering
Ecological Society of America
Entomological Society of America
Geological Society of America
Linguistic Society of America
Sigma Xi, The Scientific Research Honor Society
Society for the Study of Social Problems
The World Academy of Science
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Appendix 9. Rotated Component Matrices of Factor Analyses of Social Responsibilities
Importance and Action

1 Public
12. Participate in government policy deliberations in
your area(s) of expertise
14. Advocate for publicly funded science and
engineering that improves the quality of life for some
or all members of society
15. Promote public access to scientific and technical
information
16. Engage in public service activities as a scientist or
engineer
17. Foster the interests of young generations in
science and engineering
18. Receive training/education on social
responsibilities of scientists and engineers
19. Mentor people from historically marginalized
groups
2 Risk
1. When deciding on what work/research to pursue,
take into account whether its potential effects would
benefit or harm society

1
0.388

Importance
2
3
0.193 0.208

4
0.328

1
0.460

2
0.127

3
0.293

4
0.364

0.635

0.219

0.239

0.117

0.518

0.227

0.305

0.365

0.557

0.326

0.233

0.469

0.077

0.324

0.481

0.706

0.034
0.169

0.082

0.245

0.674

0.115

0.092

0.397

0.718

0.025

0.089

0.096

0.713

0.125

0.149

0.176

0.640

0.376

0.107

0.152

0.696

0.236

0.151

0.089

0.654

0.315

0.205

0.014

0.730

0.195

0.206

0.021

0.165

0.801

0.098

0.161

0.178

0.837

0.180

0.175
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2. Give priority to work/research that may have
greatest societal benefit

0.221

0.724

0.015

0.244

0.258

0.760

0.112

0.256

3. Take steps to prevent or minimize the risks to
society associated with the conduct of your
work/research

0.091

0.732

0.270

0.091

0.114

0.775

0.329

0.118

7. Pay particular attention to how your
work/research may affect vulnerable populations as
might be defined by your discipline (e.g., children,
persons with disabilities, displaced populations)

0.282

0.653

0.260

0.158

0.301

0.643

0.359

0.169

0.115

0.137

0.648

0.085

0.043

0.216

0.680

0.145

9. When it comes to your attention, address the
improper use of your research findings or products
by others

0.103

0.229

0.665

0.149

0.185

0.268

0.707

0.214

10. Notify appropriate authorities of suspected or
observed research/professional misconduct

0.149

0.136

0.663

0.067

0.383

0.164

0.637

0.126

11. Broadly communicate negative results

0.152

0.066

0.614

0.187

0.248

0.101

0.718

0.214

13. Mitigate personal biases in your research and
when offering expert advice

0.178

0.038

0.624

0.027

0.157

0.174

0.637

0.100

0.211

0.113

0.094

0.829

0.175

0.164

0.160

0.836

3 Research
8. When communicating research findings,
acknowledge other relevant research interpretations,
whether or not consistent with your own

4 Communication
4. Communicate your work in a way that makes it
understandable to the public
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5. Communicate to the public the results of your
work/research that are important to society

0.244

0.232

0.146

0.799

0.221

0.269

0.200

0.819

6. Communicate to the public risks associated with
the conduct of your work/research

0.121

0.353

0.305

0.599

0.208

0.396

0.407

0.586
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Appendix 10. Rotated Component Matrices of Factor Analyses of
Social Responsibilities of Climate of Work Environment

1 Positive

1

2. High professional standards
6. Opportunities for professional advancement
7. Supportive environment
8. Satisfactory salary level
9. Adequate administrative support

2

3

4

0.435
0.557
0.659
0.777
0.774

-0.319
0.005
-0.272
-0.023
-0.095

0.218
0.412
0.382
-0.137
0.122

0.150
0.188
-0.062
-0.018
-0.068

-0.181
-0.140
-0.205
-0.032

0.704
0.580
0.722
0.776

-0.154
-0.130
-0.031
-0.089

0.073
0.338
0.171
0.085

0.077

0.674

0.218

-0.018

-0.014
0.158

0.089
-0.246

0.760
0.458

0.014
0.149

0.431
0.458

0.035
-0.254

0.524
0.451

0.017
-0.080

0.146
-0.102
0.006

0.085
0.157
0.062

-0.061
0.046
0.155

0.784
0.601
0.745

2 Negative
3. Low ethical standards
5. Conflict among colleagues
12. Unfair rules or policies
14. Pressure to behave in ways inconsistent with
your professional values
15. Restrictive policies/laws of the country in
which you work
3 Supportive
11. Opportunities to interact with the public
13. Freedom to pursue interesting lines of
work/research
16. Opportunities to be mentored
17. Equitable treatment of all people
4 Pressured
1. Competitive pressure to produce new findings
4. Heavy workload
10. Pressure to obtain external funding
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Appendix 11. Supporting Data for Tables 16 through 19
Table 16.1: Number of Valid Responses, "Not Applicable" Responses and Missing Responses
to Items in the Public Category of Social Responsibilities

Public Category

17. Foster the interests of
young generations in
science and engineering

#
Valid

Importance

Action

#
"Not
Applicable"

#
"Not
Applicable"

#
Missing

#
Valid

#
Missing

4,739

31

19

4,325

178

286

4,695

75

19

4,111

422

256

4,562

207

20

3,918

622

249

4,560

205

24

3,984

512

293

12. Participate in
government policy
deliberations in your
area(s) of expertise

4,402

366

21

3,724

852

213

16. Engage in public
service activities as a
scientist or engineer

4,649

122

18

4,176

337

276

15. Promote public access
to scientific and technical
information
14. Advocate for publicly
funded science and
engineering that
improves the quality of
life for some or all
members of society
19. Mentor people from
historically marginalized
groups
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18. Receive
training/education on
social responsibilities of
scientists and engineers

4,578

190

156

21

4,008

495

286
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Table 17.1: Number of Valid Responses, "Not Applicable" Responses and Missing Responses
to Items in the Risk Category of Social Responsibilities

Risk Category

3. Take steps to prevent
or minimize the risks to
society associated with
the conduct of your
work/research
1. When deciding on what
work/research to pursue,
take into account
whether its potential
effects would benefit or
harm society
7. Pay particular attention
to how your
work/research may affect
vulnerable populations as
might be defined by your
discipline (e.g., children,
persons with disabilities,
displaced populations)
2. Give priority to
work/research that may
have greatest societal
benefit

#
Valid

Importance
#
"Not
#
ApplicMissing
able"

#
Valid

Action
#
"Not
Applicable"

#
Missing

4,263

507

19

3307

1419

63

4,511

265

13

3857

887

45

3,732

1038

19

3003

1627

159

4,523

253

13

3992

750

47

157
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Table 18.1: Number of Valid Responses, "Not Applicable" Responses and Missing Responses
to Items in the Research Category of Social Responsibilities

Research Category

#
Valid

Importance

Action

#
"Not
Applicable"

#
"Not
Applicable"

#
Missing

#
Valid

#
Missing

13. Mitigate personal
biases in your research
and when offering expert
advice

4580

191

18

3752

778

259

9. When it comes to your
attention, address the
improper use of your
research findings or
products by others

4329

443

17

2907

1710

172

10. Notify appropriate
authorities of suspected
or observed
research/professional
misconduct

4548

229

12

2836

1749

204

8. When communicating
research findings,
acknowledge other
relevant research
interpretations, whether
or not consistent with
your own

4534

237

18

3976

650

163

11. Broadly communicate
negative results

4419

348

22

3359

1226

204
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Table 19.1: Number of Valid Responses, "Not Applicable" Responses and Missing Responses
to Items in the Communicate Category of Social Responsibilities

Communicate Category

4. Communicate your
work in a way that makes
it understandable to the
public
5. Communicate to the
public the results of your
work/research that are
important to society
6. Communicate to the
public risks associated
with the conduct of your
work/research

#
Valid

Importance

Action

#
"Not
Applicable"

#
"Not
Applicable"

#
Missing

#
Valid

#
Missing

4695

76

18

4391

312

86

4585

180

24

4090

610

89

4030

731

28

2992

1704

93

159
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Appendix 12. Supporting Data for Table 27
Table 27.1: Number of Valid Responses, "Not Applicable" Responses
and Missing Responses to Influence Questions

Influence
Category

#
Valid

#
"Not
Applicable"

#
Missing

Childhood:
Family

4,099

156

534

School/Teachers

4,070

168

551

Community activities

3,885

350

554

Friends

4,072

148

569

Arts/Film/Literature

3,938

288

563

3,987

155

647

4,030

216

543

4,026

146

617

3,776

426

587

4,123

117

549

Professional Education:
Mentors
Research or projects in
which you participated as
a student or postdoc
Formal instruction
(classes, lectures,
trainings) as a student in
an academic institution
Other experiences as a
student or postdoc
Experiences within the
institution(s) where you
received your degree(s)
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Other professional
education outside your
formal education track
Policies of the
institution(s) where you
received your degree(s)
Workplace and
Professional Experience:

3,860

370

559

4,100

149

540

Colleagues/Peers

4,135

78

576

Impact (potential or
actual) of your
work/research on others
or the planet

3,938

280

571

Readings in your field

4,056

159

574

4,077

145

567

4,021

203

565

4,015

206

568

4,089

131

569

4,118

115

556

4,081

139

569

3,764

467

558

Experiences while
working with your
employer(s)
The role your profession
plays in the local
community or larger
society
Codes of ethics or similar
documents
Professional expectations
shared by members of the
scientific/engineering
community
Policies, programs, and
practices of professional
societies
Policies of your
employer(s)
Policies or guidelines of
funders of your work
External Factors:
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Human rights
principles/statements
Secular ethical
frameworks
Readings outside your
field
Policies/laws of the
country in which you
work
Religious or spiritual
traditions
Media coverage of your
field of work/research
Public opinion

3,875

334

580

3,892

310

587

4,012

188

589

4,055

151

583

3,732

480

577

4,022

196

571

4,054

159

576
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Appendix 13. Supporting Data for Table 31
Table 31.1: Number of Valid Responses, "Not Applicable" Responses
and Missing Responses to Workplace Climate Questions

Climate
Category

#
Valid

#
"Not
Applicable"

#
Missing

Positive:
High professional
standards

3,153

12

1624

Supportive environment

3,123

32

1634

Satisfactory salary level

3,049

114

1626

3,036

125

1628

3,092

64

1633

Conflict among colleagues

3,097

65

1627

Unfair rules or policies

2,930

215

1644

Pressure to behave in
ways inconsistent with
your professional values

2,986

163

1640

Low ethical standards

2,897

252

1640

Restrictive policies/laws
of the country in which
you work

2,876

268

1645

Opportunities for
professional
advancement
Adequate administrative
support
Negative:

Supportive:
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Freedom to pursue
interesting lines of
work/research
Equitable treatment of all
people
Opportunities to interact
with the public
Opportunities to be
mentored

3,056

92

1641

3,052

84

1653

3,038

122

1629

2,781

366

1642

3,127

38

1624

3,045

115

1629

2,888

271

1630

Pressured:
Heavy workload
Competitive pressure to
produce new findings
Pressure to obtain
external funding
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Appendix 14. Interview and Focus Group Protocols
Semi-Structured Interview Protocol
Good morning/afternoon.
Thank you for agreeing to be interviewed for this AAAS project on the social responsibilities of
scientists.
As you know, this NSF-funded project involved an earlier survey of scientists worldwide. We are
now interviewing leaders [in science omit for VP's of Research], like yourself, to gather more
detailed insights on scientists' social responsibilities. I encourage you to share your individual
perspective, instead of taking your institution's perspective.
Before we go further, I need to ask if you consent to have this interview audio-recorded. The
recordings will be used to capture our discussion accurately. Neither your name, your title, your
institution nor any other identifying details will be published or associated with any quotations
from the interview that we might publish. Such information will be accessible only to AAAS
project staff during analysis of the interview transcripts.
Do I have your consent to audio-record this interview?
Thank you.
I have started the audio-recording, and I need to verify once more that we have your
permission to record this interview.
Thank you.
1. I'd like to start with a bit of background. Could you please briefly identify the positions you
have had in your career or other career experiences that have shaped your view of the
responsibilities of scientists?
We are looking for just a short list of the positions or experiences that most influenced
your perspective.
2. Now, shifting to the focus of this interview, what would you say are the important social
responsibilities of scientists?
For the purposes of this interview, a "social responsibility of scientists" is a responsibility
associated with a scientist's work -- in research, development, communication, instruction, and
so on -- that takes into consideration the social context or public interface of that work.
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We are looking beyond responsibilities that are entirely internal to the scientific work
context like signing departmental forms or meeting deadlines for manuscript reviews.
What responsibilities does a scientist have that relate in some way society or the
public?
Aim fo -5 responsibilities
Could you frame these responsibilities as actions a scientist might take? What actions
might a scientist take in fulfilling these responsibilities?
Go through the list of responsibilities identified.
You mentioned [responsibility]. What would be an example of an action a scientist
might take in fulfilling that responsibility?
3. Which of the social responsibilities that you have mentioned are the most important?
What is it about these responsibilities that makes them so critically important?
Do you think there is broad agreement on the responsibilities that you have named, or
are some controversial or problematic in some way?
In what way?
4. From your perspective, how well do scientists' actual behaviors align with the social
responsibilities you have mentioned?
Which responsibilities do you think scientists routinely fulfill?
Why is that?
Which responsibilities do you think scientists are less attentive to in their work?
Why is that?
5. What do you think are the best ways to support scientists in fulfilling the responsibilities that
you have identified?
What is the role of policy in supporting the social responsibilities of scientists?
What is the role of training or education in supporting the social responsibilities of
scientists?
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What is the role of professional societies and codes of ethics in supporting the social
responsibilities of scientists?
What other strategies do you see as helpful or promising in supporting the social
responsibilities of scientists?
6. Is there anything else you would like to add?
Thank you very much for sharing your perspectives. You have given us excellent insights, and
we appreciate your contribution to this study.
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Semi-Structured Focus Group Protocol

Good morning/afternoon.
Thank you all for agreeing to participate in this focus group for this AAAS project on the social
responsibilities of scientists.
As you know, this NSF-funded project involved an earlier survey of scientists worldwide. We are
now conducting focus groups with RCR leaders, like yourselves, to gather more detailed insights
on scientists' social responsibilities and how young scientists learn about them. I encourage you
each to share your individual perspective, instead of taking your institution's perspective.
I will mention a few points that will help the focus group go smoothly. We are interested in
what you all have to say in response to the questions I will pose. We are also, however,
interested in hearing you talk among yourselves, so please do not hesitate to respond to each
other’s comments. It will be my job to keep things moving along, but feel free to discuss points
amongst yourselves that you find interesting.
Before we go further, I need to ask if you each consent to have this focus group video-recorded.
The recordings will be used to capture our discussion accurately. Neither your names, your
titles, your institutions nor any other identifying details will be published or associated with any
quotations from the focus group that we might publish.
Do I have your consent to video-record this focus group? [Verify consent of each person.]
Thank you.
I have started the video-recording, and I need to verify once more that we have your
permission to record this focus group. [Verify consent of each person.]
Thank you.
1. I'd like to start with a bit of background. Could you each please state briefly what your
primary roles have been with respect to instruction in the responsible conduct of research?
Have you been an RCR instructor?
Do you oversee RCR instruction, say, for a department or for your institution?
2. We would like to hear about what you identify as the important social responsibilities of
scientists. Before discussing with the group, please write down up to three social
responsibilities.
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For the purposes of this focus group, a "social responsibility of scientists" is a responsibility
associated with a scientist's work -- in research, development, communication, instruction, and
so on -- that takes into consideration the social context or public interface of that work.
We are looking beyond responsibilities that are entirely internal to the scientific work
context like signing departmental forms or meeting deadlines for manuscript reviews.
What responsibilities does a scientist have that relate in some way society or the
public?
Aim fo

-12 responsibilities

What kinds of actions are associated with these responsibilities?
Go through the list of responsibilities identified.
For example, one of you mentioned responsibility . What would be an
example of an action a scientist might take in fulfilling that responsibility?
3. Now, which of the social responsibilities that you all have mentioned strike you as the most
important?
4. Based on your experience in RCR instruction, how do students react to discussions about the
social responsibilities of scientists?
Which responsibilities do you think students accept most readily?
Why is that?
Which responsibilities do you think students have the most trouble grappling with?
Why is that?
Are there some responsibilities that are particularly controversial or problematic?
What makes them controversial or problematic?
5. What do you think are the best ways to teach young scientists to fulfill the social
responsibilities that you have identified?
What is the role of training or education in supporting the social responsibilities of
scientists?
What is the role of policy in supporting the social responsibilities of scientists?
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What is the role of professional societies and codes of ethics in supporting the social
responsibilities of scientists?
What other strategies do you see as helpful or promising in supporting the social
responsibilities of scientists?
6. Is there anything else you would like to add?
Thank you very much for sharing your perspectives. You all have given us excellent insights, and
we appreciate your contributions to this study.
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