
Perspective: 2013 Professional Progress Award

The Evolving Engineer

Amalie L. Tuerk and Kelvin H. Lee
Dept. of Chemical and Biomolecular Engineering and Delaware Biotechnology Institute, University of

Delaware, Newark, DE 19711

DOI 10.1002/aic.14461
Published online April 17, 2014 in Wiley Online Library (wileyonlinelibrary.com)

Keywords: science and technology policy, public engagement, broader impacts, communication,
engineering education

Introduction

C
hemical engineers have been key players in develop-
ing much of the technology essential to the operation
of modern society. Yet many chemical engineers (at

least in the United States, the focus of this article) have tra-
ditionally kept themselves at arm’s length from the sociolog-
ical and political issues related to technology deployment
(Figure 1A), which require interactions with other segments
of society (i.e., policy, education, public relations, and medi-
cine, among others).1 Engineering involvement in public pol-
icy and in discussions prioritizing national research has
typically occurred only when cuts in government research
funding appeared imminent.2

However, current issues urgently requiring solutions from
the international engineering community are increasing in
complexity and scale, including the imperatives to develop
safe and sustainable food and water supplies, make solar
energy economical, and engineer better medicines.1,3 Solu-
tions to these complex issues require systems thinking and
engineering design that consider political, social, and eco-
nomic constraints, as well as the obvious technical chal-
lenges.4 Engineering principles must be integrated with other
forms of knowledge (insight, historical experience, ethics,
etc.)5 to help better understand and respond to the rapid
changes of today’s world, to inform policy that will both
benefit society and foster engineering innovation,6,7 and to
guide future engineering research initiatives that will secure
the relevance of our profession.

Thus, the scope of involvement for the chemical engineer-
ing professional is evolving—we now need to effectively
engage, communicate, and work in concert with policy-
makers, social science professionals, and members of other
disciplines (Figure 1B), despite challenges posed by different
perspectives, values, tools, and language.8 We need to train
and develop chemical engineers able to bridge this divide
and able to operate in a role increasingly entwined within
society and policy.

The Evolving Engineer

Although depth of engineering knowledge is still para-
mount, employing only technical criteria in engineering
design is insufficient for the development of successful solu-
tions for our evolving, complex society. Political and social
issues are important constraints in modern engineering
design problems, and these concerns must be incorporated
into engineering systems thinking.9 For example, building
design previously emphasized visual impact over function,10

producing societal icons such as New York City’s original
World Trade Center. These buildings offered protection
against certain hazards (e.g., fire, earthquakes) as required by
local building codes, but certain design aspects, such as
energy efficiency or the building’s indoor ecology, were of
secondary importance.10 However, changes in political,
social, and economic forces have reshaped building design
principles. Because iconic buildings and structures which
provide critical infrastructure have become targets of terror-
ism, buildings are now being designed to preserve as many
lives as possible (via fire-resistant construction materials,
improved egress routes) and to resist multiple hazards before
catastrophic failure.11 Rising energy costs and increased
prevalence of health issues associated with environmental
factors (e.g., asthma) have shifted building design toward
applying leadership in energy and environmental design
(LEED) principles; opportunities for chemical engineering
contributions on this front were described in a previous
AIChE perspective.10

Other examples of the interplay between chemical engi-
neering design and societal or political issues abound. For
instance, the development of microfluidic systems has been
driven by demand for health diagnostics intended for use in
military environments and developing countries, which lack
infrastructure such as air-conditioned labs, refrigerated stor-
age, and highly trained medical personnel.12 Government ini-
tiatives to bring critical natural resources under domestic
control have spurred major investments in related technolo-
gies; in Israel, a shortage of freshwater sources motivated
the development of large-scale desalination facilities,13 and a
push for energy independence in the United States escalated
research into new energy sources (i.e., unconventional
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natural gas, renewables, etc.).14 These examples all demon-
strate how the ability to synthesize the technical aspects of
engineering with policy, culture, religion, the arts, and eco-
nomics is a critical skill for the successful modern engineer.

The Evolving Engineer must capitalize on the interplay
between good engineering design and political, social, or
cultural concerns. This requires a high level of technical
aptitude as well as competence in:
� understanding the broader political and social context

of engineering practice,
� collaborating with a range of disciplines, including poli-

cymakers, and
� communicating effectively with a broad cross section of

society.
Nonetheless, it is not clear if current engineering curricula

and training provides students with enough training in these
areas to help them innovate solutions for our changing
world. Part of the challenge is that the development of these
skills should not come at the expense of reduced technical
competence.15 In the following sections, we describe current
shortcomings, make recommendations for improving training
in these areas, and provide examples of development oppor-
tunities (see Table 1) for the Evolving Engineer.

A Broader Context of Engineering Practice

Understanding the nature of relevant political and social
issues is a prerequisite to good engineering design, thus
requiring an appreciation for, and competence in, basic
policy, social science, and cultural studies among engineers

As an example of how this issue will manifest itself, it is
projected that within the next 20 to 30 years English will no
longer be the most common language (Katehi, in 16), yet for-

eign language requirements in United States postsecondary
engineering curricula have all but been abolished.9 Engineer-
ing undergraduates interested in studying abroad often strug-
gle to integrate this experience into their education without
significantly extending degree timelines due to rigid prereq-
uisites and the constraints of course offerings.9 Furthermore,
few United States undergraduate or graduate engineering
programs integrate policy or social science studies into the
core engineering curricula17 (the few that do are discussed
later in this section). Instead, general education requirements
in the humanities, social sciences, and arts are sometimes
regarded as obligatory check-boxes for an engineering bach-
elor’s degree, with no direct relevance to engineering course-
work. Unfortunately, the failure of engineering educators to
connect engineering practice with its social context may
actually contribute to the low retention rate in engineering
programs, where students aspiring to help people and society
struggle to see how their engineering studies (and all of
those initial technical courses) will provide these
opportunities.9,17

The most recent data from the science and engineering
statistics (SESTAT) database18 (survey years 2003, 2006,
2008, 2010) suggest that a genuine emphasis on social
science-related studies* together with an engineering educa-
tion provides a broader political and social context for engi-
neering practice. Few engineering degree holders also hold
degrees in social science-related fields (Figure 2A; 0.88%
across all engineering disciplines and 0.54% for chemical
engineering). However, individuals who do hold both engi-
neering and social science-related degrees are approximately
two times more likely to be employed in the government

Figure 1. Historical and future roles for engineers in technology deployment and technology policy.

(A) While engineers have typically kept at arm’s length from social and policy issues, (B) the Evolving Engineer needs to facilitate

technological advances through a systems approach which considers political and social forces in technology development and

deployment, and which capitalizes on the interplay between policy, society, and engineering practice.

*These include economics, political science, psychology, anthropology, and
“other” social sciences
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(Figure 2B). Although this may reflect a self-selected group,
it also is consistent with the idea that students trained in
social sciences and engineering are better prepared for posi-
tions involving policy and social engagement.

There is an expanding movement to integrate social con-
cerns into engineering systems thinking, design criteria, and
problem solving.19,20 The current ABET criteria for engi-
neering education require political, social, and ethical topics
be included in the set of “realistic constraints” for considera-
tion in engineering design.21 These criteria also stipulate that
“the broad education necessary to understand the impact of
engineering solutions in a global, economic, environmental,
and societal context” be incorporated into the undergraduate
engineering curricula. A report from the National Academy
of Engineering (NAE), The Engineer of 2020: Visions of
Engineering in the New Century, discusses the societal,
global, and professional contexts of engineering practice and
recommends improved integration between engineering,
social concerns, and policy-making.4

Educational paradigms should reinforce the interplay
between engineering, policy, and society by framing engi-
neering problems in a social and political context throughout
an engineer’s education.15 Such training may enable engi-
neers to determine how and when to incorporate social ele-
ments into the systems analysis of their work.4 Of course,
simply requiring additional coursework for engineering stu-
dents is not practical, as the current undergraduate engineer-
ing curriculum is perceived as overloaded4,16 and tuition is
expensive. Moreover, relying on general education courses
that do not reflect on the connection of science and engineer-
ing with society, culture, language, etc., would probably not
yield an integrated educational experience for students any-
way. Hyman describes one solution: the use of engineering
design education as a logical platform for integrating public
policy considerations into the engineering curriculum, pro-
viding specific, concrete suggestions that include topics for
design projects, homework assignments, and test questions.15

However, Hyman cautions that the integrated treatment of
social criteria in engineering design courses will only be
meaningful if students have previous exposure to these social
dimensions of design. Therefore, we can no longer afford for
studies that provide political, social, and global context for
engineering practice to remain fully subordinate to technical
courses in engineering education.

Examples of diverse approaches to the integration of
social science, policy, and cultural studies can be found in
Table 2; these range from optional enrichment programs to
mandatory training within the engineering curriculum. A par-
ticularly interesting one (described in detail by Kerns et al.
in 16) is the model of Franklin Olin College of Engineering,
where engineering coursework is integrated with design proj-
ects and social studies during all 4 years of the undergradu-
ate program, and students are encouraged to pursue
extracurricular artistic or entrepreneurial interests to foster
their creative edge.

Increased Collaboration

To successfully develop and implement novel
technologies addressing global challenges, chemical
engineers must increase collaboration with policy
makers and other disciplines

The concept that engineers have a responsibility to focus
their efforts toward solving societal issues is not
new.6,19,20,22 Current chemical engineering research efforts
have clear implications in more than half of the Grand Chal-
lenges for Engineering identified by the NAE.3 However,
successful deployment of many new technologies (that
address topics such as energy, water and food supply, and
global health issues) requires a coordinated effort between
engineers, policymakers, scientists, economists, and social
scientists (among other groups) at all stages of research,
development, and deployment.1 In particular, the role that

Figure 2. (A) Percent of individuals with engineering degrees also holding a social science-related degree, and (B) compari-
son of government employment rates among engineers with and without additional social science-related degrees.

In all cases, the values presented are the average of the four most recent SESTAT survey years for which these data are available

(2003, 2006, 2008, 2010).18 Error bars represent the standard error of the values across the four surveys.
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government and public policy play in technology develop-
ment and deployment is increasing in importance and com-
plexity,23 emphasizing the need for collaboration between
engineers and policymakers. This type of engagement is
much different and deeper than the current approach used by
many engineering academics to simply advocate for
increased research funding.2,4

Technological and scientific considerations are central to
many, if not most, of the policy decisions facing current
legislators.23 However, a potential barrier to creating effec-
tive technology policies, particularly in the United States, is
the lack of technical backgrounds24–26 among legislators and
elected officials. Members of recent Congresses listing the
occupation of “engineer” ranged from zero (2001–2004) to
six (1.1%; 2009 to present),27–33 and the number of scientists
was similarly low. Another report counts 15 current Con-
gressmen who have “engineering backgrounds” (14 represen-
tatives and one senator; 2.8%), which includes both career
engineers as well as engineering degree holders who worked
in other fields.26 The presence of, or lack thereof, legislators
with engineering backgrounds at the state level is similar; in
2007 only 1.6% of state legislators across the nation listed
their occupation as scientist, engineer, or architect,† and 11
states had no engineering or science representation at all.34

In legislation dealing with complex, global systems where
it is essential to incorporate technology considerations and
technical knowledge, there is a place for the analytical attrib-

utes of engineers to help frame and present policy options to
policymakers.5 For example, in developing science and tech-
nology legislation, the job of Congressional committees and
their staffers is not to understand every scientific principle
underlying the policy issues at hand (Byerly and Sarewitz in
35). Instead, the role of Congressional committees responsi-
ble for science and technology legislation is to effectively
use the legislative system to provide for and support engi-
neering and science activities.35 To enable this, Congress
must have access to relevant and credible technical informa-
tion that “matches the language and policy context of con-
gressional deliberation” and “informs policy issues without
necessarily recommending specific actions.”23 Here, the
engineering community could play a key role by helping
identify and define the policy options available, by predicting
the implications of those options (including advantages,
risks, and costs), and by providing an analytical approach to
decision-making.8,19,36 The systems-thinking approach of
engineers would need to incorporate technical, policy, socio-
logical, and economic considerations simultaneously into
engineering design and understand their implications, requir-
ing improved engagement and collaboration on both the pol-
icy and societal fronts (Figure 1B).

The primary concerns of policymakers are the inputs and
outputs of a system, rather than its internal workings. There-
fore, engineers may need to become skilled at using their
deep technical knowledge to provide the answers to ques-
tions that policymakers need without complicating their mes-
sages with technical details. Table 1 provides resources for
improving collaboration skills, including policy guides and

Table 2. Engineering Program Examples that Promote Incorporation of Policy, Social Science, and/or Science, Technology,

and Society (STS) Coursework and Enrichment Experiences into Engineering Education

Institution Program Name Description

Carnegie Mellon
University

Department of Engineering
and Public Policy

Actively researches and promotes the engineering-policy interface through:
� a research-oriented Ph.D. program
� double-major degree for engineering undergraduates
� an office in Washington, DC to expand interaction with policy

organizations
Franklin Olin College

of Engineering
N/A Integrates engineering coursework with:

� hands-on design projects in every year and capstone projects
� social sciences and humanities coursework
� foundations of business, entrepreneurship, and innovation
� international/intercultural immersion experiences

Massachusetts Institute
of Technology

The Science Policy Initiative Student-run enrichment program that educates and promotes interaction between
MIT engineers/scientists and policymakers/public through:
� graduate Certificate program in Science, Technology, and Policy
� Science Policy Bootcamp short course
� opportunities for students to visit Washington, DC via Congressional Visit

Day and Executive Agency Visit Day
Stony Brook University Department of Technology

and Society
Administers degree programs, conducts research, and promotes outreach:
� Ph.D. in Technology, Policy & Innovation
� M.S., B.S., and Minor in Technological Systems Management
� STEM Smart outreach program for mentoring underrepresented and

disadvantaged students in STEM (science, technology, engineering, and
mathematics) fields

University of Maryland Science, Technology and
Society Programs

Optional undergraduate enrichment program for engineering and non-engineering
students:
� living/learning undergraduate immersion program in STS
� undergraduate certificate in STS

University of Virginia Department of Engineering
and Society

Provides a mandatory basis in STS studies for all undergraduate engineering
students, including:
� required STS courses in the 1st and 4th years and other STS electives
� three undergraduate minor degree programs
� optional internship program in science and technology

†A more detailed breakdown of science and engineering occupations among state
legislators is not available
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workshops, and also suggests opportunities for increasing
collaboration with policy makers.

Improved Communication

For engineers to influence public policy toward
advancing technology, our community must develop a
capacity for communicating to a broad cross section of
society

We are not alone in believing that effective communica-
tion with policy makers,5,37 other professions,6 and the gen-
eral public7,38 is the most significant development area for
the evolving engineer. Currently, communication training for
engineering students focuses on writing and presentation
skills best suited to convey within-discipline messages. Strat-
egies for communicating with other disciplines, policy mak-
ers,8,39 or the public are not generally emphasized; engaging
in effective dialogue with these groups requires a vastly dif-
ferent approach.

Communication with other disciplines

Underlying the communication barrier between engineer-
ing and nontechnical communities are inherent differences in
what constitute the most valuable and effective communica-
tion strategies. The most successful among politicians, poli-
cymakers, and lawyers recognize that people typically only
absorb information they perceive as personally valuable.6

Thus, these professions excel at interpreting the needs of
diverse audiences and tailoring messages accordingly. The
most successful engineers and scientists, on the other hand,
often excel at communicating to peers. Publishing technical
literature, delivering engaging lectures, and crafting effective
proposals to garner funding are essential communication
skills—within the technical community.

Communication strategies used in the technical world
hinder the engineer’s ability to inform in the policy arena.
Detailed technical information obscures messages to policy-
makers,5 whose immediate goal is decision making40 and for
whom attention (not information) is the limiting resource
(Byerly in 35). A more effective approach is to provide only
the most critical information, crafted into counsel that pro-
vides a guide to action.35 Another peril of a technical mind-
set is the expectation that scientific facts will speak for
themselves, point to the ‘correct’ solution, and convey
urgency on their own merit.35,37 In reality, the outcome of
policy conflicts is at least as dependent on style and tactics
as on the facts,37 as illustrated by Robert Palmer’s recollec-
tion of the Ocean Dumping Act’s passage in Congress (Staff
Director for the U.S. House Committee on Science and
Technology, 1993–2004):

“Now when a vote is taking place on the floor, the sponsors of

the legislation typically stand near the entrances to the chamber

and explain the gist of the bill to the entering Members. I

expected to hear (his boss Jerry Ambro) saying something like,

“Vote yes and you can expect that mercury, cadmium, and lead

levels in the sediments of Long Island Sound will slowly decline

over the next 50 years.” Instead Mr. Ambro came up with some-

thing much catchier: “Vote ‘Yes’ for Clean Fish.” A Member

sitting near me looked up at the electronic board displaying

each Member’s vote, turned to another Member sitting next to

him, and said, “You just voted for dirty fish.” That Member,

horrified, quickly reinserted his voting card and got back on the

clean-fish bandwagon.”35

To effectively engage with policymakers and other non-
technical professions, engineers must hone these skills.
Training should be incorporated into the engineering curricu-
lum by expanding communication courses to cover strategies
appropriate for interdisciplinary scenarios and explaining the
need to use different communication strategies for different
audiences. Professional engineers can refine their communi-
cation skills through self-guided study and by engaging with
policymakers and other professions through opportunities
such as organized forums or policy internships and fellow-
ships (see Table 1 for resources and more examples).

Communication with the general public

Because major initiatives often cannot succeed without
public support,5,41 the engineering community should strive
to raise awareness of scientific issues among the general
public and endow them with urgency, in addition to attempt-
ing to raise the level of scientific literacy.5 This effort
requires that both the content and style of the message be
tailored to the general public. The content must address the
public’s primary concerns: “How does this issue affect me,
my community, and my world?”5 Technical jargon, acro-
nyms, and complex words obscure the message, and should
be minimized or eliminated.6

The style of the message is even more important. Randy
Olson, a marine biologist-turned filmmaker, describes the
disparity between the communication styles of the technical
community and the general public in very simple terms: the
technical community operates in the head (logic, reason, and
analysis), whereas most of the public respond best to mes-
sages aimed at their hearts (passion and emotion), guts
(humor and instinct), and sex organs (which have no logic at
all).38 Although making technical messages “sexy” may be
unrealistic for many issues, effective stylization can help
ensure the impact of our messages in the public sphere. An
exercise recommended by Olson (and something we have
found challenging for us in our own research group) is the
creation of a short (1 min) video that describes the relevance
and basic scientific principles of a (for example, graduate
student’s) research project.38 This movement has gained
recent momentum; organizations such as the NAE and the
NSF have recently sponsored contests seeking student-made
videos aimed at a general audience that describe research
initiatives and explain the importance of engineering efforts.

Improved communication and engagement with the gen-
eral public will help increase the visibility of engineers and
engineering endeavors. Unlike professions that work one-on-
one with people (e.g., physicians and lawyers), many engi-
neers are tucked away in industry and academic labs, work-
ing only with equipment and data. Thus, members of the
public often have poorly formed ideas of what engineers do,
how they serve society, and what an engineering education
can offer.16 For example, while it is easy to see the impact
that doctors have in treating disease, the roles that engineers
and scientists have played in developing life-saving medi-
cines (improving methods of production, designing
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manufacturing facilities, and innovating new delivery meth-
ods) are less obvious. Professional engineering societies pro-
vide an important means for giving a voice to engineers and
for shaping their messages. For instance, AIChE’s efforts on
this front are channeled through its public affairs and infor-
mation committee. Examples of other opportunities for out-
reach with the general public are provided in Table 1.
Successful efforts to communicate and engage with society
beyond the engineering community will better showcase
what engineers do, demonstrate why engineering is impor-
tant, and help recruit creative minds to the next generation
of engineers.

Conclusion

Neal Lane, science advisor for President Clinton, used the
term “civic scientist” to describe one “who uses his or her
knowledge, skills, or fame to reach out to the public and pol-
icy makers to improve their understanding of science and
technology and to influence important public policy.”35 We
envision similar qualities for the Evolving Engineer. How-
ever, we believe there is another, more concrete motivation
for the engineer’s evolution: addressing global issues and
developing an improved social perception of engineering
practice is a matter of survival for our profession.16

Chemical engineering, and all of engineering, must
evolve. We should embrace and emphasize the role of politi-
cal and social issues with equal importance as technical and
economic issues. We need to inspire the next generation of
engineering students to contemplate their role as engineers in
society from their first day as a student. Indeed, doing so
may help diversify our profession and help attract even bet-
ter students.9 Engineers should be excited to share the rele-
vance of their work to society as a whole, and should be
trained to do so in addition to their training in technical
communication. It is a challenge to craft communication
strategies to cope with the disparity in perceptions, lan-
guages, and timelines between the technical and policy
realms, but this is important to our students and profession.
Ultimately, if we do not present our knowledge in a way
that enables action toward solving societal problems, our sci-
entific discoveries and engineered solutions have not suc-
ceeded.42 Furthermore, if we do not fully consider the
political, social, and cultural context of engineering practice,
we risk developing suboptimal solutions to the grave issues
facing our society.
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