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Editor’s Note

Greg Pearson is scholar, K–12
Engineering Education and Public
Understanding of Engineering,
National Academy of Engineering.

Learning about Engineering
Technology Education
In early 2011 a small group of leaders in the engineering
technology (ET) education community began to engage
me in a dialogue about their field. Their desire seemed
to be to bring a higher level of national attention to
engineering technology, which they felt had much to
offer but was overshadowed by “traditional” engineering. I was woefully ignorant of ET and busy with other
projects, so initially these conversations did not make
much of an impression. Over time, however, with more
thought and a bit of research on my own, I began to
feel that there was something important in what these
educators were saying.
For one thing, the number of people graduating
with 2- and 4-year ET degrees, though smaller than
in engineering, was hardly insignificant. In 2014, US
postsecondary institutions made roughly 18,000 4-year
and 35,000 2-year ET awards. Why were these students
choosing to study ET rather than engineering? Where
did they go after graduating? Did they earn as much?
Did they do the same or different work?
As I did more research, I was struck by the almost
complete absence of the mention of engineering technology in public discourse about the need for more, or
more diverse, engineering talent in the United States.
Why this apparent blind spot?
These and other questions became the foundation
for a successful NAE proposal to the National Science
Foundation (NSF) for a study of engineering technology education in the United States. The 14-member
committee selected for the study was cochaired by

NAE members Ron Latanision (Exponent, Inc.) and
Katharine Frase (IBM, ret.). The committee met four
times, commissioned a review of federal educational and
occupational data, designed and fielded two surveys—of
ET education programs and of employers of engineering talent—and held a one-day information-gathering
workshop. The committee’s report was released in February 2017.1
This issue presents the summary from the report and
three original articles. The summary provides a brief
overview of the ET field, noting some of the definitional challenges and data limitations the committee
encountered in its work. It also presents the committee’s
findings and recommendations in four areas: the nature
of ET education, supply and demand for ET-related talent, educational and employment pathways, and data
collection and analysis.
The article by Daniel Kuehn, who collected and analyzed much of the ET-related federal educational and
occupational data for the committee’s deliberations
and report, points to a glaring gap in what is known
about the sub-baccalaureate STEM workforce. As he
notes, the paucity of information in this area is largely
the result of a federal data infrastructure that seems to
value bachelor’s and graduate degrees over other credentials (such as associate’s degrees and certificates) in
the skills hierarchy. Among other things, this deficit
makes it impossible to examine the question of whether
there is or is not a shortage of engineering technicians
in the United States. Kuehn also draws attention to the
dramatic increase over the past decade in ET certificate awards. He suggests a number of steps policymakers
might consider to both better understand and support
the development of sub-baccalaureate ET talent.
Ron Dempsey, who contributed some of the historical
information about the ET field included in the committee’s report (chapter 2), explores the intriguing fact that
Black students graduate at a much higher rate from ET
programs, at both the 2- and 4-year degree level, than
they do from traditional 4-year engineering programs.
1

The report, Engineering Technology Education in the United
States, can be viewed and downloaded free of charge through the
National Academy of Engineering website, www.nae.edu, under
Publications.
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His research suggests a number of factors that may influence students’ choices, such as program cost, scheduling flexibility (for students who work full or part time),
and personal preference for hands-on, applied learning.
He posits that the typically less-mathematics-intensive
ET curriculum may also play a role in attracting and
retaining these students. The answer to the question of
whether ET is a gateway or a gatekeeper to a career in
engineering, as his article title frames the issue, seems
uncertain. Perhaps it is both.
Daniel M. Hull and Mel Cossette, directors of NSFfunded Advanced Technology Education centers and
members of the study committee, bring attention to the
connections between high schools and community colleges in the preparation of STEM technicians, including but not limited to those working in engineering
technology. Their article describes the various career
pathways available to both K–12 students and adults,
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including those with no college experience and returning veterans. They make the case that the pursuit of
a 4-year college degree is neither necessary, from the
standpoint of earnings potential, nor the best choice for
the many individuals who struggle in traditional academic learning environments.
I suspect many readers of The Bridge will be surprised
to learn about engineering technology. Although this
close cousin to traditional engineering arose in the
1940s out of the technical institutes and grew in popularity after the launch of Sputnik in 1957, it remains
largely under the radar of the engineering education
community and of those who develop programs and
policies to support the US STEM workforce. It is my
hope that this issue and the committee’s full report will
stimulate more dialogue and interest in this critical
component of the nation’s technical workforce.

There is little awareness of engineering technology
as a field of study or category of employment in the
United States.

Engineering Technology Education
in the United States
Summary

Katharine G. Frase, Ronald M. Latanision, and
Greg Pearson

Katharine G. Frase

Ronald M. Latanision

Greg Pearson

The vitality of the innovation economy in the United States depends on

the availability of a highly educated technical workforce. A key component
of this workforce consists of engineers, engineering technicians, and engineering technologists. Much has been written about the role of engineers,
their academic preparation, and their value to the nation. The purpose of
this report is to shed light on the relatively underappreciated roles and contributions of engineering technicians and technologists. Very abstractly, if
engineers are viewed as being responsible for designing the nation’s technological systems, then engineering technicians and technologists are the ones
who help build and keep those systems running.
Katharine G. Frase (NAE) is retired vice president, Education Business Development,
International Business Machines Corporation. Ronald M. Latanision (NAE), is senior
fellow, Exponent. Greg Pearson is scholar, K–12 engineering education and public understanding of engineering, National Academy of Engineering.
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FIGURE 1 An engineering technology–engineering continuum model. Source: ASME (2012). Used with permission.

Unlike the much better known field of engineering, engineering technology (ET) is unfamiliar to most
Americans and goes unmentioned in most policy discussions about the US technical workforce. This despite
the fact that workers in this field play an important role
in supporting the nation’s infrastructure and capacity
for innovation.
The emergence of ET as an academic discipline can
be traced to the mid-1950s, when curricula in traditional engineering programs began to focus more heavily on
advanced science and mathematics coursework. The
resulting de-emphasis on student hands-on laboratory
work was a key factor in establishment of the first 2-year
(associate’s degree) ET programs, which were designed
to ensure that the engineering team included individuals skilled in application as well as theory (Henninger
1959). Four-year (bachelor’s degree) ET programs,
which first appeared in the 1960s, also had a distinct
focus on application.
The number of degrees awarded in engineering technology, while smaller than in engineering, is substantial. In 2014 there were 17,915 graduates with 4-year ET
degrees and 34,638 graduates with 2-year ET degrees in
the United States, according to the Department of Education’s Integrated Postsecondary Education Data System (IPEDS). By comparison, in that same year, there
were 93,950 graduates of 4-year engineering programs
and 4,409 graduates with 2-year engineering degrees. In
2014, US schools, mostly community colleges, awarded
49,217 subassociate’s-degree certificates in ET.
In 2013 the total stock of those with 4-year ET
degrees was estimated to be about 480,000, and the
stock of those with 4-year degrees in engineering was a
little over 5 million. There are no data on the stock of
those with 2-year degrees in either ET or engineering.

Because not all those with degrees in a particular field
end up working in that field, another useful metric is the
number of people employed in ET, regardless of their
educational background. By this measure, there were
about 400,000 ET workers in the United States in 2013.
In our report, we use the term “technologist” to refer
to a person with a 4-year degree in engineering technology or with a 4-year degree in another subject whom the
federal government considers to be working as a technician or technologist.1 We define a “technician” as a
person with a 2-year ET degree or someone without a
4-year degree whom the federal government classifies as
working as a technician or technologist. Of the roughly
400,000 people employed in ET in 2013, we estimate
the vast majority, about 80 percent, were working as
engineering technicians.
The work of engineering technologists has been
described by drawing comparisons to engineering. One
model, developed by the American Society of Mechanical Engineers (figure 1), sees the jobs of engineering
technologist and engineer as falling along a continuum.
It is characterized at one end (engineering technology)
by work involving distribution and sales; operation, service, and maintenance; and production engineering;
and at the other (engineering) by work emphasizing
theory, analysis, and complex design. In this model, a
number of work-related activities can be performed by
both engineers and technologists.

Figure S-1 and 1-1
redrawn, vector editable
R02993

1

The federal government does not separately collect or “code”
data for those employed as engineering technicians and engineering technologists. Rather, it lumps these two groups of workers
together. The committee was able to approximate the size of these
two populations by analyzing differences in 2- and 4-year degree
completion.
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There is no widely accepted job description for an
engineering technician. However, the International
Engineering Alliance (IEA 2014, pp. 13–14), which
manages mutual accreditation recognition agreements
among signatory countries for engineers, engineering
technologists, and engineering technicians, offers this
description:
The roles of engineering technicians involve them in
the implementation of proven techniques and procedures to the solution of practical problems. They carry a
measure of supervisory and technical responsibility and
are competent to exercise creative aptitudes and skills
within defined fields of technology, initially under the
guidance of engineering practitioners with appropriate
experience. Engineering technicians contribute to the
design, development, manufacture, commissioning,
operation and maintenance of products, equipment,
processes and services.

K–12 schools, industry, and other organizations;
and communication and collaboration with engineering education programs.
The committee met four times over a roughly 2-year
period. Data gathering for the project included an information-gathering workshop in December 2014; a commissioned review of ET-related federal education and
occupational statistics; two surveys, one of ET educators
and the other of employers of engineering technicians
and technologists; and a literature review. The committee’s full report presents and analyzes these data in detail
and includes findings and recommendations in four areas:
• the nature of engineering technology education,
• supply and demand,
• educational and employment pathways, and
• data collection and analysis.

Statement of Task

To shed light on the status, role, and needs of ET education in the United States, the National Academy of
Engineering, with funding from the National Science
Foundation (NSF), assembled a 14-member study committee to examine these issues. The committee’s statement of task had the following objectives:
Objective 1: Review the status and history of the
production and employment of engineering technologists and technicians in the United States.
Such a review should address not only the number
and discipline focus of graduates from engineering
technology programs but also their demographic
characteristics (race, gender, socioeconomic status), academic preparation (e.g., participation in
career and technical education programs, experience with K–12 engineering coursework), and
distribution by sector, job role/category, and geographic region.
Objective 2: Gather available data and explore
private and public sector employer perceptions
regarding the adequacy of the supply of engineering technologists and technicians as well as the
appropriateness of the knowledge and skills they
bring to the workplace.
Objective 3: Describe the characteristics of US
engineering technology education programs related to such things as curriculum and faculty professional development; outreach to/partnerships with

Many employers do not
know the difference between
work performed by engineers
and work performed by
engineering technologists.
Findings and Recommendations Related to the
Nature of ET Education

From the perspectives of workforce and education policy
in the United States, there appears to be little awareness
of ET as a field of study or a category of employment. As
just one example, 30 percent of almost 250 respondents
to our employer survey had never heard of the field
of ET education; this lack of awareness rose to almost
50 percent for smaller employers. Even among respondents who indicated an awareness of ET, one third
said they did not know the difference between work
performed by engineers and work performed by engineering technologists. These data can be explained by
a combination of factors, including ET’s challenges with
branding and marketing; curricula and worker skills that
overlap with those of engineering; and gaps in research
and data collection that make it difficult to determine
how differences between the two fields affect employment opportunities and benefit employers.
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Lack of awareness of ET extends into the K–12
education system, where many young people are first
exposed to possible career paths. The committee found
little evidence of formal outreach or communication to
K–12 teachers, students, or students’ parents concerning ET and its connection to postsecondary education
and employment.
Recommendation 1: Within academia, it is critical for
leaders of 2- and 4-year ET programs to engage more
meaningfully in discussion with leaders in postsecondary engineering education about the similarities and differences between the two variants of engineering and
how they might complement one another while serving the interests of a diverse student population. This
engagement can be accomplished in dialogue within
and between individual institutions; through work by
discipline-based and affinity engineering professional
societies; and by leaders in the American Society for
Engineering Education (ASEE), such as the Engineering Technology Council, the Engineering Deans Council, and the Corporate Member Council.

The ET education community
should make the field’s
value proposition more
evident to K–12 teachers,
students, and parents as
well as employers.
Recommendation 2: The ET education community
should consider ways to make the field’s value proposition more evident to K–12 teachers, students, and students’ parents, as well as to employers. Such an effort
might include new messaging developed in collaboration with a qualified public relations firm and based
on data from market research on student and employer
knowledge and perceptions of ET. The research might
test the appeal and believability of rebranding ET as
“applied engineering” or other appropriate names identified by the market research. Attention also should
be paid to ways to reduce confusion associated with
the term “engineering technology” and to simplifying
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degree nomenclature. To encourage collaboration and
avoid duplication, plans for any major new outreach
should be communicated with appropriate leadership
in the engineering education community, such as the
ASEE Engineering Deans Council and Engineering
Technology Council.
Findings Related to Supply and Demand

The committee examined supply and demand in the
ET workforce. This task was complicated both by the
definitional confusion surrounding the field and by
certain gaps in data collected by the federal government. Even with these limitations, the committee
found no clear indication of either a shortage or a surplus of engineering technicians or technologists. This
does not preclude the possibility of market imbalances
in certain geographic areas. Empirical data do show a
significant greying of the ET workforce, which suggests
to some that these skills may well be needed in greater
numbers in the future. However, labor economists (e.g.,
Freeman 2007) have found that an aging workforce is
often an indication of business expectations of weak
future demand.
Findings and Recommendations Related to
Educational and Employment Pathways

Compared with engineering, ET education programs,
particularly at the 2-year level, are more attractive to
older students and students currently underrepresented
in science, technology, engineering, and mathematics
(STEM) fields. In contrast to the situation for most college graduates, who are in their early 20s, more than one
quarter of graduates with 4-year ET degrees are older
than 35. The proportion of adults enrolling in 2-year
programs may be even higher.
The share of students earning 4-year degrees in ET
that is black is almost three times the share of students
earning 4-year degrees in engineering (10.7 percent
versus 3.8 percent). Blacks account for more than
11 percent of those earning 2-year degrees and more
than 17 percent of those earning certificates in ET; in
engineering, the proportion earning 2-year degrees is
slightly less than 6 percent. Women earn almost 20 percent of 4-year degrees in engineering but just 12 percent
of 2- and 4-year ET degrees.
Recommendation 3: Research is needed to understand
why certain segments of the population graduate at
higher frequencies from ET programs than they do from
engineering programs and why women are even less
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engaged in ET than they are in engineering. Understanding the reasons for these preferences and trends
may allow programs in both domains of engineering to
better attract and retain more diverse student populations. NSF should consider funding research on factors
affecting matriculation, retention, and graduation in
ET. The research might consider, among other factors,
socioeconomic issues, such as the need for some students to work while attending school; issues related to
the adequacy of secondary school preparation in mathematics and science; the presence and nature of mentoring, peer and parental support, career counseling,
and other mechanisms known to increase enrollment
and retention of women and underrepresented groups
in STEM fields; and the nature of curricular differences
between 2- and 4-year ET programs and between 4-year
ET and 4-year engineering programs.
The committee found that the connection between
an ET education and the ET workforce is fairly weak.
Those with ET degrees work in a broad range of occupations, and those employed as engineering technologists
have a diverse degree background. For instance, just
12 percent of technologists have a 4-year degree in ET,
according to the National Survey of College Graduates
(NSCG). The largest share of technologists, 39 percent
according to NSCG, has degrees in engineering; smaller, but still significant, shares have degrees in business/
management or the life sciences.
The relatively small salary premium for technologists, as compared with technicians, may be reducing
incentives for entry into 4-year ET programs as well
as tamping down overall interest in technologist jobs.
Conversely, the relatively high salary potential of technician-level jobs may serve to increase interest in these
jobs and educational pathways to them. Although salary
growth for both types of worker has been flat over the
past 40 years (remaining at an average of about $50,000
annually, in 2015 dollars), average real wages for engineers have risen 23 percent, from $70,000 to $86,000
annually.
Recommendation 4: Research is needed to better understand the reasons for the apparent loose coupling of
degree attainment and employment in engineering
technology. Such research might consider how factors
like the salary differential between ET and engineering
jobs and lack of ET wage growth may be influencing
students’ academic and career choices. These and related questions might be addressed in studies supported
by NSF or by revisions in relevant survey instruments

administered by NSF, the National Center for Education Statistics, and the Bureau of Labor Statistics.
Findings and Recommendation Related to
Data Collection and Analysis

There are significant, data-related limitations in the
ability to understand differences in degree histories, specific job attributes, and educational and employment
choices of those working as engineering technicians and
technologists. This is particularly an issue for tracking of
2-year degrees and for the technician workforce.
For example, ET degree data reported through IPEDS
currently use a coding scheme that includes field and
subfield titles that do not contain the term “engineer-

Those with ET degrees
work in a broad range of
occupations, and those
employed as engineering
technologists have a diverse
degree background.
ing technology.” And because of confusion about degree
types within engineering-related fields, other datasets
such as the American Community Survey (ACS) and
NSCG, which rely on self-reports by individual survey participants, may include misclassifications. For
instance, some individuals with degrees in ET may
report that they have a degree in engineering and therefore be counted as engineering-degree recipients.
Despite the popularity of community colleges and the
large number of 2-year degrees and certificates awarded
by these institutions, there are gaps in understanding of
how these types of credentials relate to further education or employment in ET. For instance, none of the
four federal datasets used in our report (ACS, Current
Population Survey [CPS], Occupational Employment
Statistics [OES], and NSCG) that capture occupational
information tally technician- and technologist-level
workers separately. As noted, the committee estimated
the number of employed technicians by pulling out
workers who have a 2-year degree but not a 4-year
degree. But this approach has shortcomings, including
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the possibility that someone with a 2-year degree may
have risen through the ranks to assume responsibilities
consistent with someone with a 4-year degree in ET
or engineering. Conversely, someone we counted as a
technologist, because the person had a 4-year degree,
may have earned that degree in a field unrelated to ET
but ended up doing ET-related work after earning one
or more certificates or a 2-year degree in the field, or
because of relevant on-the-job training.
An underlying problem with ET employment data
relates to the coding process, in this case the System
of Occupational Classification (SOC). ACS, CPS, and
OES all use the SOC to assign individuals to specific
job types. But the SOC currently does not provide separate job descriptions for technicians and technologists,
lumping them all into a category called “engineering
technicians, except drafters.” An interagency work
group revising the SOC is considering whether to create separate occupational categories for ET technicians
and technologists.
Recommendation 5: The National Center for Education Statistics should consider collecting more comprehensive survey data on individuals participating in
sub-baccalaureate postsecondary education. In addition, existing nationally representative surveys, such
as ACS, CPS, and NSCG, should consider collecting
more detailed information from 4-year degree holders
and add questions pertaining to sub-baccalaureate populations, as appropriate. ACS and NSCG, which rely
on self-reported data, might consider including prompts

in their survey instruments to encourage more accurate
reporting of degree information from ET degree holders.
A Final Word

Engineering technologists and technicians are an important, if overlooked, segment of the nation’s STEM workforce. The field of ET has strong historical connections
to traditional engineering and shares the same general
sensibility toward technical problem solving. At the
same time, its pedigree is rooted in application-focused
and hands-on learning, perhaps to a greater extent than
in engineering. We hope this report spurs greater understanding and further exploration of ET education and
of the contributions of workers with ET-related skills.
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More data are needed for engineering technology
students and workers to better understand the field and
labor market.

Analyzing the Engineering Technician
and Technologist Workforce
Data Coverage and Gaps

Daniel Kuehn

Labor market data inform employment and training policies on Capitol
Daniel Kuehn is a research
associate at the Urban
Institute. He was a consultant on the NAE’s
recent report, Engineering
Technology Education in the
United States.

Hill and in statehouses. As budget pressures mount in higher education,
the data are also of tremendous value for program planning in colleges and
universities.
One of the most conspicuous features of the labor market data on engineering technicians and technologists is the lack of clear information on
these workers. The problem is particularly acute for technicians—those who
work in the field of engineering technology but do not have a 4-year degree
in the subject.1 The paucity of information on this workforce is largely the
result of a federal data infrastructure that values bachelor’s and graduate
degrees over other credentials—such as an associate’s degree or a certificate—in the skills hierarchy.
This article provides an introduction to what is known about engineering
technicians and technologists, and an overview of the types of data available
on them. It also exposes large data gaps that affect not only technicians but
1 Those

who work in engineering technology and have a 4-year degree are referred to as
“technologists.” Technologists typically have more specialized skills in a piece of equipment, or are involved in design or systems development. They frequently do work that is
associated with engineers, although at the more applied end of the engineering spectrum.
Technicians, in contrast, are typically involved with equipment installation, maintenance, and adjustment.
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The federal government’s substantial data
collection efforts for
bachelor’s degree holders
50000
reveal a major disconnect
between an individual’s
40000
training in engineering
technology and likelihood
30000
of working as a technologist. Across the major federal datasets, individuals
20000
with a bachelor’s degree
in engineering technology
10000
have a low probability of
working as an engineer0
ing technologist, and are
indeed more likely to work
in other related technical
fields than in their own
Sub-associate’s Certificates
Associate’s Degrees
Bachelor’s Degrees
field of study. These and
FIGURE 1 Engineering technician and technology certificate and degree production, 1989–2014. other data trends are disBased on calculations using data from the Integrated Postsecondary Education Data System cussed below.
(IPEDS), population of institutions from the National Center for Education Statistics (NCES).
After covering what
Reprinted from Frase et al. (2017).
is known and the
all sub-baccalaureate science, technology, engineering,
strength of the data on engineering technologists,
Figure
and3-1
mathematics (STEM) workers.
the article moves into a discussion of data gaps,
particularly those related to the technician workBackground
force. Although certain pieces of the puzzle in
Before discussing what is not known, it’s worth identiisolation are readily available, the federal governfying what is known about the engineering technician
ment does not provide the detailed, coherent data
and technologist workforce. After all, there are suffion the sub-baccalaureate degree workforce that it
cient data to produce a new NAE report, Engineering
does on bachelor’s degree holders. The article conTechnology Education in the United States (Frase et al.
cludes with some suggestions for filling data gaps and
2017), filled with useful details on the workforce and
strengthening engineering technology education in
recommendations for the future.
the United States.
In particular, there is thorough data coverage in two
Engineering Technology Degree Awards
major areas of interest:
The most up-to-date and comprehensive data on the
1. the annual production of credentials at all levels
annual production of engineering technology (ET)
(e.g., certificates, associate’s and bachelor’s degrees)
degrees come from the Department of Education’s Intein engineering technology, and
grated Postsecondary Education Data System (IPEDS),
2. the experiences of individuals with bachelor’s degrees
which reports degrees awarded to gender and race/ethin engineering technology.
nicity groups for every accredited college in the United
States by detailed degree fields. It allows users to, for
What do these data reveal? Among other trends,
example, identify how many African American males
the degree production data show an engineering techearned an associate’s degree in mechanical engineernician and technologist workforce dominated by subing technology from Tidewater Community College
baccalaureate degree holders (“technicians”), with
in 2014. Some of this level of detail is available in the
particularly strong recent growth in nondegree certifirecent NAE report.
cate awards.
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Degree awards

60000
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TABLE 1 Comparison of estimates of stock of and new awards in
Broader trends in engia
engineering technology and engineering in 2013, various sources
neering technician and
technology certificate and
Degree Holders
IPEDS
ACS
NSCG
degree awards, based on
IPEDS data, are presented
Stock of bachelor’s degrees in engineering
—
480,925
435,716
technology
in figure 1 (reproduced
from the NAE report).
Newly awarded bachelor’s degrees in
18,322
—
—
The figure presents data
engineering technology
for 1989–2014 by type of
Newly awarded associate’s degrees in
37,475
—
—
award: certificate, associengineering technology b
ate’s degree, and bachelor’s
degree. For most of the
Stock of bachelor’s degrees in engineering
—
5,098,403
3,879,754
period, more associate’s
Newly awarded bachelor’s degrees in
87,812
—
—
degrees were earned than
engineering
any other type of award.
After a decline in the early
ACS = American Communities Survey; IPEDS = Integrated Postsecondary Education Data
System; NSCG = National Survey of College Graduates
1990s from a peak of almost
a Although

the most recent IPEDS data are from 2014, this table uses 2013 data for
50,000, associate’s degrees
comparability
with NSCG, which has data only through 2013.
awarded ranged between
b The

federal
government
does not collect data that allow estimates to be made of the stock
30,000 and 40,000 per year.
of 2-year engineering technology degrees.
Bachelor’s degrees were
Source: Calculations from noted datasets.
earned at about half the
rate of associate’s degrees—15,000–20,000 annually—
awarded in 2013, there is no reliable estimate of the
and remained stable throughout the period.
stock of ET associate’s degree holders.
The most dynamic award level in engineering techThe reason for this data gap is that surveys in the
nology has been certificates: In 1989 about the same
United States are designed to report in much greater
number of ET certificates were awarded as bachelor’s
detail on individuals with bachelor’s degrees than
degrees. The number grew slowly until the mid-2000s,
individuals with sub-baccalaureate postsecondary crewhen there was a sharp uptick, and surpassed associate’s
dentials. As a result, there is strong data coverage of
degrees in 2010. In 2014 nearly 50,000 ET certificates
bachelor’s degree–bearing engineering technologists
were awarded—more than double the number of bach(who make up a small share of the combined technielor’s degrees and about 40 percent more than the numcian and technologist workforce), but much less for the
ber of associate’s degrees.
engineering technician workforce.2
In addition to these annual certificate and degree
Engineering Technologists
awards, federal surveys such as the National Science
Foundation’s (NSF) National Survey of College GraduData on the engineering technologist workforce are
ates (NSCG) and the Census Bureau’s American Comavailable from a number of sources, reflecting the
munities Survey (ACS) provide estimates of the number
preoccupation of the federal statistical agencies with
of individuals in the workforce (the “stock”) with ET
bachelor’s and graduate degrees. The NSF’s NSCG is
training. These estimates (for 2013) are presented in
typical of this emphasis, which is also apparent in the
table 1, along with degree award data and information
Department of Education’s nationally representative
on engineering for comparison.
longitudinal survey, the Baccalaureate and Beyond
The ACS and the NSCG provide somewhat dif(B&B), or the NSF’s Survey of Doctoral Recipients
ferent estimates of the stock of 4-year degree holders,
(SDR).
but approximately 450,000 Americans have bachelor’s
degrees in engineering technology, compared to 4–5 million with bachelor’s degrees in engineering. Although
2 This differential degree of detail in labor market data is not
the IPEDS data show that many more associate’s degrees
restricted to engineering technicians; it’s true of all sub-baccalaureate STEM graduates.
than bachelor’s degrees in engineering technology were
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out of the field because
they are not paid particu$90,000
larly well. Data from the
nationally representative
$80,000
monthly Current Popula$70,000
tion Survey (CPS) confirm
that the annual earnings
$60,000
of engineering technicians
$50,000
and engineering technolo$40,000
gists are roughly comparable—$45,000–$55,000 a
$30,000
year—which is $30,000–
$20,000
$40,000 less than the typical engineer (figure 2).
$10,000
Or is something else
$0
going on? Ronald Land
(2012) finds that employEngineering Technicians
Engineering Technologists
Engineers
ers who hire both engineers
and engineering technoloFIGURE 2 Annual earnings (2015 dollars) of engineering technicians, engineering technologists, gists frequently do not disand engineers, 1971–2015.
from the 1971–2015 March Current Population Survey.
Figure Calculated
4-2
tinguish between the two
Reprinted from Frase et al. (2017).
types of 4-year degree holdEven the Census Bureau’s ACS, a meat-and-potatoes
ers, so the weak connections may simply be attributable
household survey, is valuable for forming a deep underto ET and engineering graduates being hired to do the
standing of the ET workforce because it includes a quessame work and labeled “engineers.”
tion on the field of study in which respondents earned
These and many other questions can be explored in
a bachelor’s degree. This minor addition to the survey
substantial detail using the NSCG, B&B, or ACS data,
instrument allows for analysis of what ET bachelor’s
either in isolation or together.
degree holders are doing with their lives: what indusEngineering Technicians
tries they are working in, how much money they are
earning, and the characteristics and activities of their
Major Data Gaps
family members.
The rich data available on the education and employThe NAE report notes, for example, that ET bachment experiences of technologists and other bachelor’s
elor’s degree holders frequently do not work as engidegree holders are not available for engineering technineering technologists—a fact that is corroborated by
cians—individuals working in the engineering technolboth the NSCG and B&B data. Instead, they work in
ogy space who have less than a 4-year degree. This is a
management or information technology occupations or,
problem across the datasets highlighted above.
most commonly, simply as engineers.
• The NSF does not include STEM community college
The loose coupling between ET education and the
graduates in its survey of college graduates unless they
labor market raises many questions. For example, are ET
subsequently complete a 4-year degree program.
graduates actually working outside their field of study at
such high rates, or are survey and occupational coding
• Similarly, the Department of Education has no
methods just not sophisticated enough to tease out the
“Community College and Beyond” survey to match
difference between engineering technology and other
its “Baccalaureate and Beyond” survey.
related degrees or occupations (Kuehn 2016)? If ET
• As a nationally representative survey, the ACS includes
graduates are actually working in non-ET occupations,
a large number of associate’s degree holders but, unlike
what is the reason for that?
bachelor’s degree holders, these college-educated
Perhaps ET bachelor’s degree holders, given their
respondents are not asked anything about what subject
close association with technicians, are induced to move
$100,000
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they studied in community college. As a result, community college graduates with degrees in engineering
technology cannot be identified in the data.
Some federal surveys—such as the Department of
Labor’s National Longitudinal Survey of Youth and the
Census Bureau’s Survey of Income and Program Participation—do include information on the field of study
of respondents with associate’s degrees. Both of these
datasets are particularly valuable to researchers because
they are longitudinal and contain detailed information
on labor market experiences. Unfortunately, the number of individuals with associate’s degrees in engineering
technology in these surveys is small—in the dozens—
making them inadequate for forming a reliable picture
of the technician workforce.
Two pieces of the puzzle on technicians are, however, clearly addressed by existing data. Much is known
from the IPEDS about the kinds of sub-baccalaureate
ET degrees being produced. There are also household
surveys and employer surveys that allow for the implicit
separation of respondents employed as technicians from
those employed as technologists using information on
their educational attainment.3
What’s missing are data similar to the NSCG or
B&B that can be used to explore the interface between
ET education in 2-year institutions and the ET labor
market. The lack of comparable data for technicians
makes it impossible to answer even the most basic
questions about supply and demand, such as “how
many individuals working as engineering technicians
actually have a 2-year degree in engineering technology?” If technologists are any guide to this question,
the answer is likely to be a fairly low share for technicians as well.
But perhaps technologists are not a good guide for
understanding technicians. After all, 2-year degree
programs are often much more directly responsive to
employer demand than 4-year programs. Moreover,
technicians are, as an occupational group, better known
and less easily confused with engineers than technologists. The point is, in the absence of better data, any
answer is speculative.
3

The occupational coding used in most surveys does not separately identify technicians and technologists; they are recorded
as “engineering technicians and technologists.” To distinguish
between the two, researchers designate “engineering technicians
and technologists” with a 4-year degree as “technologists” and
those with less than a 4-year degree as “technicians.”

The lack of information about individuals with subbaccalaureate degrees and certificates in engineering
technology and STEM generally goes well beyond basic
questions about supply and demand. The NSCG has a
number of probing questions about work experiences
that are never asked of technicians. Such questions concern primary tasks on the job, receipt of and reasons for
on-the-job training, job satisfaction, and even reasons
for working outside a respondent’s field of study.
The Rise of Certificates

When the National Research Council published its
report on engineering technology education in 1985,
certificates were not even mentioned (NRC 1985). Circumstances have changed dramatically since that time.
As figure 1 shows, certificates are a major feature of the
ET landscape today. Although 2-year institutions are still
at the center of this workforce, it is now probably unhelpful to think of an associate’s degree alone as the defining
credential for the occupation. Engineering technicians
can have both associate’s degrees and certificates.

The lack of data for
technicians makes it
impossible to answer even
the most basic questions
about supply and demand.
One important limitation of the data on the increase
in the number of certificates is that while one can be
fairly certain that most individuals do not typically earn
two associate’s or bachelor’s degrees, it is quite possible
that an individual would earn two or more certificates.
The strong growth in certificate awards, then, does not
necessarily represent growth on the same scale in the
number of individuals earning certificates.
The growth in certificates coincides with and may
have been related to the Department of Labor’s Trade
Adjustment Assistance Community College and
Career Training (TAACCCT) grant program, which
furnished community colleges with approximately
$2 billion in grants awarded between 2011 and 2014.
A range of career and technical training fields were targeted, including engineering technology. Grantees were
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TABLE 2 Currently operating Advanced Technological Education (ATE)
Centers for engineering technology
ATE Center

College

State

Center for Advanced Automotive
Technology (CAAT)

Macomb Community College

Michigan

Southeast Regional Center for Laser and
Fiber Optics Education (LASER-TEC)

Indian River State College

Florida

Marine Advanced Technology Education
Center (MATE)

Monterey Peninsula College

California

National Research Center for Materials
Technology Education (MatEdU)

Edmonds Community College

Washington

Midwest Photonics Education Center
(MPEC)

Indian Hills Community College

Iowa

National Center for Optics and Photonics
Education (OP-TEC)

Network of Colleges

Texas

National Center for Supply Chain
Technology Education (SCTE)

Norco College

California

Southeast Maritime Transportation Center
(SMART)

Tidewater Community College

Virginia

National Resource Center for Aerospace
Technical Education (SpaceTEC)

Eastern Florida State College

Florida

Source: Data from www.atecenters.org/et/.

required to use a career pathways framework, which can
increase the production of certificates awarded at various points along the career pathway (Eyster et al. 2016).
Whatever its origin, the recent rise in the number of
certificates awarded is clearly an important feature of
ET education, although one that is probably even less
frequently acknowledged than the 4-year ET degree.
Steps Forward

Sub-baccalaureate Data Collection

The NSF clearly has interest in the sub-baccalaureate
STEM population generally and in engineering technicians and technologists specifically. Since 1993 it has
funded the Advanced Technological Education (ATE)
centers, which directly engage the sub-baccalaureate
STEM population in technological areas such as security, IT, energy and environment, and agriculture. Nine
centers focus specifically on engineering technology
(table 2).
The NSF has also funded many other projects pertaining to these workforces (including the recent NAE
report; Frase et al. 2017). It should consider taking the

next step and either include
a representative sample of
community college graduates in the NSCG or field
a separate survey of such
graduates in STEM. The
latter may be more useful,
since the sub-baccalaureate
workforce is a fundamentally different labor market in
many ways from the market
for workers with bachelor’s
and graduate degrees, and
may require a different survey instrument.
These suggestions to deal
with data gaps begin to
abstract from the engineering technician workforce
to the sub-baccalaureate
workforce generally. If new
federal datasets are to be
constructed, they need to
cover a broader set of degrees
and occupations than just
engineering technicians.

Policy Measures

More substantive policy priorities emerge from recent
research on ET education than simply that the federal
government should collect better data. Educators and
policymakers can make progress by (1) building capacity to respond quickly to shortages, (2) ensuring that
engineering technology becomes a vehicle for diversity
and inclusion, and (3) supporting the recent explosion
of certificate awards.
Although engineering technology is an essential and
underappreciated field, there are no clear signs that the
workforce faces general or persistent shortages (see Frase
et al. 2017, pp. 129–138). Nevertheless, some employers
run into trouble recruiting a sufficient number of technicians and technologists, and temporary or local shortages are always a risk. In the face of these uncertainties,
a better approach than manipulating the actual number
of engineering technicians or technologists would be to
instead build institutional capacity to respond nimbly to
changes in demand.
Capacity building was a major focus of the
TAACCCT grant program, to ensure that the impact
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of a grant would extend past the end of the grant period.
Capacity building is also at the heart of the ATE model,
which focuses on developing innovative instructional
programs at ATE centers that are then pushed out to
colleges. Continued support for the ATE program and
capacity building support through new grant programs
similar to TAACCCT can help ensure that employer
needs are met before large shortages emerge.
Another theme that emerges in the NAE report is
that ET students are more diverse than those in engineering, offering a potential vehicle for advancing equity and inclusion. Although roughly the same shares of
ET and engineering graduates are White, a higher share
of non-White graduates are underrepresented minorities (Frase et al. 2017, p. 60). More research is required
to understand why engineering technology is so accessible to these students, but it likely has to do with the
relative affordability and access to community colleges,
as well as the unintimidating use of mathematics in
the classroom. The representation of underrepresented
minorities is promising, and may suggest that engineering technology offers a valuable access route for them
into the STEM workforce.
Nevertheless, to be effective ET programs must
provide ample opportunities for interested students
to transfer or matriculate into other STEM programs,
including engineering science. The goal of empowering
underrepresented student groups would be undermined
if students ended up with restricted career options
simply because engineering technology was the most
welcoming STEM field when they first explored their
postsecondary education options.
Finally, educators and policymakers should embrace
the rise in ET certificate awards. Certificates—both in
career and technical education generally and in engineering and engineering technology specifically—are
valued in the labor market (Bahr 2014; Bahr et al.
2015; Dadgar and Trimble 2015; Jepsen et al. 2014).
Strengthening credential options can also increase
student completion of associate’s degrees, because
stacked and latticed credential programs and career
pathways make it easier for students to advance by
pursuing more manageable educational goals (Bailey
et al. 2015).
Conclusions

The recent NAE report considerably expands the
knowledge base on the engineering technician and
technologist workforce, but also highlights important

data gaps that hamper study and understanding of the
field. These data gaps are particularly notable for engineering technicians, who have less than a bachelor’s
degree. This sub-baccalaureate sector of higher education is already relatively neglected by policymakers and
STEM advocates, a neglect that is aggravated by the
poor data on these students and workers.
Good data matter because data guide educational
planners and policymakers, and better data are needed
on engineering technicians. Nevertheless, there are
more than enough data to take some important first
steps forward.
Educators and policymakers should continue efforts
to build the capacity for engineering technology education to respond to unanticipated demand growth.
They should also cultivate engineering technology
as an entry point into STEM for underrepresented
minorities. Finally, educators and policymakers should
be cognizant and supportive of the rapid growth
in ET certificates, and take advantage of the flexibility of this type of credential for investing in the
STEM workforce.

Engineering technology
students are more diverse
than those in engineering,
offering a potential vehicle
for advancing equity
and inclusion.
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Engineering and engineering technology should be seen
as two equal tracks in engineering.

Gateway or Gatekeeper

Engineering Technology as a Pathway for
African Americans into the Field of Engineering
Ron Dempsey

A workforce with technological knowledge and expertise is vital to the
continued growth of the US economy. Given the importance of the technological workforce to modern society’s economic growth and sustainability, the
acquisition of technological knowledge and expertise should provide a pathway to upward mobility for all—and there are some indications that it does:
Ron Dempsey is vice
president for university
advancement,
State University.

Winona

• Recent engineering graduates are paid higher salaries (NSF 2014) than
recent graduates from science, mathematics, and psychology and other
social sciences.
• Individuals with degrees in engineering are employed at higher rates
(Gearon 2012; NSF 2014).
• More chief executive officers of leading US corporations have degrees in
engineering than in other fields (SpencerStuart 2004).
• The field of engineering has provided upward mobility for individuals
from lower economic classes (Noble 1977; Reynolds 1991).
The exception, however, has been the experience of people of color, especially African Americans, who are disproportionately underrepresented in
the field of engineering. The problem exists not so much for the African
Americans who do gain access to the field as in the comparatively small
number who do.
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My research examines the role of engineering technology (ET) education in an engineering career, possible mechanisms that maintain racial exclusion from
engineering, and whether engineering technology is a
pathway or gatekeeper for African Americans into the
field of engineering. My findings suggest that engineering technology provides a pathway to engineering for
African Americans, but not without obstacles.

African Americans use
higher education for
upward mobility, but still
represent a small share of
bachelor’s degree recipients
in engineering.
Background

Crucial as engineering is to economic growth and innovative competitiveness in the global economy, it must
become more diversified. Evidence shows that “businesses and other organizations see a significant return
on their investment when diversity is achieved” (Bordonaro et al. 2000, p. 12). More generally, research
indicates that “a society’s exposure to cultural diffusion,
which leads to greater cultural heterogeneity through
the introduction of external cultural influences, played
a significant role in the promotion of innovation and
technological creativity throughout its history” (Ashraf
and Galor 2011, p. 75).
Yet historically, engineering has not embraced diversity, which suggests that its impact on economic growth
and innovative competitiveness has been hampered.
One study reports that the underrepresentation of
minority groups in science and engineering fields affects
the economic ability of the United States to be globally competitive (Leggon and McNeely 2012). There
is even evidence that its impact is actually negatively
affected by the “social destabilizing effect of cultural
polarization” (Ager and Brückner 2013, p. 96).
Exclusive Engineering Culture

Government reports (e.g., Bordonaro et al. 2000, p. 1)
have consistently implored the United States
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to cultivate the scientific and technical talents of all its
citizens, not just those from groups that have traditionally worked in SET (science, engineering, technology)
fields. Women, minorities, and persons with disabilities
currently constitute more than two thirds of the US
workforce. But just when the US economy requires more
SET workers, the largest pool of potential workers continues to be isolated from SET careers.

If engineering is vital to the nation’s economic health
and engineers have higher salaries and occupational
prestige, why are African Americans not pursuing engineering as a pathway to economic success and increased
quality of life? Although African Americans have been
successful in using higher education for upward mobility (Kozol 2005), they still represent a small share of
bachelor’s degree recipients in engineering (NSF 2013).
I posit that (1) African Americans are stymied in their
pursuit of an engineering degree by structural obstacles
such as educational pedagogy/methods, mathematical
expectations, cost, and scheduling, and (2) they find
that an ET program reduces those obstacles. Nonetheless, although engineering technology can provide an
alternative pathway to a career as an engineer, obstacles
still exist for those with ET degrees. For example, ET
degrees are considered inferior to engineering degrees.
Dual Pathways to an Engineering Degree?

In 1955 the American Society for Engineering Education’s Grinter Report on US engineering education
recommended a single pathway to an engineering
degree that included increased requirements in science
and mathematics courses as well as a move away from
applied engineering to theoretical engineering (ASEE
1955). But the report ignored the committee’s original
recommendation (ASEE 1953), which called for dual
pathways to an engineering degree: a scientific/theoretical path and a practical/applied path.
In earlier discussions (ASEE 1951), members had reasoned that only a select number of engineering schools
needed to offer the “professional-scientific” degree program and that the “professional-general” program would
provide the necessary education required for engineers
in industry. In rejecting the “professional-general” pathway, the ASEE leaders created a vacuum in engineering
education. Engineering technology filled that vacuum
and satisfied the committee’s intent for a practical/
applied/general educational pathway into engineering.
It is not, however, a parallel and equal pathway into
engineering.
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The Stratification of Engineering

In this article I review findings from my dissertation
research (not yet published), which used a three-tiered,
stratified structure as the conceptual framework of the
field of engineering. The three tiers are represented by
those with 4-year engineering degrees, those with 4-year
engineering technology degrees, and those with 2-year ET
degrees (who typically work as technicians and laborers).
Postgraduate employment access for each tier is based on
criteria such as degree completion, licensing, accreditation standards, discipline choice. These criteria are determined by groups such as accrediting bodies, university
engineering programs, and state licensing agencies.
The tiered structure of engineering emerged from the
formation of the technical institutions in the United
States. The three tiers were articulated in 1959 by Henninger (pp. 27–28), who recommended that, to supply
adequate personnel
[for] the three-part engineering-scientific team, we shall
require a three-part educational program: (1) The university-collegiate program for engineers and scientists,
(2) the technical institute program for the engineering
and scientific technicians, and (3) the vocational-trade
programs for the craftsmen and apprenticeship.

The second tier became engineering technology
and remains an understudied area of the field of engineering, but its impact on the three-tiered structure of
engineering is significant. The new NAE report on US
engineering technology education (Frase et al. 2017,
pp. 106–107) estimates that ET graduates working as
engineering technologists and technicians make up
17 percent of the engineering workforce. The report
also notes that many ET graduates work under the title
of engineer, so the percentage could be higher (pp. 126,
127, 134).
Literature Review

African Americans have found it difficult to establish proportional numbers in science and engineering
careers compared to their White American counterparts, especially White males. Research on underrepresented minorities in STEM fields sheds light on the
mechanisms behind this discrepancy (e.g., Hurtado et
al. 2009; Kaba 2013).
Limited educational resources at the secondary level
(Denson et al. 2010; Moore et al. 2003) impede some
Black (and other minority) students in their mathematical and scientific intellectual development and thus put
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them at a disadvantage in terms of both being accepted
into engineering programs and, if accepted, successfully
completing them (Slaton 2010).
Preparation in mathematics is key to success in engineering (Denson et al. 2010; Moore 2005; Pearson and
Miller 2012). Lack of such preparation, coupled with
low expectations among teachers and counselors about
Black students’ academic abilities, leads to lower standardized test scores as well as lower participation rates in
advanced scientific courses than their White and Asian
counterparts (Maton et al. 2012). In addition, there is
evidence that mathematics and other engineering concepts taught through abstract pedagogies may not be
conducive to the learning styles of some Black students
(McDougal 2009; NACME 2011b; Tsui 2007).
Black students face isolation in engineering programs
because of the lack of peers and role models (Beasley
and Fischer 2012; Maton et al. 2012). And, in part
because of their token levels of representation, many
face blatant discrimination from professors who hold
stereotypical attitudes and expectations that Black
students will fail or simply don’t “belong” in engineering (Carlone and Johnson 2007; McGhee and Martin
2011; Varma et al. 2006).

Black students earn 9 percent
of 4-year engineering
technology degrees—and
less than 4 percent of
engineering degrees.
No research has been published on the relationships
between African Americans and ET studies or careers,
but enrollment and graduation data point to a positive relationship. ASEE data indicate that, in terms of
their representation in the general population, African
Americans are significantly underrepresented in engineering but more proportionally represented in engineering technology (table 1). The National Action
Council for Minorities in Engineering reports that
African Americans account for 10.7 percent of the
total US workforce but only 2.5 percent of engineering
managers and 4.5 percent of engineers (including individuals with an ET degree who are hired as engineers).
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TABLE 1 Race of engineering technology and engineering graduates
(percent), 2014 IPEDS
Engineering technology
Total

Engineering

population

Less than
1-year
certificates

Associate’s
degrees

Bachelor’s
degrees

Bachelor’s
degrees

White,
non-Hispanic

62.1

62.5

63.1

63.6

61.5

Black,
non-Hispanic

12.4

14.8

11.4

10.7

3.8

Hispanic

17.4

12.3

13.0

10.0

9.6

Asian or
Pacific Islander

5.4

2.7

3.1

3.9

10.9

American Indian
or Alaska native

0.7

1.1

1.0

0.8

0.3

Other/unknown
races & ethnicities

2.0

5.8

7.4

7.2

5.8

I used IPEDS data2 to
examine and compare the
percentages of African
Americans who graduated
from engineering and ET
programs. This national
dataset yields a comprehensive picture of the racially
stratified field of engineering in the United States.
The data are analyzed
at the national, state,
and institutional levels
using both the Pearson
Chi-square Test of Independence and percentage
tables.
Results

Data Analysis

The IPEDS graduation data
show that Black students
graduate at a much higher
rate from engineering technology programs than from
engineering programs. In 2014 they accounted for nearly
11 percent of ET degrees (Frase et al. 2017, p. 60); in
contrast, they earned less than 4 percent of engineering
degrees—less than half the rates of Asians, Hispanics,
and nonresident aliens.
A similar pattern emerges at the institutional level.
The chi-square test showed the same strong evidence
of differences between Black and Asian students at US
institutions (N=128) that offered both engineering and
ET degrees.
At the state level, the IPEDS data reveal that 29 of
37 states had much higher rates of Black students who
graduated from 4-year ET programs than from 4-year
engineering programs.3 In the other 8 states Black students graduated at a higher rate from ET programs as
opposed to engineering programs but at a less significant
percentage.

Sources: Calculations from the 2014 IPEDS; population of institutions from NCES. Total population
shares are from the US Census Bureau. Adapted from table 3-6 in Frase et al. (2017).

In contrast, they account for 7.0 percent of engineering
technicians (NACME 2011a).
My research explores the following questions:
1. What is the role of engineering technology in providing a pathway for Black students into the field of
engineering?
2. What mechanisms act as gatekeepers to the
advancement of ET-degreed graduates in the field
of engineering?
Methods

Combining quantitative and qualitative methods, my
research draws on graduation data from the national
Integrated Postsecondary Education Data System
(IPEDS) dataset, state licensing criteria and requirements for the Principles and Practices in Engineering
(PE) exam, and surveys and semistructured interviews
of ET alumni from two institutions that are among the
top 10 producers of ET graduates in the United States.1

2
1 The

two institutions are Purdue University and Southern Polytechnic State University (GA) (now Kennesaw State). The study
received approval from the Georgia Institute of Technology’s
Institutional Review Board to conduct surveys and semistructured
interviews (IRB Protocol 14261).

The IPEDS data were retrieved from the Department of Education, National Center for Education Statistics, at http://nces.
ed.gov/ipeds/datacenter/datafiles.aspx.
3 Thirteen

states were not included because they had fewer than
10 Black students graduate from any engineering/engineering
technology program.
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Survey and Semistructured Interviews

I focus here on three questions from the survey and
semistructured interviews:
1. Why did you choose an engineering technology program over an engineering program?
2. Have you been hindered or encountered obstacles in
your career because you graduated with an engineering technology degree?
3. What is the future of engineering technology?
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Previous research (Denson et al. 2010; Moore et al.
2003) suggests that many Black students lack adequate
mathematical preparation in high school. All ABETaccredited ET programs require students to take up to
Calculus II, normally through standard mathematics
courses, but many ET courses embed advanced mathematics, connecting the engineering concepts with the
required mathematics. Such embedding helps students
who are more experiential learners apply the necessary
mathematics to the concepts they are studying.

Analysis of the responses is summarized below.4
(1) Why did you choose an engineering technology program
over an engineering program?
The primary reason given for choosing engineering technology was the hands-on, applied pedagogy of
the program. In addition to laboratory time, many ET
programs embed advanced mathematics in a particular
course where the engineering concept calls for it.
Other reasons for choosing engineering technology were related to access. Many ET graduates worked
while they attended college and found that, compared to engineering programs, engineering technology offered more flexibility and an orientation toward
adult learners. They mentioned both the flexibility of
taking courses in the afternoon or at night and the
costs—ET programs were offered at institutions where
tuition was less than at those offering strictly engineering programs.
African American respondents in particular cited
these practical reasons for choosing engineering technology (cost, flexibility, and hands-on, applied learning). They said they worked either part-time or full-time
while pursuing their ET degree, and they voiced a perception that most Black students need to work while
obtaining their degree and therefore look for options
that are less expensive and allow them to work during
the day and attend class in the evening. As one African
American noted, “I think that engineering technology
schools tend to see themselves as needing to serve that
after-hours crowd.”
In addition, most of the African American respondents felt that their learning styles were better served by
a more applied, experiential pedagogy. The lecture/lab
instruction in the ET programs allows students to make
concrete applications in the lab of the abstract concepts
presented in the lecture.
4 The

survey and demographic data are available on request.

The primary reason
given for choosing
engineering technology
was the hands-on, applied
pedagogy of the program.
(2) Have you been hindered or encountered obstacles in
your career because you graduated with an engineering technology degree?
Most of the respondents reported that graduates of
engineering technology programs are hired as engineers,
and the large majority of African American respondents
said that their ET degree has not hindered them in their
careers. Observations were based on personal experience, experience in hiring at companies, and interaction with engineering colleagues during their careers.
A substantial number of the respondents said that they
had never even encountered the position of engineering
technologist in their careers.
Respondents mentioned that their ET degree came
up when applying for a position or during the interview
process—they had to explain what the degree program
entailed or describe work done in previous positions.
Several respondents added, however, that once they
explained the hands-on experiential learning they
received with their ET degree, the employer actually
preferred them. One study interviewee said, “I’m in
marketing now, and the guys I work with today in the
shops and services, they favor the technology degree
more than they do the engineering degree.”
Respondents noted, however, that obstacles do exist
at the state and federal levels as well as in corporations
and individuals. At the state level, more than half do
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not allow ET degree holders to take the professional
engineering (PE) exam. Only 22 states allow a graduate with an ABET-accredited ET bachelor’s degree to
sit for the PE exam, and they all require 5–8 years of
work-related engineering experience, whereas the standard for graduates with an ABET-accredited engineering bachelor’s degree is 4 years.

engineering is a major hindrance to its development,
and that a clear distinction between the two programs
would benefit both engineering technology and the
field of engineering, especially in the area of diversity.
They specifically stressed the need for equality: The programs should operate as two equal options in the field of
engineering—a more scientific/theoretical option and a
more applied/practical option.

The federal government omits
engineering technology from
its qualification standard
and thus delegitimizes it as a
qualified degree program.

Conclusions

At the federal level, the Office of Personnel Management oversees the recruiting of individuals for federal jobs
and sets policy for hiring. The policy for engineers who
work for the federal government (GS-0800) states that
the basic requirement is a bachelor’s degree in engineering from an ABET-accredited program. By omitting engineering technology from this qualification standard, the
federal government, as a legal and authoritative national
entity, delegitimizes it as a qualified degree program.
At the corporate and individual levels, obstacles
include unequal job titles (and likely corresponding pay
scales) and prejudice from individuals with engineering
degrees. In the words of one survey respondent, “I’ve
held engineer positions in my career stints, however
there is considerable resentment from the engineering
school graduates when they find out about engineering
technologist graduates working as engineers. [They]
make it impossible to succeed as an engineer under their
management and direction.”
(3) What is the future of engineering technology?
The majority of the respondents were positive about
engineering technology’s future, although they qualified
that outlook with suggestions for the creation of equally
recognized dual tracks in the field of engineering or the
need to focus on applied fields. A minority believed that
engineering technology was obsolete, would eventually
merge with engineering, or would remain subordinate
to engineering.
Almost all the respondents believe that engineering technology’s inability to distinguish itself from

Scholars, activists, corporate leaders, and government
officials have sought multiple means to increase the
number of African Americans in engineering.5 Unfortunately, these attempts have not significantly increased
the percentage of African Americans in engineering
degree programs or the field of engineering.
The data reviewed in this article demonstrate that a
significantly higher percentage of Black students enroll
in and graduate from engineering technology degree
programs than engineering programs. My study findings
show that engineering technology is a viable pathway to
a career as an engineer, although regulatory and reputational obstacles sometimes keep ET graduates from
acceptance as full-fledged engineers by their engineering-degreed peers.
Maybe it is time to revisit the original recommendation of the Grinter Report and develop a dual-track
engineering education. The advantages of such an
approach include accommodation of multiple learning styles (applied versus theoretical, abstract versus
embedded mathematics), an educational system that is
more correctly aligned with industry, a flattening of the
engineering hierarchy, and, most importantly, a legitimized and equal pathway into engineering that better
aligns with the life experiences of African Americans.
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Education and workforce opportunities for engineering
technicians are available but require greater outreach.

Educational Pathways for
Engineering Technicians

High Schools and Community/Technical Colleges
Daniel M. Hull and
Mel Cossette

In 2007 the National Academies of Sciences, Engineering, and Medicine
Daniel Hull

Mel Cossette

released the report Rising Above the Gathering Storm (NAS, NAE, and NRC
2007), which challenged educators and policymakers to consider the consequences for the United States of not maintaining its edge in technology and
innovation. The report recommended rebuilding the US K–12 educational
system in science and math and encouraging more students to pursue careers
in science, math, and engineering.
Three years later the Academies followed up with Rising Above the Gathering Storm, Revisited: Rapidly Approaching Category 5 (NAS, NAE, and NRC
2010). This report expressed disappointment in the lack of progress toward
solutions to interest and further develop K–12 students in science, technology, engineering, and mathematics (STEM).
Since then significant national and state resources have been provided to improve STEM teaching and to attract more students to technical
careers. In the past 5–7 years, for example, federally sponsored engineering
technology (ET) initiatives have increasingly been funded through the
Career and Technical Education division of the US Department of EducaDaniel Hull is executive director, NSF/ATE National Center for Optics and Photonics
Technology (OP-TEC) in Waco, TX. Mel Cossette is executive director and principal
investigator, NSF/ATE National Resource Center for Materials Technology Education
(MatEdU) at Edmonds Community College in Lynnwood, WA.
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tion. Until recently, however, very few, if any, federal
or private efforts encouraged or provided hands-on
learning for students to pursue careers as engineering
technicians.
The Need for Engineering Technicians

Corporate laboratories and federal programs that develop
new technologies and applications—in defense, space,
medicine, and manufacturing, among other fields—
depend on technical teams of scientists, engineers, and
technicians. The scientists explore and characterize the
theories, the engineers design and test new equipment
and processes, and the technicians put the equipment
together, make it operate, and keep it working. Each has
unique knowledge, talents, and abilities—and all are
needed on the team. But too often there are not enough
qualified technicians to complete a team. In addition,
many technicians have only a high school education,
which is inadequate for their assigned responsibilities.

Enrollment in associate’s
degree programs at 2-year
colleges is low, posing the
threat that the programs
may be closed.
The primary source of new technicians is associate’s
degree programs at 2-year colleges. But student enrollment in most of these programs is low, which not only
results in too few graduates entering the workplace but
also poses the threat that the programs may be closed.
Critical shortages of engineering technicians are evident in many emerging technologies, such as optics and
photonics (Illich et al. 2012). Over 800 new photonics
technicians are needed each year, but the 35 US colleges with photonics programs are producing fewer than
400 new technicians (Illich et al. 2012). And although
the National Center for Optics and Photonics Education (OP-TEC) has, since 2010, restored seven photonics programs that had been closed, two others are being
closed because of low enrollments.
Many potential technician students are not aware of
interesting and rewarding careers as engineering techni-
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cians. They may also not know that US 2-year colleges
offer relatively low tuition and strong opportunities for
technician graduates to enter the workforce at annual
starting salaries exceeding $50,000. Furthermore, two
incorrect perceptions limit student enrollment in technician education:
1. “Technicians are just ‘gofers’ who run errands and
make coffee for the engineers and scientists.” The
reality is that technicians are the technical “geniuses” of the labs and the masters of the equipment. An
engineering manager needs well-prepared technicians as equal partners on the technical team with
engineers and scientists: the engineers who design
new equipment and processes often require technicians to make them work, improve them, and keep
them working.
2. “High school students who are not in the top 20 percent (i.e., among the achievers who are entering
universities) are stupid and can’t understand and
use math and science principles to work in technical
fields.” The reality is that many students in the middle quartiles of scholastic achievement are excellent
“applied learners” who can master the required math
and science if the subjects and principles are taught
in the context of how they are used and reinforced
through hands-on learning experiences.
Efforts to Broaden the Engineering Technician
Workforce

Financial resources for engineering technician education
are strategically provided to 2-year colleges through the
National Science Foundation (NSF) Advanced Technological Education (ATE) program. And several college
technician programs are using their current students to
assist in recruitment efforts (Hull et al. 2017). But stronger outreach measures are needed. The needs, strategies,
and exemplary models for accomplishing these recruitment initiatives are outlined in Career Pathways for
STEM Technicians (CPST) (Hull 2012).
Some successful strategies and programs for high
school students, postsecondary students, and adults are
described in the following sections.
Recruiting and Preparing High School Students

Most 2-year community and technical colleges conduct
broad outreach events and distribute information about
the college and its program offerings to interest students
in specific technician careers. They present informational handouts and materials that describe the techni-
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cal field and career opportunities, and create equipment
exhibits and social media postings (Hull et al. 2017).
In addition, in cooperation with high school math,
science, and technology teachers, the colleges create secondary/postsecondary courses that enable high
school students to earn both high school and college
credit for technical courses. The students gain confidence that the college program is achievable, increase
their motivation to continue their education beyond
high school, and reduce their tuition costs.
At the national level, Project Lead the Way (PLTW;
https://www.pltw.org) provides curriculum models,
course descriptions, teaching materials, and teacher
training to attract and prepare high school students to
take dual-credit courses leading to postsecondary studies
in engineering fields. The primary success of PLTW has
been to direct high school students toward BS engineering programs at nearby universities, but an alternative
path has been created to prepare high school students
for associate’s degree programs that can lead to careers
as engineering technicians.
The rationale, strategies, and curriculum models
for adapting the PLTW high school model for students interested in engineering technician careers are
explained in CPST (Hull 2012). This resource presents detailed articulated curriculum models in eight
engineering technician categories; tables 1 and 2 show
dual-credit courses (shaded) in photonics and nanotechnology.
It should be noted that neither of these programs
has the words “engineering technology” in the program
title, which is characteristic of many 2-year programs in
emerging technologies. For the recent NAE report Engineering Technology Education in the United States (Frase
et al. 2017), the committee (and the surveys conducted
for the study) focused only on programs with “engineering technology” in the title, thus excluding data for
programs in emerging technologies. However, the committee recognized that, although many 2-year technician programs may not use the specific term, there are a
number of similarities in the students’ math and science
coursework and problem-solving approaches.

difficult. A postsecondary internship program, for students who have completed a portion of their postsecondary education, can prepare qualified candidates with
the basic skills, knowledge, and interest to work in a
particular field by providing a structured experience in
a specialized technical field. It can help support students
financially as they progress through the academic program, and assist them in making professional contacts
for future jobs.

Postsecondary Internships

A structured, academic program involves a variety
of coursework, including general education (such as
college composition and mathematics) and technical courses (such as Introduction to Materials Science, Introduction to Composites, and Strength of
Materials).

Until quite recently the workforce consisted mainly
of senior technicians, with very few less experienced
technicians in the pipeline. Moreover, for certain fields
(e.g., materials science) uniqueness to the industry
made recruitment for qualified technician candidates

A postsecondary internship
program can prepare
students with the skills,
knowledge, and experience
to work in a specialized
technical field.
This information is appealing to both current and
prospective students because they see the possibilities
for future employment (Hull et al. 2012). And participating employers secure the advantage of selecting the
most qualified students to fill open positions.
With direct industry input, an internship program
can be a “win-win” scenario for all partners, featuring
low startup costs, positive corporate image, and a program that provides a pool of qualified laboratory technician candidates ready for hiring.
Criteria need to be established when working with
an industry partner to set up an internship; for example,
• Participating students must be actively enrolled in a
technical program.
• They must be in good standing in their academic
program.
• Student interns earn college credits toward their associate of applied science (AAS) degree.
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TABLE 1 Articulated high school/associate’s degree (AS) photonics technology curriculum structure
Soph 2

Elective

Soph 1

Elective

Fresh 2

College Algebra

Fresh 1

Humanities

Laser Devices

Laser
Electronics

Laser
Measurements

Social Science

Trouble Shooting
and Repair
Techniques

Laser
Technology

Laser
Components

Physical
Science

Computer Aided
Design

Geometric
and Wave
Optics

Programmable
Logic
Controllers

Physical
Science

Analog Devices

Introduction
to Lasers

Electronic
Devices

College
English

12th grade

Algebra 2
w/Trig

English 12

Government

Physics

Health

Elements of
Photonics

Circuit
Analysis

11th grade

Math
Applications

English 11

American
History

Chemistry

Physical
Education

Fundamentals
of Light and
Lasers

Digital
Electronics

10th grade

Geometry

English 10

World History

Biology

Physical
Education

Foreign
Language

Principles of
Engineering

9th grade

Algebra 1

English 9

Geography

General
Science

Physical
Education

Foreign
Language

Intro to
Engineering
Design

Source: Reproduced from Hull (2012).

TABLE 2

Articulated high school/associate’s degree (AS) nanotechnology curriculum structure

Soph 2

Nano
photonics

Biofuels

Energy

Nano biotech

Micro
electronics
Operation and
Fabrication

Soph 1

Precalc

Disciplinary
Lab

Nano
materials

Nano
electronics

Fresh 2

Statistics

College
Chemistry

College
Physics II

Student
Lab I

Fresh 1

College Algebra

Writing and
Research Skills

College
Biology

College
Physics I

12th grade

Algebra 2
w/Trig

English 12

Government

Physics

Health

Intro to Nano
biotech

Fundamentals
of Nano II

11th grade

Math
Applications

English 11

American
History

Chemistry

Physical
Education

Principles of
Nanotech

Fundamentals
of Nano I

10th grade

Geometry

English 10

World
History

Biology

Physical
Education

Foreign
Language

Principles of
Engineering

9th grade

Algebra 1

English 9

Geography

General
Science

Physical
Education

Foreign
Language

Intro to
Engineering
Design

Source: Reproduced from Hull (2012).

Manufacturing
and Quality
Assurance
Biotech Ag
Materials
Characterization
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A team representing the NSF/ATE National
Resource Center for Materials Technology Education
(MatEdU), the Boeing Company, and Edmonds Community College developed an internship program that
supports the degree program, students, and industry.
The team worked through various points: the existing need for materials science technicians; goals of
the internship program; benefits/return on investment;
strategy for implementation; plan to completion; and
internship format.
Recruiting and Preparing Adults

Four categories of adults should be considered when
examining pathways to technician education programs
at 2-year colleges.
Adults with No College Experience
Adults who did not attend college after completing high
school may work in a low-skilled occupation or in a nontechnical field that has not required knowledge or skills
in mathematics and/or science. They may learn about a
technician career and become interested through exhibits and demonstrations at community events. College
recruiters who exhibit and demonstrate at these events
provide information about both technician careers and
employers in their region who hire technicians. In addition, many 2-year colleges have career coaches who
meet with interested applicants, provide information
about the field, and explain the college requirements to
enter and complete an associate’s degree.
Often, these adult applicants need remedial courses
in math or science to prepare for the technical curriculum. To develop their interest and enthusiasm for
the ET major, such courses may include a single-credit
“technology overview.” When possible, these students
are also invited to participate in “ET clubs” where they
meet and are mentored by advanced students in their
technology field.
Students at a 2-Year College
Who Have Not Declared a Major
Over 50 percent of students attending a community or
technical college do not declare a major during their
first year. This lack of direction often results in a lack
of motivation to complete required courses, resulting in
high dropout rates.
To capture the interest of such students and provide
information about careers in the selected field, faculty
in engineering technician programs at some 2-year col-

leges assign their students to create technical equipment
demonstrations that are then displayed in convenient
campus locations, like the cafeteria or athletic field
house. Further information and courses required for
admission to the technician program are provided by
the college career coach.
Working Adults Who Require More Education or
Updated Knowledge and Skills
Because of the high demand in certain emerging technologies and the changing nature of technologies,
workers may be reassigned to engineering technician
positions and require education and retraining. If a
reassigned employee has been a technician in a related
field, only technical courses in the specialized area are
required. If the person’s proficiency in required mathematics (algebra, trigonometry, statistics, etc.) is not
adequate to understand the new technology, math
courses or focused video tutorials are required.
A technician who has received education and training in an emerging field typically receives a certificate
of completion for the specialization.

Many veterans have
specialized training to
operate and maintain
cutting-edge technical
equipment, and are
interested in continued work
in civilian technical fields.
Returning Veterans Preparing for a New Career
In the past several years colleges have increased their
outreach to military veterans who are returning to civilian life and need career preparation. They conduct open
house events specifically for these veterans to learn
about educational opportunities that will prepare them
for careers as engineering technicians.
Many veterans have received specialized training
to enable them to operate and maintain cutting-edge
technical equipment, such as guidance and tracking systems, drones, digital control systems, and laser

32

The

BRIDGE
them to receive advanced
standing in introductory
math, science, and technical courses.
Veterans interested in
pursuing an associate’s
degree in a field of engineering technology may
meet with the ET faculty
and the college’s career
coach to determine opportunities and requirements
for admission.
An example of outreach
material to interest returning veterans in a career as
a photonics technician is
shown in figure 1.
From Associate’s
Degree Engineering
Technician Programs
to BS Engineering
Programs

Good technicians are
usually “applied learners” who can master the
required math (e.g., algebra, trigonometry) and science required for them to
understand the technical
courses. They are typically
not “abstract learners” who
can easily master theoretical mathematics such as
calculus (engineers who
design equipment, systems,
and processes are required
to master calculus-based
science as a prerequisite
for advanced engineering
courses).
Colleges occasionally
attempt to link associate’s
FIGURE 1 Information brochure for Air Force veterans interested in photonics technology.
degree ET programs to BS
weapons. They not only are interested in continuing
engineering programs. This approach has at least two
to work in these technical fields but also have useful
significant limitations:
knowledge, skills, and experience. Frequently, their
1. Associate’s degree ET programs do not require
military education/training and experience enable
advanced math courses (such as calculus) or science
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courses (such as physics) that require advanced math.
Completers of ET associate’s degree programs who
wish to transfer to a BS engineering program will be
required to complete the advanced math and the calculus-based physics courses before they can enroll in
the engineering courses. For many technicians, this is
like starting over in their educational preparation.
2. If a college’s ET associate’s degree curriculum includes
advanced, abstract mathematics and science, excellent candidates for engineering technicians will be
excluded, because they are not typically abstract
learners. These courses are not necessary in AS degree
programs, because most technicians will not be working in design assignments where the advanced math
and science are required.
Conclusion

Engineering technicians are a vital part of the US technical workforce. But K–12 schooling and 4-year higher
education do not fully appreciate or support pathways
to engineering technician associate’s degree programs.
Consequently, many capable high school students who
have not demonstrated proficiency in math and science—because they are applied learners—are denied
the information and encouragement to enter AS degree
programs in engineering technology. This has dual negative consequences: these students are deprived of the
opportunity to enter rewarding careers as engineering
technicians, and the technical workforce is deprived of
the valuable contributions they can provide.
Educational and career pathways for engineering
technicians need to be fully developed and used, not
only for secondary school students but also for adults
and returning veterans.
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An Interview with . . .
Ioannis Miaoulis

On my first day at Tufts, I actually came to the Museum of Science because during the orientation they had
a language exam that I didn’t have to take because I
already had a second language. So I had a free day. That
was my first time at the Museum of Science.
I didn’t know what kind of engineering I was going
to study but on my second day at Tufts I met Lloyd
Trefethen, who became my undergraduate advisor. He
invited me to his lab because I told him I wanted to see
what he was doing. He was doing a lot of fluid mechanics surface tension work using a high-speed camera that
back then was a special thing.
When I went to his office he had a glass of water
and a pipette that he was squeezing and droplets of
water were falling into the cup. I didn’t know what
surface tension was. He asked me, “Do you know what
the shape of a droplet is?” I had seen enough cartoons
to say, “It’s like a teardrop.” And he said, “Well, let’s
see.” He took the high-speed camera and videotaped
it—and of course they were spheres. I thought, ‘Wow,
this is really cool.’ And that’s how I picked my major,
mechanical engineering, and fluid mechanics as
my specialty.

Ioannis Miaoulis, Director, Museum of Science, Boston. Photo

RML: You spent your academic career at Tufts.

credit: Michael Malyszko.

RON LATANISION (RML): For this column we
interview engineers who have affected culture in a
number of ways. I can’t think of an institution that
represents more of a cultural icon in Boston than the
Museum of Science.
IOANNIS MIAOULIS: Thank you.
RML: That’s why we wanted to talk with you. Is your
background in civil or mechanical engineering?
DR. MIAOULIS: Mechanical.
RML: Where did you study?
DR. MIAOULIS: I came to study in the United
States. I applied only to Tufts University, early decision,
because I wanted a good engineering school in a liberal arts environment. A lot of technical schools have
a liberal arts environment now, but back then, in 1980,
there were technical schools and very few engineering
schools in a liberal arts environment.

DR. MIAOULIS: I finished my graduate degree there
in three years, and I did two big research projects. One
was on solar energy—storing heat for solar energy by
drying zeolites and other compounds, dehydrating them,
and storing the heat by keeping them sealed. Then you
add water and get the heat back. It’s a cool way to store
heat for an indefinite amount of time. My other project
was on turbulent flows using electrostatics.
I went to MIT for my graduate studies in mechanical
engineering. Bora Mikic was my advisor. I also got into
the School of Architecture because when I was at Tufts
I became interested in architecture, but it was impossible to do both degrees at once. So, although I got a
scholarship in it, I decided not to do architecture.
I started researching thin films with Bora Mikic. I
wrote two papers for the Journal of Applied Physics, and
everything was going well. Bora wanted to keep me for a
PhD. Then my project advisor at Tufts for my turbulent
flows project got a large grant from NSF to build a big
experiment to continue my research. He called and said,
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“Do you want to come back to Tufts?” It was an offer I
couldn’t refuse: I had a big laboratory, two or three master’s students working for me, big money for the research
project, and I loved Tufts. So I left, much to Bora’s disappointment—he couldn’t believe that somebody left
MIT to go back to Tufts.
I did my PhD and a master’s in economics at the same
time because when I was at MIT I became interested in
entrepreneurship. I finished them in 2½ years, and in
1986 I was ready for a job. But I didn’t know what job
to do. I loved Tufts. Bain & Company and Polaroid were
trying to recruit me, but I thought it would be cool to
be a professor.
I applied to a few places and some good universities
were interested, but I really wanted to stay at Tufts. But
there was no position open. Suddenly, the heat transfer
guy—it was a small department—had a family emergency and had to go back to Iran. So they asked me, “Would
you like to stay for a year until he comes back?”
I started teaching and doing research, thinking it was
a one-year appointment, although my hope was that he
wouldn’t come back. He didn’t, and they had a national
search to hire somebody. I ended up being their choice.
Later, when I became dean, I opened the drawer and
found out I was their fourth choice. [Laughter] But I
wasn’t proud, I got the job. I was very happy.
RML: One thing about the wisdom of their decision is
that you grew into the job of dean of engineering.
DR. MIAOULIS: Yes, I became dean at age 32. Actually it was kind of awkward because most of the faculty
that should have reported to me (as much as faculty
report to the dean) used to be my professors. It worked
great with most but some didn’t like the fact that now
I was going to tell them what they were supposed to
be doing.
RML: That was about the time you and I met. It was
during the Massachusetts education reform. I was at
MIT. There was a lot of university involvement with
the State Department of Education as reform went forward here in Massachusetts.
DR. MIAOULIS: Yes. I was living in a small town
west of Boston, where I became very involved with the
schools, even before I had kids. I was helping with their
science curriculum, and I brought some of my colleagues
into it. When I had kids it became even more interesting to me, and I started the K–12 Science Outreach
Program in the Tufts Engineering School.

So I started as a faculty member in 1987, I started
the K–12 activities in school in 1988, and in 1992–93
I became dean. By then, Tufts was one of the most
active K–12 outreach places in the country. When I
became dean I could set some priorities, and I decided
this was going to be an area of importance.
RML: What motivated you to do that?
DR. MIAOULIS: I took a wrong turn. [Laughter] We
had bought our first house and I was trying to find a better way to get to Tufts. This was one of the first weeks
we were there, and I took a wrong turn and ended up in
the parking lot of the town middle school.

I did my PhD in mechanical
engineering and a master’s
in economics at the same
time because I got interested
in entrepreneurship.
Back then, there was this craze with superconductor materials. In my research at Tufts, my students were
making thick films of these materials, and we were trying to use zone melting recrystallization to recrystallize
them without losing their superconducting properties.
We were successful, believe it or not.
These materials were pretty cool: you could keep them
in liquid nitrogen and put a magnet on top and it would
float in the air. It’s a good way to engage young people.
There in the school driveway I thought, ‘Maybe the
kids would be interested in seeing these cool materials.’
I got out of the car and met the principal. I said, “I’m a
new professor at Tufts and a new town resident. Would
you be interested in me coming and talking to the kids
about this stuff?” He brought down the 8th grade science teacher, who said, “Yes, this would be super.”
I spent the week with my students, a nine-member
undergraduate research team, developing hands-on
activities for the children so they could understand the
physics behind the superconductors.
So here I am, doing my show with the kids, the first
time ever I was teaching kids at that level, and the
first time I was in a coed school because in Greece I
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I started getting involved
with the school. The laboratories were in miserable
condition, as most schools’
laboratories are. I was pretty
good at writing grant proposals, and the first ask was
to the PTA. I made the case
that, instead of bringing the
same flamenco dancers for
the third year in a row, why
don’t you spend the money
to get microscopes for the
school? They thought it
was a good idea, so we got
microscopes.
Then we started getting
some state grants. We got
an Eisenhower grant and
In the Museum’s Design Challenges section. Photo credit: Nicolaus Czarnecki.
some NSF grants. Then I
went to an all-boys school. As I was doing my stuff, I
got the Young Presidential Investigator Award, which
noticed a girl, with blonde frizzy hair, in front of me.
was amazing money—about half a million dollars that
She was taking notes, very intent on everything I said.
could be matched to do anything I wanted.
At the end of my talk the kids were excited. I could
I did a lot in education using some of that money, and
tell it went well. The teacher brought three boys toward
I got half a million from the Pew Charitable Trust. After
me and introduced them. “These are my science boys.
five years the school had the most amazing laboratory in
You may want to work with them.”
the world, state of the art. I brought in $2 million for a
The girl sees the science boys coming, cuts right
school that had 450 kids (back then it was more money
in front of them, and says, “Dr. Miaoulis”—she prothan it is now).
nounced my name—“can you help me with my science
I was bringing colleagues to help with the science fair,
project?” Now, I had not signed up to help anybody with
to do experiments, and that’s how the Tufts K–12 protheir science project, but what do you say to the kid? I
gram started—from a wrong turn!
said, “What do you want to work on?” She was 13 or 14
By the way, the girl—because you may be wondering
years old.
what happened to her—went on and graduated at the
I had brought an example to explain the concept
top of her class from the regional high school. She got
of electrical resistance by referring to drinking a milkinto Haverford College, a great school in Pennsylvania,
shake through a straw. She said, “I want to do a projand majored in biology and history. Then she went to
ect on how a milkshake travels up a straw,” which is a
Tanzania, started her own foundation to raise money
pretty cool fluid mechanics project. While I was talkand design and build science laboratories for children
ing with her the teacher came and pulled me aside and
there. About six years ago she handed off the foundawhispered, “Don’t waste your time with her. She’s going
tion to a local who still runs it, and she came back to the
to be nothing in science. You should work with my sciUS for her PhD at Stanford. Now she’s a tenure-track
ence boys.”
professor at the University of Minnesota.
Of course I helped her with the science fair project.
RML: Terrific. That gives a lot of perspective on the
And of course she won first prize. [Laughter] Not only
evolution of the Museum’s National Center for Techthat, girls never used to win the science fair at this
nological Literacy.
school. In five subsequent years, girls won because they
knew “Jenny won the science fair so we can do it too.”
DR. MIAOULIS: That’s what started it. And what
So the whole thing changed.
started the engineering part of it was a conversation
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with Bernie Gordon about potentially funding this
K–12 Science Outreach Program. He got very upset and
said, basically, if you want kids to learn about the world
around them, you should focus on engineering, not the
natural world.
That inspired us to open our eyes. I realized the K–12
science curriculum was 98 percent about the natural
world, which is actually 2 percent of our experience.
The engineered world is 98 percent of our experience
but it’s not part of the curriculum. So in 1995 we tried to
introduce engineering in the curriculum as a regular discipline for students starting in kindergarten. The same
way kids learn about the inquiry process—how a scientist discovers—they should learn about the engineering
design process. That was the idea—not to get rid of the
natural world education but to have a balanced part of it.
RML: You actually create curriculum now—
DR. MIAOULIS: At the Museum, yes. My goal was to
have engineering in American schools by 2015. Don’t
ask me how I picked that number. But it was very, very
difficult to convince schools to include a new discipline,
engineering.
RML: Yes, there would be a natural reluctance because
of the already crowded schedules.
DR. MIAOULIS: Exactly, but the schedule is crowded
because it includes a lot of junk. We discovered that the
US curriculum had been decided in 1893 at Harvard by
the Committee of 10—President Eliot1 was in charge
of the process—and they left engineering out for two
reasons.
First, most engineering back then was farming engineering. The kids were growing up working on farms and
learning that stuff at home, so there was no need for a
separate engineering discipline. Second, Eliot was totally against anything of a practical nature. He thought
that Harvard men should not get their hands dirty with
engineering and such things. Actually, he shut down
Harvard’s Engineering School. It just reopened in this
decade.
So engineering was left out as technology took off.
And now we have reached the point where kids have no
clue how a car works or a plane flies or a toilet flushes,
but they know how many legs a grasshopper has and
how to dry leaves between contact papers!
1

Charles William Eliot was president of Harvard from 1869 to
1909.
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Anyway, we started this in 1995, and in 1998 we got
a big break. The Massachusetts Commissioner of Education, David Driscoll, decided to refresh the science
standards and he asked me to be on the committee. I
thought, ‘This is an opportunity because if we put engineering in the standards and we test it, they have no
choice but to teach it.’ It’s not a nice way to do it, but it
was the only way to do it. So I told David, “I’m going to
put in engineering,” and he said, “If you can convince
the committee….”

The engineering world
is 98 percent of our
experience but it’s not part
of the K–12 curriculum.
This process took two years, but on Thursday, December 20, 2000, I made the presentation to the state Board
of Education, and Massachusetts became the first state
to have engineering in its standards and test it. And
that started the whole movement of engineering in
schools in the United States and in the world.
Of course, I was naïve. I thought that if Massachusetts did it, other states would do it. It was exactly the
opposite. Also, universities compete with each other,
so I couldn’t get enough university partners to make it
happen.
That’s where the Museum came in. It was looking
for a new president around that time, 2001–02, because
David Ellis, my predecessor, was retiring.
They wanted to introduce engineering into the
Museum as an equal to science, because the Computer
Museum had merged with the Science Museum, and a
lot of the Computer Museum trustees who were engineers became trustees of the Science Museum. I was
recruited to introduce engineering in the Museum.
I quickly realized that this would be a great platform
because it could affect the museum world and promote
engineering to the general public. And museums are
great places to form partnerships with universities. So I
made the move in 2003.
The first thing we realized is there was almost no curriculum. There was some high school stuff, but there was
nothing at the elementary school level. We thought you
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should start early in education, so I recruited some superb
folks from Tufts that used to work with me, and we hired
some new people and started creating curriculum. Now
our curriculum has reached over 13.5 million kids.
RML: How many folks are involved?
DR. MIAOULIS: Counting everybody involved in the
K–12 Outreach Project here at the Museum, 50. We
have the biggest engineering production facility for engineering curriculum for young children in the world—we
reach millions and millions of children. Remember, the
goal was to introduce engineering into US K–12 schools
by 2015, but now we are operating worldwide.

The
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So the first thing we do is advocacy. The second
thing is curriculum development. Our main product
is Engineering Is Elementary. It’s a pretty cool curriculum that my colleague Christine Cunningham and her
team have created. It consists of 20 units, each tied to
a story that features a fictional child from a different
country. There are 11 girls and 9 boys, all colors, some
with disabilities—a girl in a wheelchair, a blind child, a
child with Down syndrome. Each kid tells a story that is
realistic and has something to do with a different field
of engineering—materials, transportation, geotechnical, civil—and for each story we consult with people
from the country to make sure it’s culturally accurate.

RML: Is the curriculum you generate for sale?
DR. MIAOULIS: Yes, and the proceeds go into developing more curriculum and programs. Let me tell you
how we have structured the whole initiative, and then
we can focus on the curriculum.
We tried to introduce engineering in our Museum
and others. For example, we got the largest grant NSF
has ever given to a museum: $43 million to introduce
nanotechnology to the general public through a 10-year
initiative. We worked with over 200 museums and 300
other partners that introduce technology and engineering components in their programs and curriculum.
CAMERON FLETCHER (CHF): Are these all US
museums, or elsewhere?
DR. MIAOULIS: Mainly US, but we work with other
museums around the world, and universities too.
For the school work, I do a lot of advocacy. It’s not
that essential any more because engineering is part of
the school curriculum in most states. If you look at the
Next Generation Science Standards, engineering is
there, and we are partially responsible for that.
Our main focus is always the US, but advocacy is
shifting more to the international level. We have two
lobbying firms in Washington, DC that work for us, and
we have a full-time staff member in DC whose job is to
make sure that engineering is in every piece of relevant
education legislation and every funding initiative. I testified to Congress and the Senate a number of times for
that. We do it at the federal and state level, so, as each
state is moving toward changing its curriculum, we try
to work with them to introduce engineering.
As for the international level, that’s why I was in
Thailand last week, and in Holland before that, and in
France and Greece before that. I’m on the road a lot.

Cover of an Engineering Is Elementary storybook.

We have a little girl from India who talks about her
turtle who is getting sick because of the bad quality of
drinking water. Her mom, an environmental engineer,
builds a filtration system that saves the turtle.
We also connect the story with a traditional science
unit. The turtle story connects with the water cycle.
So instead of teaching the water cycle from the dreadful poster that everybody remembers from 3rd grade,
you start with a real problem: the turtle is sick. Now
the water cycle becomes relevant because you have to
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figure out how the whole thing works. The teacher goes
into the science of it as well as the engineering, and
the culminating experience is the engineering design
process, which is standard for all the books. Each unit
comes with a kit with inexpensive materials to build
a filtration system or a bridge or a windmill using the
engineering design process.
RML: That’s fantastic. I wonder, when you talk with
teachers and they go back to their schools and talk to
administrators and say they want to introduce something new into the curriculum, do they ever come back
to you and say, “Well, we have to give up something,
what would you recommend?”
DR. MIAOULIS: We have designed the curriculum in
a way that could replace the old way. So it’s not an addition to the curriculum, it’s a supplementary curriculum
that incorporates the science curriculum. Some teachers do one, or two, or three units a year.
RML: I’ve heard many of the arguments—how do you
fit something new into the curriculum, there aren’t
enough trained teachers—but I think the fundamental
issue is that you’ve got to decide what’s important. Once
you decide what’s important, you figure out how to do it.
DR. MIAOULIS: Exactly. That’s an engineering
approach.
This enriches the curriculum. It’s been funded by
NSF, Intel, Cisco, Oracle—it’s probably the most well
prepared curriculum ever developed simply because we
had the money to develop it and perfect it. It’s so well
researched and fine-tuned. Teachers love it.
We’ve found that it’s more effective for kids that come
from underprivileged areas than wealthy kids. This is
because kids from privileged areas—like my kids, both
my daughters are mechanical engineers—have encouragement and guidance at home. So when physics is boring, somebody is telling them, “If you refuse to do your
homework, you can’t do this or you can’t do that.” If
kids don’t have support at home, they give up science.
Our curriculum shows how you can use science by doing
engineering and solve real problems. This inspires all
kids, and research has shown that it has a larger effect
on kids from underprivileged schools.
RML: This serves a number of purposes: It introduces
kids to engineering, and it also addresses the issue of
technical literacy. In today’s technologically intense
world, many people don’t understand, for example, that
when they send an email message the chances are that

somebody else can read it, even someone they don’t
want to read it. People do not have an appreciation of
all this and I think it’s important that they do.
DR. MIAOULIS: We are expanding our offerings to
cover all aspects of technological literacy in preK–12.
We’re just finishing our middle school curriculum. We
have a high school curriculum, which many schools in
the US and now schools in Thailand started using. And
we’re developing a preschool curriculum for very young
kids, called Wee Engineer!

We’re developing a
preschool curriculum for
very young kids, called
Wee Engineer!
We are also creating a modified curriculum with
simpler English for English language learners, either in
the US or foreign countries. Private schools in Greece,
Thailand, and Denmark, for example, are interested in
the English curriculum. And we’re starting to develop
a K–3 computer science curriculum, for computational
literacy.
In addition, we offer professional development. We
have trained 135,000 teachers from around the world.
CHF: Do they come here for that training?
DR. MIAOULIS: No, we train the trainers. We have
a lot of support on the Internet. For example, every unit
has a video on the Internet demonstrating how it works
in a real classroom—with real teachers, not actors. This
is very useful for teachers, who see how it actually works
with kids. And other materials come with it.
With our teacher training, we’ve gone from 100 teachers and 2,000 students to 135,000 teachers and over
13.5 million students in nine years!
CHF: And in addition to these specifically educational
endeavors, you’re doing a lot with science communication—I see you’ve got a research communication laboratory and others.
DR. MIAOULIS: Yes. One of the problems we’ve
seen, because we work with so many universities, is that
there are a lot of brilliant faculty members and students,
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graduate students primarily, who do very creative work,
but they cannot communicate it to the layperson.
We’re very good at that because that’s what we do.
We take complex discoveries, especially in our Gordon
Current Science and Technology Center, and translate
them to be as exciting for an elementary school student
as for the person with a PhD. We have programs where
we coach primarily graduate students on how they can
communicate complex information.

We have programs where we
coach graduate students on
how they can communicate
complex information.
RML: On another point, I know Michael Bloomberg
gave the Museum a major contribution a couple months
ago. He grew up in Medford and had a very deep affection for the Museum (according to the account in the
Boston Globe). What are your thoughts on how that
$50 million dollar gift will be used?
DR. MIAOULIS: Let me tell you a bit about why he
gave the gift. As a kid, he used to come to the Museum
every Saturday. According to him, this is the place that
inspired him toward science and engineering. He’s an
engineer 2 and this is the place that encouraged him to
ask questions and gave him confidence. Obviously he is
very successful, and he has a love for this place, and he
wanted to connect to his parents, who are the ones that
encouraged him to come here, which is why his gift is
in his parents’ name.
His foundation wanted to make sure the gift would
have not only local reach but also national and international. They were very impressed with what we do
here—all the programs, especially the engineering programs, and our reach throughout the nation and the
world—and wanted to structure the gift to support the
Museum’s education mission.
There’s an endowment of $40 million that supports
the Museum’s education enterprise, both ongoing and
new programs that we develop. And about $10 mil2 Bloomberg got his BS degree in electrical engineering from
Johns Hopkins University.
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lion goes to support new initiatives such as our Computational Thinking programs and our Future of Food
exhibit and program creation.
You know my passion for food and cooking. It seems
that everybody’s interested in food these days—there’s
something on every TV channel—but there’s no institution that reaches a large number of people that you
can go to and learn about food. There are great places
like the Culinary Institute of America and Le Cordon
Bleu, but you have to take a class. Or at Johnson and
Wales University you have to be a student. There’s no
informal place.
There is a small food museum in New York in Brooklyn, and there’s a smaller museum of southern cooking
in New Orleans. That’s it. There’s a new museum of
wine in Bordeaux that is very impressive; I highly recommend it. But there’s nothing on food in general.
I would like the Museum of Science to become a
major player, or the major player, in presenting food to
the public—the whole spectrum: the science of cooking, technology of cooking, environmental issues of
growing food, sustainability, health issues, obesity, malnutrition….
We’re having a charrette now, bringing people from
all over the world to advise us on what sort of programs
and exhibits we should have. Do you know Andrew
Zimmern from “Bizarre Foods” on TV? He’s a cool guy
and is going to be one of the people running the charrette. He travels all over the world and brings culture
with food.
Another component of the Bloomberg gift is a venture capital fund, an innovation fund, that we will
use to build new traveling exhibits that will generate
revenue that can then be used to create new traveling exhibits. For example, Pixar was our first computer
science exhibit, and it was a huge success. It’s traveling nationally now, and we’re going to use the funds
to build Pixar 2, which would travel internationally for
computer science. The proceeds will go to create our
next traveling exhibit. These are some ways the funds
are going to be used. It was a wonderful gift.
CHF: Where do you see yourself and the Museum in
10 years?
DR. MIAOULIS: We have a 10-year plan for the
Museum. I’ve mentioned quite a bit of what we’re
planning to do, such as the food initiative and computer science. Of course, engineering will always be a
main focus.
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In 10 years, hopefully we will be a major player internationally—we already are, but even more. We will be
totally in the US and will also affect other countries.
CHF: What would that look like?
DR. MIAOULIS: Our curriculum in hundreds of thousands of schools, a strong engineering presence in museums, maker spaces all over the place that focus more on
engineering. Everybody would know what engineering
is, and the brightest kids would consider it as a career
and appreciate it. That’s what I hope to see worldwide
in 10 years. It’s starting to happen in the United States;
I think we can do more internationally.
Also, as demographics change and what are now
minority groups become majority groups, we’ll have to
make sure that we transform the things we do here and
in other museums, to be engaging and relevant to different ethnic groups. Many of them now don’t go to museums. It’s not necessarily a money issue, it’s a cultural
issue, so we’ll have to become more relevant.
CHF: That seems to be part of what you’re accomplishing with the Engineering Is Elementary books.
DR. MIAOULIS: Exactly. The curriculum is international and multicultural.
Also, we do a very good job at engaging girls and
young women in the Museum, but one of our goals in
10 years is to do an outstanding job
These are all parts of our 10-year plan. And a significant part of it is to transform the Blue Wing of the
Museum. We have excellent exhibits now, but they
don’t give a big picture. Our plan is to transform it so
that the bottom floor would be Imagining Future and
Past Worlds—imagining past worlds with dinosaurs,
and imagining food in the future or a journey to Mars.
The main floor would be the engineering floor—anything from maker spaces to the effects of technology in
life. And the top floor will be science, discovering our
natural world—there will be imagining, creating, and
discovering and how they all connect with each other.
We’ve done a lot on the left side of the Museum. We
have the Hall of Human Life, which is probably the
most spectacular human biology exhibit in the world.
We raised $27 million just to create this exhibit during
the middle of the recession. That was not easy, but we
did it. And the exhibit is very cool.
RML: I can testify to that. There are some really wonderful exhibits here. My grandchildren love the Butterfly Garden and the Theater of Electricity….
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CHF: One last question as we round out our hour:
Is there any message you would like to convey to the
readers of The Bridge? They include the NAE members, engineering schools and departments all over
the country, members of Congress, participants in the
NAE’s Frontiers of Engineering symposia, and other
interested readers.
DR. MIAOULIS: Well, what’s interesting is that a lot
of prominent engineers, including deans of engineering
(not a majority, I would say, but some), are skeptical
about whether engineering education should be offered
to young children. They became good engineers without having engineering in the schools, so “why should
we have engineering in K–12?”
My counterargument is that if you are a dean of engineering or a professor of engineering, chances are you’re
not the typical person. You found physics amazing, like
I did, and your parents or teachers encouraged you, but
that’s not what 99.99 percent of people have. You might
not have needed engineering in your K–12 years, but
most people would.
The other argument is that there are not good teachers of engineering in K–12. Well, how are you going
to train them? If there is not a recognized discipline,
universities won’t train teachers in this area. It would be
good for folks in the Academy and deans and professors
to recognize the value of having engineering in K–12.
I use five arguments to convince people to have engineering in schools. First is technological literacy. You
cannot claim to be literate if you don’t understand how
98 percent of the human-made things around you work.
Second, engineering is the best discipline to introduce project-based learning and problem solving in the

In the Museum’s Butterfly Garden. Photo credit: Michael
Malyszko.
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classroom, and it’s the only discipline that truly pulls
together everything including arts or economics to
solve real problems, it engages kids to work in teams to
solve problems they care about.
Relevance is the third one. Math and science, the
way they are taught today is not relevant for kids, especially teenagers. Why do teenagers lose interest in science and engineering? It’s simple: When kids hit 12 or
13, the only thing they are interested in is themselves
and their friends. This is universal in every country.
They are interested only in what’s relevant to them. If
you look at science and math and the way we teach it
traditionally, it has nothing to do with daily life, especially for children who live in urban environments. If
it’s all about trees and volcanoes and things that kids are
not familiar with because they live in urban environment, they’re not interested.

Engineering is the only
discipline that pulls together
everything including
arts and economics
to solve real problems.
Girls, in particular, are interested in things that can
offer value to society. Look at the science and engineering areas that girls gravitate to: medicine—half the
students in medical school are women; veterinary medicine—85 percent of the students are women. They also
gravitate to fields like biomedical and environmental
engineering.
The moment you present relevance in the curriculum,
the more you get kids hooked. Our curriculum actually
has a bigger effect on poor kids than rich kids because it
shows the relevance of why they should learn science.
Fourth: careers. Among US engineers 72 percent have
had a relative who’s an engineer. That’s the only way you
can find out about engineering, because in the US the
word is misused to refer to people who drive trains, clean
toilets, even janitors. Kids don’t know what engineering
is, and they get misleading messages about it.
I was visiting a high school a few years back, a brand
new school, and the principal was giving me a tour.
Next to the career guidance office was the janitor’s
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closet with a sign saying “Engineering” on it. If you
think that’s funny, at the National Academy of Sciences
Building, with Einstein outside, if you go into the basement the janitor’s closet says “Engineering” on it. I gave
[former NAE president] Bill Wulf a hard time about it,
so maybe it’s changed, because I used to say that in talks
nationally. I hope they got rid of this sign.
So where do kids get their messages from? Family,
teachers, and TV. And on TV who is the only engineer?
There are two now but the main engineer on regular
channels is Homer Simpson. Now the guy from “Big
Bang Theory” is another. And he is the bottom feeder
of the group!
Even NASA is not helpful on this. I served on the
NASA Advisory Committee (the NASA Board), and
now I’m on the board of directors of CASIS, which
manages the International Space Station. At NASA,
the most amazing engineering entity in the world, they
do unbelievable things. But when the Mars rover made
it to Mars, they called it a science miracle. Two years
later when something went wrong with it, they called it
an engineering error. So how do you expect kids to get
inspired about engineering?
Wonder why black kids don’t go into engineering?
Traditionally African American families send their kids
into education, medicine, and law. Engineering is not a
traditional discipline. Where are these kids going to get
the hints to go into engineering? They’re going to keep
going into medicine, education, and law.
If you want to diversify engineering, you have to
introduce it as a new discipline in schools. That’s the
fourth reason.
The fifth reason is more esoteric, and I think is
cool. This used to be a boy/girl problem in engineering
schools. We had it at Tufts too.
We would accept boys and girls from the same school,
same SAT scores, same record, sometimes twins. During
the first engineering design test, which was to visualize
and draw things in three dimensions (back then by hand,
now with the computer), the boys typically did better
than the girls. We knew it was not genetic because after
you’d teach them how to do it, you couldn’t see the difference between boys and girls. So there was something
in the preparation, but we had no clue what it could be.
They go to the same schools, they have the same scores.
It’s a universal phenomenon, so we found a study on
it (I think it was from Michigan Tech). The authors
attributed the difference to the toys that boys and girls
play with as they grow up.
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So I went to Toys “R” Us. It was about 1995–96
because that’s when I read the story. If you go to Toys
“R” Us with this in mind, it’s amazing. Erector sets,
Legos, K’NEX—these are traditionally boys’ stuff, and
they’re all about 3D visualization, problem solving,
building. Girls’ toys are Barbie’s New Challenge, Barbie
with a Spatula—I’m not making this up—and My Little
Pony, a plastic horse with a fuzzy tail and a comb and a
button you can push so it says “I’m a princess, are you a
princess?” Go look at these toys!
How do you expect a girl who has been combing the
tail of a pony for 14 years to have the same 3D visualization skills as a boy who has been building things?
Now it’s becoming a problem for both boys and girls
because what do kids do in their free time?

When we look at the technological intensity of the
world today, it’s all derived from engineering. Understanding nature is important, of course, but it’s when
you start building engineering systems that you attach
value. We know that kids value things like computers—they can play with them all day—but they don’t
understand them.
The culture of the country is increasingly technological but people do not understand the technology. What
you are doing is trying to introduce understanding, and
I think that’s a very important thing for a museum to do
and for educational institutions and the Academy to do.
I also think we need to build bridges between museums and others that serve the same purpose. I consider
this very important.

CHF: Computers and video games.

DR. MIAOULIS: We see the Museum as more of an
educational institution now because we do a lot more
than a museum does. And in two or three years, 30 percent of what we do is going to be more outside of the
Museum.
Also, we would like to be more connected with the
Academy. I know there is more we could do together.

DR. MIAOULIS: Right. So we’re creating new generations of humans with no 3D visualization skills.
These are the five reasons. And this is something that
the Academy could be championing.
RML: The Academy is very concerned about women in
engineering and has initiatives with the goal of increasing the numbers of girls and women in engineering.
But I would add another element to the five you’ve
identified: education, which has always been the way
young people are integrated into the culture.

RML: I want to thank you for meeting with us.
CHF: It’s been a pleasure.
DR. MIAOULIS: Yes, very nice to talk with you.
Thank you. I enjoyed it.
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NAE News and Notes
NAE Newsmakers
Anant Agarwal, CEO, edX,
received the Padma Shri Award
for literature and education, India’s
fourth highest civilian award, at the
country’s Republic Day celebration
on January 26.
Rakesh Agrawal, Winthrop
E. Stone Distinguished Professor,
Purdue University, has received
the American Chemical Society
(ACS) Award in Separations Science and Technology. The award
recognizes the development of
novel implementations of modern
advances in the field of separations science and technology, with
particular emphasis on industrial
applications. Dr. Agrawal was cited
for “novel and fundamental insights
in the synthesis of energy-efficient
distillation and membrane-based
separation processes, and their
application in numerous industrial
plants.”
Nadine Aubry, University Distinguished Professor and dean of the
College of Engineering, Northeastern University, was selected as the
G.I. Taylor Medalist by the Society
of Engineering Science (SES) for
her outstanding contributions in
fluid mechanics, in particular her
work in turbulence. She will receive
the award at the 54th Annual SES
Technical Meeting, a joint event
with the Applied Mechanics Division of the American Society of
Mechanical Engineers, held at
Northeastern in July.
Eric R. Fossum, professor of
engineering, Dartmouth College,
has been awarded this year’s prestigious Queen Elizabeth Prize for

Engineering for the invention of
image sensor technology that is at
the heart of every digital camera
today. The prize celebrates engineers
responsible for a ground-breaking
innovation that has been of global
benefit to humanity. The objective
is to raise the public profile of engineering and to inspire young people
to become engineers.
David W. Fowler, University
Distinguished Teaching Professor
and Joe J. King Chair in Engineering No. 2, University of Texas at
Austin, has been granted Honorary Membership by the American Concrete Institute. Honorary
membership is ACI’s highest honor,
given to “persons of eminence in
the field of the Institute’s interest,
or one who has performed extraordinary meritorious service to the
Institute.” Dr. Fowler was honored
for “his extensive contributions
in teaching and research on concrete materials and design, and his
many years of service on numerous
ACI committees and contributions
toward the improvement of concrete design and construction.”
Richard D. Gitlin, Distinguished
University Professor, State of Florida 21st Century Scholar and Agere
Systems Chair, University of South
Florida, is among the eight 2017
inductees of the Florida Inventors Hall of Fame. Dr. Gitlin is
being recognized for his innovative research and development in
digital communications, broadband
networking, and wireless systems
that transformed communication
technology.

Thomas J.R. Hughes, Peter
O’Donnell Jr. Chair in Computational and Applied Mathematics
and professor of aerospace engineering and engineering mechanics, University of Texas at Austin,
received the 2017 SURA Distinguished Scientist Award. The
annual honor goes to a research
scientist whose extraordinary work
fulfills the Southeastern Universities Research Association (SURA)
mission to “strengthen the scientific capabilities of its members
and our nation.” The award and its
$10,000 honorarium were presented on April 19 in conjunction with
the SURA board of trustees meeting at Louisiana State University in
Baton Rouge.
Ahsan Kareem, Robert M. Moran
Professor of Engineering, University of Notre Dame, received the
2017 Masanobu Shinozuka Medal
from the American Society of Civil
Engineers (ASCE). Dr. Kareem was
selected for “his contributions to the
modeling of stochastic wind, waves,
and earthquake loads, and their
effects on buildings, bridges, and
offshore structures.” The medal was
presented June 6 during the 2017
Engineering Mechanics Institute
Conference in San Diego.
In recognition of his visionary
leadership, Asad M. Madni, retired
president, COO, and CTO of BEI
Technologies and independent consultant, was selected to receive the
2017 Gordon Medal for Engineering Leadership from the Bernard
and Sophia Gordon Engineering
Leadership Center at the Jacobs
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School of Engineering, University
of California, San Diego (UCSD).
The medal was presented May 12 at
an awards ceremony at UCSD.
Carnegie Mellon University’s
annual Dickinson Prize in Science,
presented to “individuals in the
United States who make outstanding contributions to science,” was
awarded to Chad A. Mirkin, director of the International Institute
for Nanotechnology and George B.
Rathmann Professor of Chemistry at
Northwestern University. Dr. Mirkin accepted the award’s medal and
cash prize on February 2 at CMU
and gave a lecture titled “Nanotechnology: Small Things Matter.”
Cleve B. Moler, chair and chief
scientist, MathWorks, and Lawrence G. Roberts, CEO, Roberts
Consulting, have been elected fellows of the Computer History
Museum in Mountain View, California. Dr. Moler was chosen for
“his creation and development of
the MATLAB numerical computing
environment and programming language” and Dr. Roberts for “his contributions to human and machine
communications and for his role in
the development of the ARPANET
and the X.25 protocol.”
D.R. Nagaraj, principal research
fellow, Solvay’s R&I Center, was
the 2016 inductee into the International Mining Technology Hall
of Fame (Concentration category).
The honor recognizes technical
innovators in the mining industry.
Dr. Nagaraj received the award on
February 20 at the International
Mining Technology’s Hall of Fame
gala in Denver.
ASCE has honored Soroosh
Sorooshian, UCI Distinguished
Professor and director, Center for
Hydrometeorology and Remote
Sensing, University of Califor-

nia, Irvine, with the 2017 Ven
Te Chow Award for his pioneering work in hydrologic science and
water resources systems engineering, including hydrometeorology,
hydroclimate studies, and application of remote sensing with special
focus on the hydrologic cycle and
water resources issues. The award
recognizes individuals whose lifetime achievements in the field
of hydrologic engineering have
been distinguished by exceptional
achievement and significant contributions in research, education,
or practice.
Eva Tardos, Jacob Gould Schurman Professor of Computer Science,
Cornell University, is the 2017
recipient of the European Association for Theoretical Computer Science (EATCS) Award. The award
acknowledges extensive contributions to theoretical computer science over a scientific career.
On April 4, SAE International
honored members of the General
Motors Research Laboratories Fuels
and Lubricants Department with
the 2016 SAE Arnold W. Siegel Humanitarian Award. NAE
members who shared this honor
as team members were William G.
Agnew, retired director, Programs
and Plans, and John D. Caplan
(deceased), retired executive director, GM Research Laboratories, and
Joseph M. Colucci, retired executive director, Materials Research,
GM Research and Development
Center. The team was recognized for
its many significant contributions to
automotive technology through pioneering research to improve engine
combustion efficiency, understand
engine knock, define and reduce
vehicle emissions, and improve fuel
and lubricant quality on a worldwide basis.

The Society for Mining, Metallurgy, and Exploration (SME) has
presented awards to the following
NAE members. Fiona M. Doyle,
dean of the Graduate Division,
Department of Materials Science
and Engineering, University of
California, Berkeley, received the
Milton E. Wadsworth Award for
her fundamental examination of
hydrometallurgical and electrometallurgical processes to develop
a foundation for sustainability and
economic competitiveness in the
nonferrous metallurgical sector and
beyond. Gerald H. Luttrell, Morgan Massey Professor, Department
of Mining and Minerals Engineering, Virginia Tech, received the
Antoine M. Gaudin Award for his
world-renowned contributions in
developing separation technologies for mineral and coal processing in equipment design, modeling
and optimization, and plant circuit
engineering. Jan D. Miller, Ivor
Thomas Distinguished Professor
of Metallurgy, University of Utah,
shared the Arthur F. Taggart
Award with Chen-Luh Lin for their
paper, “Opportunities for Plant-site
3D Coarse Particle Characterization with Automated High-Speed
Xray Tomography,” published in
Minerals & Metallurgical Processing
in May 2016.
Honorary fellowship, the highest distinction conferred by the
American Institute of Aeronautics and Astronautics (AIAA),
recognizes preeminent individuals who have had long and highly
contributory careers in aerospace
and who embody the highest possible standards in aeronautics and
astronautics. On May 3 Natalie
W. Crawford, senior fellow, the
RAND Corporation; Alan H.
Epstein, vice president, Technology
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and Environment, Pratt & Whitney; and Bradford W. Parkinson,
Edward C. Wells Professor of Aeronautics and Astronautics Emeritus,
Stanford University, were inducted
as AIAA Honorary Fellows at the
AIAA Aerospace Spotlight Awards
Gala in Washington.
The 2017 awards and honors of
the Institute of Electrical and Electronics Engineers were presented at
the annual IEEE Honors Ceremony
May 25 in San Francisco. Stephen
P. Boyd, Samsung Professor in the
School of Engineering, Stanford
University, received the James H.
Mulligan Jr. Education Medal for
“inspirational education of students
and researchers in the theory and
application of optimization.” The
Edison Medal was awarded to M.
George Craford, Solid State Lighting Fellow, LumiLeds Lighting, for
”a lifetime of pioneering contributions to the development and
commercialization of visible LED
materials and devices.” David A.
Hodges, Daniel M. Tellep Professor Emeritus, University of California, Berkeley, was awarded the
Richard M. Emberson Award for
“effective leadership in advancing
IEEE’s goals for excellence in publications, conferences, and awards.”

Kees Schouhamer Immink, president, Turing Machines, received
the IEEE Medal of Honor for
“pioneering contributions to video,
audio, and data recording technology, including compact disc, DVD,
and Blu-ray.” Takeo Kanade, U.A.
and Helen Whitaker University
Professor of Computer Science and
Robotics, Carnegie Mellon University, received the IEEE Founders
Medal for “pioneering and seminal
contributions to computer vision
and robotics for automotive safety,
facial recognition, virtual reality, and medical robotics.” H. Vincent Poor, Michael Henry Strater
University Professor, Prince
ton
University, was awarded the Alexander Graham Bell Medal for “fundamental contributions to signal
processing and its application to
digital communications.” Shlomo
Shamai, Distinguished Professor,
Andrew and Erna Viterbi Faculty
of Electrical Engineering, the Technion-Israel Institute of Technology,
was honored with the Richard W.
Hamming Medal for “fundamental
contributions to information theory and wireless communications.”
Ching Wan Tang, Doris Johns
Cherry Professor of Chemical Engineering, Chemistry and Physics,

University of Rochester, and Stephen R. Forrest, Peter A. Franken
Distinguished University Professor
and Paul G. Goebel Professor of
Engineering, University of Michigan, shared the Jun-Ichi Nishizawa
Medal with Mark E. Thompson of
the University of Southern California for “their pioneering work on
organic devices, leading to organic
light-emitting diode displays.”
Vladimir N. Vapnik, professor,
Computer Science Department,
Columbia University, received the
John von Neumann Medal for “the
development of statistical learning
theory, the theoretical foundations
for machine learning, and support vector machines.” The Jack
S. Kilby Signal Processing Medal
went to Martin Vetterli, professor,
Laboratory for Audiovisual Communication, École Polytechnique
Fédérale de Lausanne, for “fundamental contributions to advanced
sampling, signal representations,
and multirate and multiresolution
signal processing.” Yulun Wang,
chair and CEO, InTouch Health,
was chosen to receive the Medal for
Innovations in Healthcare Technology for “pioneering contributions to remotely operated surgical
robots and telemedicine devices.”
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2017 National Meeting

Keynote speaker Rob Manning with students from Cabrillo High School.

NAE members and guests gathered
at 1:00 PM at the Beckman Center
in Irvine, California, on February 9
for the 2017 NAE National Meeting. It was preceded by a members’
only business session (11:00–noon),
after which the members were
joined for lunch by 190 students
from the following local schools:
High Tech High, Samueli Academy, Cabrillo High School, Santa
Ana High School, and Markham
Middle School, as well as students
from the University of California,
Irvine (UCI).
After lunch NAE Chair Gordon
England welcomed the members,
guests, and students to the National Meeting symposium with brief
remarks encouraging the students to
consider the impact they can have

on the world through a career in
engineering. He introduced President Dan Mote, Jr., who talked
about the diversity of engineering
projects to be addressed that afternoon and said he looked forward to
the students’ participation in the
Q&A session.
Keynote speaker Rob Manning,
chief engineer for Jet Propulsion
Laboratory’s Engineering and Science Directorate, talked passionately about his career in designing,
testing, and operating robotic spacecraft for 35 years, including Galileo
to Jupiter, Cassini to Saturn, and
Magellan to Venus. He described
his work as chief engineer for the
project that successfully landed the
rover Curiosity on Mars on August
5, 2012.

The program continued with the
Gilbreth Lectures. Lars Blackmore,
principal rocket landing engineer
at Space Exploration Technologies
(SpaceX), spoke on the Autonomous Precision Landing of a Space
Rocket. David Lentink, assistant
professor of mechanical engineering at Stanford University, talked
about Avian Flight as an Inspiration
for Drone Design. After a break
Alexandre Bayen, the Liao-Cho
Professor of Engineering at the
University of California, Berkeley,
in the Departments of Electrical
Engineering and Computer Science
and of Civil and Environmental
Engineering, discussed Distributed
Learning Dynamics Convergence in
Routing Games. Ana Claudia Arias,
associate professor in the Department of Electrical Engineering and
Computer Sciences at the University of California, Berkeley, talked
about the Role of Flexible Medical
Devices in Health Monitoring and
Diagnosis. The program concluded
with a summation by Alton D.
Romig, Jr., NAE executive officer.
The day ended with a reception
for members, students, and guests.
President Mote said, “I enjoy watching the young high school students
chatting with the FOE engineers
and pressing them for answers.” He
added, “Every year I am impressed
with the students’ questions, and my
confidence in our future engineers
who will address our Grand Challenges is reassured.”
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NAE Honors 2017 Fritz J. and Dolores H. Russ Prize Winners

Left to right: David Descutner, David Huang, Christoph K. Hitzenberger, Sonja Fercher (daughter of Adolf F. Fercher), James G.
Fujimoto, Eric A. Swanson, and C. D. Mote, Jr.

With the Fritz J. and Dolores H. Russ
Prize, the NAE honors outstanding
individuals for significant innovation, leadership, and advances in
bioengineering. The 2017 award
winners were honored at a black tie
dinner February 21 at the National
Academy of Sciences in Washington. The recipients accepted their
awards before an audience of more
than 125 guests, with NAE president C. D. Mote, Jr. at the podium.
Also assisting in the presentation
was Dr. David Descutner, interim
president of Ohio University.
Fritz J. and Dolores H.
Russ Prize

James G. Fujimoto, Adolf F. Fercher,
Christoph K. Hitzenberger, David
Huang, and Eric A. Swanson were
awarded the 2017 Fritz J. and Dolores
H. Russ Prize “for optical coherence
tomography, leveraging creative engineering to invent imaging technology
essential for preventing blindness and
treating vascular and other diseases.”

Optical coherence tomography
(OCT) has had tremendous scientific, clinical, and economic
impacts. It is one of the most
widely used technologies for imaging the human eye and an essential
tool for the treatment of blinding
diseases such as macular degeneration, glaucoma, and diabetic retinopathy, helping diagnose millions
of patients with eye disease at early
treatable stages, before irreversible
loss of vision. OCT uses light waves
to perform high-speed, micrometerresolution, three-dimensional images of tissue microstructure. Beyond
ophthalmology, the technology has
helped advance understanding of
disease mechanisms and their treatments in fields such as cardiology
and cancer.
James Fujimoto is the Elihu
Thomson Professor of Electrical
Engineering and Computer Science at the Massachusetts Institute
of Technology, visiting professor of
ophthalmology at Tufts University

School of Medicine, and adjunct
professor at the Medical University of Vienna. His group and collaborators invented and developed
OCT, and he cofounded Advanced
Ophthalmic Devices and LightLab
Imaging, which developed cardiovascular OCT. He has published
over 450 peer-reviewed articles and
coedited 13 books. He is a director of
the International Society for Optics
and Photonics (SPIE) and general
cochair of the SPIE BIOS symposium, and previously was cochair
of two Conferences on Lasers and
Electro Optics and the European
Conference on Biomedical Optics
and director of the Optical Society
(OSA). He has received the Zeiss
Research Award, IEEE Photonics
Award, and OSA Ives Medal, and
he shared the 2002 Rank Prize in
Optoelectronics and 2012 António
Champalimaud Vision Award. He
is a member of the NAE, National
Academy of Sciences, and American Academy of Arts and Sciences.

49

SUMMER 2017

Adolf Fercher chaired the Institute of Medical Physics at the
Medical University of Vienna
(1986–2008). He pioneered ophthalmic interferometry, demonstrating the first measurement of the
axial length of a human eye using
low-coherence interferometry (LCI;
1986) and one of the first retinal
OCT images of the living human
eye (1993), and was the intellectual
father of the first commercial LCI
ocular biometry system. In 1995
he demonstrated, together with
Christoph K. Hitzenberger, the first
application of spectral domain (SD)
LCI to intraocular ranging, enabling
rapid 3D OCT imaging and modern OCT technology. He authored
or coauthored some 125 scientific
publications in peer-reviewed journals. In 1968–1975 he was a junior
scientist at Carl Zeiss AG, where he
worked on optical testing with computer holograms and in holographic
interferometry. In 1975–1986 he was
professor at the University of Essen,
where he conducted research on
laser speckle and biomedical applications of interferometry. Dr. Fercher passed away on March 10, 2017.
Christoph Hitzenberger is vice
chair of the Center for Medical
Physics and Biomedical Engineering at the Medical University of
Vienna. He cofounded, with Dr.
Fercher, the university’s biomedical
optics research group and developed
the heterodyne LCI system for measuring intraocular distances (axial
eye length, retinal thickness). This
work led to the development of the
first commercial LCI ocular biometry system, and the technology was
expanded to record OCT images,
the first in vivo retinal images of the
human eye. He also demonstrated,
with Dr. Fercher, the first application of SD LCI to intraocular rang-

ing, enabling rapid 3D imaging and
revolutionizing retinal diagnostics.
Dr. Hitzenberger received the award
of the Hoechst Foundation for
Advancement of Medical Research
in Austria and is a fellow of SPIE
and OSA. In addition to serving as
editor in chief of Biomedical Optics
Express, he is the author or coauthor
of some 150 peer-reviewed scientific
publications.
David Huang is Peterson Professor of Ophthalmology, professor of
biomedical engineering, and director of the Center for Ophthalmic
Optics and Lasers (www.COOLLab.net) in the Casey Eye Institute
at the Oregon Health and Science
University in Portland. The COOL
lab conducts research on retinal diseases, anterior eye disease, glaucoma, and other optic nerve diseases.
Dr. Huang is a coinventor of OCT
and has contributed to polarization-sensitive, swept-source, spectroscopic, and anterior eye OCT
as well as OCT angiography. He is
also an inventor of laser therapeutic devices and mobile diagnostic
technology, and a founder of Gobiquity Mobile Health (www.gobiquity.
com), which makes mobile diagnostic apps for professional and home
use. He shared the 2012 António
Champalimaud Vision Award
and received the Association for
Research in Vision and Ophthalmology’s Jonas Friedenwald Award
and the American Academy of
Ophthalmology’s Senior Achievement Award. He is a fellow of the
National Academy of Inventors.
Eric Swanson is an active participant in a variety of entrepreneurial,
industrial, academic, and volunteer
activities. He chairs the board of
directors for Acacia Communications and is a member of the boards
of directors for NinePoint Medical

and Curata. He serves on the governing board of the Danish National
Quantum Innovation Center and is
an affiliate of the MIT Deshpande
Center for Entrepreneurship and
MIT Translational Fellows Program.
He is a cofounder or founding board
member of Advanced Ophthalmic
Devices, LightLab Imaging, Sycamore Networks, Acacia Communications, and Curata. During 16
years at MIT Lincoln Laboratory
he participated in the discovery and
advancement of OCT and worked
on optical networks (including one
of the first wavelength division multiplexed all-optical networks) and
space communication (including
one of the first intersatellite laser
communication systems). He has
coauthored over 200 journal articles
and conference presentations, seven
book chapters, and numerous patents. He is a fellow of the Institute
of Electrical and Electronics Engineers and OSA, and a co-recipient
of the 2012 António Champalimaud Vision Award and 2002 Rank
Prize in Optoelectronics.
Acceptance Remarks by Eric
A. Swanson

Ladies and gentlemen, members
of the Russ Family and Selection
Committee, esteemed colleagues,
family, and friends: We are honored.
We are humbled. We are inspired. And
we are thankful.
We are honored to receive this
prestigious recognition of our work.
Fritz Russ had an amazing career,
spanning many decades built around
engineering innovation that positively impacted so many fields. One
of the purposes of the Russ Prize is to
recognize engineering achievements
that are in widespread use, have
improved the human condition, and
are an example of how engineers
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Eric A. Swanson

contribute to societal health, wellbeing, and quality of life. We are
honored that the Russ Committee
selected our work in optical coherence tomography, or OCT, as worthy
of the Russ Prize.
Today OCT is a major imaging modality and there are about
30 million OCT imaging procedures
performed worldwide every year—
one every few seconds. OCT has
helped advance fundamental understanding of disease mechanisms and
their treatments in multiple fields,
including blinding eye diseases,
deadly cardiovascular disease, and
cancer, and has saved billions of
dollars in healthcare expenditures.
It has provided powerful scientific,
economic, and clinical benefits to
society.
For the guests in the audience we
would like to say a few words about
how OCT works. If we shine laser
light into tissue, we get reflected and
backscattered light. OCT performs
imaging by measuring these reflections. Because the speed of light is
so fast and the tissue dimensions
are so small, we cannot use standard techniques like those used in
ultrasound or radar to measure these

ultrafast time delays. We need to use
interferometric techniques, which
involve combining two light beams:
one from a reference path and one
from the tissue. Interferometry
allows us to compare the distances
between the reference path and the
path to the tissue without having
to directly measure the incredibly
short propagation times of the light.
It has the additional benefit that
it can be very sensitive. The interferometric process can sometimes
achieve a sensitivity that is limited
only by the quantum nature of light.
Some OCT instruments are so
sensitive they can see tissue structures that reflect only one ten-billionth of the incident photons. OCT
achieves micrometer resolution
and enables clinicians to visualize
pathology in real time without having to remove tissue. This ability has
been especially powerful for clinical
specialties such as ophthalmology or
cardiology, where excisional biopsy
is hazardous or impossible.
We are humbled to receive the
Russ Prize. We are humbled by
the eminent engineers that have
received the prize in previous years
for their outstanding contributions
to society. Another purpose of the
Russ Prize is to encourage the medical and engineering professions to
work closely together. This has been
at the core of our journey in OCT
from the very start. Healthcare
impact requires a deep understanding of clinical problems and clinical
workflow. Early on, we were very
fortunate to work with pioneering
clinician scientists including Drs.
Carmen Puliafito, Joel Schuman,
Mark Brezinski, Oliver Findl, and
Ursula Schmidt-Erfurth. We would
also like to acknowledge the critical
contributions of early trainees, doctoral students, postdoctoral associ-

ates, and visiting scientists including
Wolfgang Drexler, Rainer Leitgeb,
Michael Hee, and Joseph Izatt.
They made powerful early contributions and are important leaders in
the field of OCT research.
We are humbled by thousands
of hard-working, innovative, and
dedicated scientists, engineers, clinicians, and businesspersons from
around the world who have been
essential in advancing the field of
optical coherence tomography to
where it is today. The translation
of OCT from fundamental research
to daily clinical practice would not
have been possible without a complex worldwide ecosystem involving continuous interaction among
scientists, engineers, and clinicians;
government funding of research;
the major role that entrepreneurship and industry have played, harnessing the innovation that occurs
at the boundaries of different disciplines; and ultimately the development of technology and methods
that address real clinical needs.
We are inspired to receive the Russ
Prize. One of the missions of the
National Academy of Engineering
is to advance the well-being of the
nation by promoting a vibrant engineering profession. We are happy
to say that vibrant engineering is
alive and well in the field of OCT.
It is a rich combination of optical,
mechanical, electronic, software,
and biomedical engineering. The
multidisciplinary nature of OCT
is one of the reasons this field is so
much fun for engineers to work in
and there has been so much innovation—and there is so much more
to come.
There are many choices in career
paths for junior scientists and engineers. We are inspired by the choice
that many of them are making to
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enter the field of biomedicine,
because of the positive impact it
can have. We are inspired imagining the amazing frontiers yet to be
explored both in the technology
and in clinical applications. We are
confident that OCT and the larger
field of biomedical optics will have
broader impact in the clinical specialties that it serves today and will

enter new clinical areas affecting
the lives of millions of people in
need of improved medical diagnostics and therapy.
We are thankful to receive the
Russ Prize. We are thankful for the
recognition. We are thankful to
our families for their support, and
thankful to our mentors, coworkers, and colleagues over the years.

Everybody wants to have purpose
in life, a passion in life, to work on
something that can have a positive
impact on things bigger than themselves. And we are thankful to have
had the good fortune and opportunity, over the past 25 years, to contribute to a technology, an industry,
and a community that has improved
the health and well-being of society.

NAE Treasurer and Councillors Elected

Martin B. Sherwin

Frances S. Ligler

H. Vincent Poor

Katharine G. Frase

Yannis C. Yortsos

Richard A. Meserve

Arun Majumdar

This spring the NAE reelected its
treasurer and two incumbent councillors, and elected two new councillors. All terms begin July 1, 2017.
Reelected to a four-year term
as treasurer was Martin B. Sherwin, retired vice president of W.R.
Grace. Frances S. Ligler, Lampe
Distinguished Professor of Biomedical Engineering in the joint Depart-

ment of Biomedical Engineering at
the North Carolina State University College of Engineering and the
University of North Carolina–Chapel Hill School of Medicine, and
H. Vincent Poor, Michael Henry
Strater University Professor at
Princeton University, were reelected to three-year terms as councillors. Newly elected to three-year
terms as councillors were Katharine
G. Frase, retired vice president of
education business development at
International Business Machines
Corporation, and Yannis C. Yortsos, dean of the Viterbi School of
Engineering at the University of
Southern California.
On June 30, 2017, Richard A.
Meserve, president emeritus of the
Carnegie Institution for Science,
completed six continuous years
of service as councillor, the maximum allowed under the Academy’s
bylaws, and Arun Majumdar, Jay
Precourt Professor in the Department of Mechanical Engineering
and Senior Fellow of the Precourt
Institute for Energy at Stanford
University, completed one threeyear term as councillor. They were
recognized in May for their distinguished service and other contributions to the NAE.
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2017 German-American Frontiers of Engineering Hosted by GE Aviation
The 2017 German-American Frontiers of Engineering Symposium
(GAFOE) was hosted by GE Aviation at the Brian H. Rowe Learning
Centre in Evendale, Ohio, March
31–April 2. NAE partners with the
Alexander von Humboldt Foundation (AvH) to organize this event,
the “oldest” bilateral Frontiers of
Engineering program, which was
started in 1998. The symposium
organizing committee was cochaired
by NAE member Dennis Discher,
Robert D. Bent Professor, Departments of Chemical and Biomolecular Engineering, Mechanical
Engineering, and Bioengineering at
the University of Pennsylvania, and
Jörg Schulze, professor of electrical
engineering and head of the Institute of Semiconductor Engineering
at the University of Stuttgart.

Modeled on the US Frontiers of
Engineering Symposium, GAFOE
brings together engineers ages
30–45 from German and US companies, universities, and government. The goal of the meeting is
to convene emerging engineering
leaders in a forum where they can
learn about leading-edge developments in a range of engineering
fields, thereby facilitating an interdisciplinary transfer of knowledge
and methodology. In the case of the
bilateral Frontiers, there is the added dimension of helping build cooperative networks of young engineers
that cross national boundaries.
The four session topics at this
year’s GAFOE were Gene Editing and Applications, Advanced
Manufacturing, Industry 4.0 vs.
Industrial Internet of Things, and

Streams of Water: Managing Water
Supply, Treatment, and Delivery in
the 21st Century. A program, list of
attendees, and presentation slides
are posted at the GAFOE website at
www.naefrontiers.org.
The session on gene editing and
applications described how these
new technologies and tools offer an
effective means of “genetic surgery”
and have great potential to enhance
understanding of genome function.
Beyond biological research, genome
engineering is starting a revolution
in therapeutics, environmental
engineering, and agriculture. The
first speaker introduced the state
of the art of customized nucleases
and their applications for stem cell
and regenerative medicine research.
This was followed by a talk explaining how CRISPR/Cas9 technology

2017 GAFOE participants at the GE Aviation Rowe Learning Centre, Evendale, Ohio. Photo courtesy of GE Aviation.
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is used for gene therapy. The third
speaker focused on crop modification using CRISPR/Cas9 and future
perspectives of this work. The session concluded with a presentation
on moving “anti-CRISPR” proteins
into human cells and how the proteins provide a robust “off switch”
for gene editing.
Speakers in the Advanced Manufacturing session described the
industrial needs, conventional and
nonconventional manufacturing
processes, and simulations required
to meet next-generation levels of
performance in an aggressive cost
environment. Presentations covered
interdisciplinary, empirical, and
model-based approaches to better
understand the effects of manufacturing processes on material properties; capabilities and challenges of
process simulations, with examples
from simulation-based design of processes to “intelligent” manufacturing; additive manufacturing, which
allows for more concurrent innovation of product design, materials,
and manufacturing; and advances
in robotics that bring a new class of
safe, human-collaborative robots to
the manufacturing sector.
Advances in digital information
and the widespread networking of
devices and systems using Internet
technology open up new business
and optimization opportunities in
many areas. The Internet of Things
(IoT) refers to a global information
network of interconnected heterogeneous physical objects (e.g., sensors, machines, cars, robots, drones,
and buildings). The term has been
further specialized into Industrial
IoT (IIoT), with the German government declaring that the changes
driven by these technologies have
launched the next industrial revolution, “Industry 4.0.” In this ses-

sion, German and US researchers
presented their perspectives on
the concepts and the challenges of
Industry 4.0 and IIoT. The speakers
covered technical and regulatory
barriers and approaches to Industry
4.0 and IIoT issues, approaches that
bridge machine learning and control
systems to better understand volatile energy markets, infrastructure
challenges of networked vehicles,
and strategies of standardization vs.
adaptive integration to deal with
the interoperability of interconnected technical systems.
The final session, Streams of
Water and Information, highlighted the interdisciplinary challenges
of water supply, treatment, delivery, and pricing in the 21st century.
The first presenter described realtime monitoring and data analytics
for management of water systems.
Next, a talk on the major drivers of
changing water needs, such as rapidly shifting climate and precipitation patterns combined with rapid
urbanization and concentration of
water demands, detailed the value
of systems science and integrated
water resource management in planning for substantial shifts in water
availability and demand. Interdisciplinary work at the interface of
engineering and economics, which
is critical to holistic decision making about water resources, was the
topic of the third talk. The session
concluded with a presentation on
innovative water treatment technologies to respond to the challenges of compromised source water
quality and aging infrastructure.
NAE president C. D. Mote, Jr.,
AvH deputy secretary general
Thomas Hesse, newly elected NAE
member and GE Aviation’s general manager of advanced technology operations Eric Ducharme, and

Dennis Discher welcomed the group
to the Learning Centre, which
showcases many of the engines GE
has produced throughout its history.
In addition to the formal sessions,
a poster session preceded by flash
poster talks on the first afternoon
served as an icebreaker and opportunity for all participants to share
information about their research
and technical work. The posters were displayed throughout the
meeting, which facilitated further
discussion and exchange during the
coffee breaks.
On the second afternoon, attendees toured GE Aviation’s Development floor and the Additive
Technology Center. Because many
German immigrants settled in
Cincinnati in the 19th and early
20th century, GE Aviation enlisted docents to provide historical
background on the city during visits to the Cincinnati Reds’ Hall of
Fame and dinner at Moerlein Lager
House.
It is an FOE tradition to have a
dinner speech on the first evening of
the meeting by a senior-level individual from industry, government,
or academia. At this meeting, Greg
Morris, strategy and growth leader
for GE Additive, gave the dinner
speech, “Accelerating the Additive
Revolution.” He described what is
involved in additive manufacturing processes and the technology’s
important role due to the breadth
of its applications and capacity to
improve the resulting products.
He closed by highlighting additive
manufacturing’s many benefits and
potential to revolutionize manufacturing endeavors.
Funding for the meeting was provided by The Grainger Foundation,
GE Aviation, and the Alexander
von Humboldt Foundation. The
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next GAFOE meeting will be held
in 2019 in Germany.
NAE has additional bilateral
Frontiers of Engineering programs
with Japan, India, China, and the
European Union. The FOE meetings bring together outstanding
engineers from industry, academia,
and government at a relatively early

point in their careers (participants
are 30–45 years old) to learn about
developments, techniques, and
approaches at the forefront of fields
other than their own—something
that has become increasingly important as engineering has become
more interdisciplinary. The meeting
also facilitates the establishment of

contacts and collaboration among
the next generation of engineering
leaders. For more information about
this activity, visit www.naefrontiers.
org or contact Janet Hunziker in the
NAE Program Office at JHunziker@
nae.edu.

A Grand Challenge: Members of the NAE Discuss Cybersecurity at
Carnegie Mellon University
by Abby Simmons,
CMU Media Relations
On April 13, 2017, the National
Academy of Engineering (NAE)
gathered for a regional meeting
and symposium at Carnegie Mellon
University’s Software Engineering
Institute (SEI) to discuss cybersecurity, which is now one of the greatest
challenges of the 21st century.
CMU President Subra Suresh’s
opening remarks on the intersection of technology and humanity
noted the unintended consequences of technological advancements.
Suresh referenced the NAE’s
20 Greatest Engineering Achievements of the 20th Century (www.
greatachievements.org), inventions
such as automobiles, spacecraft, and
computers that revolutionized the
way we live. Several years later, the
NAE identified its 14 Grand Challenges for Engineering in the 21st
Century (www.engineeringchallenges.org). Securing cyberspace is
one of them.
“The remarkable thing about this
is, if you put the two lists side by
side, you cannot help but wonder if
there is at least some partial connection to the achievements we helped
to create in the 20th century and

the grand challenges we face today,”
Dr. Suresh said.
NAE President C. D. Mote, Jr.
added that current challenges are
not about things—“they are about
all people on the planet.”
David Hickton, director of the
University of Pittsburgh’s Institute
for Cyber Law, Policy, and Security, delivered the keynote address,
“Confronting the Cyber Threat.”
He gave a behind-the-scenes look
at critical cybercrime cases solved
during the six years he served as US
attorney for the Western District of
Pennsylvania. During that time, he
often worked with experts at CMU
and the University of Pittsburgh.
“We have some of the best investigators here in Pittsburgh, and
when they put their minds to it they
can find anybody,” Mr. Hickton said.
Mr. Hickton described how
cybersecurity professionals are protecting the safety and security of
people, safeguarding the intellectual property of corporations and
the jobs of their employees, building
resilient infrastructure, and leveling
the playing field for individuals who
follow the rule of law.
Several CMU faculty members then described their research.
David Brumley, director of CyLab,

CMU’s security and privacy institute, presented his work aimed at
automatically checking software
for exploitable bugs. His spinoff,
ForAllSecure, developed a fully
autonomous system that won the
2016 DARPA Cyber Grand Challenge, and he advises CMU’s topranked capture the flag team, the
Plaid Parliament of Pwning.
Raj Rajkumar of the Electrical
and Computer Engineering Department shared milestones from more
than 30 years of autonomous vehicle
research at CMU. He said emerging
connected vehicle technology can
improve safety; however, researchers also must address the multiple
entry points it provides for malicious attacks.
Lorrie Cranor, director of the
CyLab Usable Privacy and Security
Laboratory, presented her work to
make privacy and security software
and systems more effective and
easier to use. Dr. Cranor recently
returned to the university after
spending a year as the Federal Trade
Commission’s chief technologist.
David Manz, senior cybersecurity scientist at Pacific Northwest
National Laboratory, a US Department of Energy research laboratory,
previewed his forthcoming book,
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Research Methods for Cybersecurity
(Elsevier, 2017), coauthored with
PNNL’s Thomas W. Edgar. While
most cybersecurity research is
applied research, Dr. Manz said, we
need to push the rigor for more scientific approaches.
In a hardware-focused talk, cyber
research scientist Katie Liszewski
provided an overview of cyberthreats to the electronic supply
chain. She explained ways her
team at Battelle, a global research
and development organization,
developed time- and cost-effective

machine learning techniques to test
hardware for cloned and counterfeit
materials.
Greg Shannon, chief scientist in
the SEI’s CERT division, recently
returned to CMU after a stint at
the White House Office of Science
and Technology Policy as assistant
director for cybersecurity strategy.
He concluded the NAE symposium
by addressing a fundamental step in
solving the challenge of securing
cyberspace: Experts must understand
the nature of how humans perceive
the building and breaking of trust.

“We chose cybersecurity as our
theme today because it is such a
pressing challenge that extends
across engineering disciplines,” said
Paul Nielsen, director and CEO of
the SEI, and master of ceremonies
for the event. “Our growing dependence on autonomous systems and
other technologies underscores the
urgency of the work still to be done
to ensure the security of the systems
we use now and will depend on in
the future.”

NAE Regional Meeting Hosted by Google
by Vinton G. Cerf (NAE), chief
Internet evangelist at Google
The NAE leadership participated
in a symposium hosted by Google
at the Computer History Museum
in Mountain View, California, on
April 5, 2017. The event consisted
of talks by luminaries in computing, summarized below. Slides were
used by some of the speakers and are
available online.1
The symposium began with a brief
update from NAE President C. D.
Mote, Jr. on Academy activities.
The first technical talk, on the
new Google tensor processing
unit (TPU), was by David Patterson, former ACM president and a
founder of the concept of reduced
instruction set computing (RISC).
His talk was the first public unveiling of the details of this system and
its performance.
Dr. Patterson summarized the
path of increasing performance initially driven by feature size reduc1 https://sites.google.com/corp/view/naere-

gionalsymposium

tion, power reduction, clock speed
increases, and multicore designs
to increase total CPU cycles/
second available. But he noted that
after 40 years, we are left only with
domain-specific designs to squeeze
out better performance results.
The TPU realizes a high-performance neural network in which
inputs are weighted and combined
through a nonlinear differentiable
function to produce an output.
Depending on how a multilayer system is realized, one can implement
a recursive or a convolutional multilayer system, the difference being
the way the states of each layer are
combined. A multilayer perceptron
applies a nonlinear function to the
weighted sum of all outputs from
the prior layer. A convolutional
neural network applies the weights
to subsets of outputs from the
prior layer, and a recurrent neural
network (“long short-term memory”) uses a nonlinear function of
past state and prior outputs with
the same weights applied across
time steps.

Dr. Patterson stepped through
the details of the design of the
Google system that includes CPUs,
GPUs, and TPUs in a combined
system. What is astonishing is that
the performance/watt of the TPU
element is 70X higher than a typical GPU and 200X higher than a
typical CPU.
The second talk was by Peter G.
Neumann, a computer scientist and
specialist in security at SRI International since 1971. His message
was very clear: security is lacking
in most computing systems and
the vulnerability adds up to a very
brittle future. Part of the solution is
to reexamine the role of hardware
and software to produce significant
increases in resilience and resistance
to the effects of software mistakes
and external attacks. In particular,
the use of hardware-based capabilities to control access to memory in
the processors can mitigate many
exploitable mistakes in software.
Dr. Neumann and his colleagues
have pursued the design and implementation of such a system, called
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CHERI (capability-enhanced RISC
instructions),2 that realizes the features needed.
Dr. Neumann emphasized the
risks associated with the proliferation of programmable devices making up what is sometimes called “the
Internet of Things” (IoT) or “cyberphysical systems.” His primary message is that the breakneck pace of
IoT development and focus on shipping product have vastly outpaced
the attention needed to secure these
systems from abusive coercion (e.g.,
botnets) or software errors with serious consequences. The more we rely
on these devices to operate autonomously (i.e., without human intervention), the higher the risk that
errors and deliberate attacks will
have serious societal consequences.
His was an unmistakable call for
attention to these deficiencies as
a practical and even moral obligation for the engineers designing and
building such systems.
Amin Vahdat, Google Fellow,
technical lead for networking at
Google, and adjunct faculty member of the Department of Computer
Science and Engineering at the
University of California, San Diego,
delivered the third talk, on the network infrastructure of the Google
system. The system has several networks of note.
Our data centers are connected
by the B4 network, which is global
in scope and which must address
the challenge of huge data flows
between the centers for purposes of
information replication and resilience. The centers and remote storage systems are connected to the
public Internet through our Espresso network system. The insides of

the data centers are connected by
the Jupiter network system, and
network virtualization for users is
implemented by the Andromeda
network. Targets of 10X improvement in bandwidth, latency, availability, and predictability across all
these networks are normal.
The backbone data center interconnect network (B4) has grown
dramatically in capacity to cope, for
example, with enormous quantities
of video input (400 hours of video
per minute are uploaded to YouTube) and output (a billion hours
per day). The Espresso network
architecture is software defined
and uses a label-switched fabric to
implement peering with the public
Internet. Cloud services initially
provided application services to
users, offloading their need to invest
in hardware infrastructure. Cloud
2.0 service provides direct access
to virtual hardware resources and
dynamically expandable capacity.
In the third wave of cloud service,
one envisions serverless computing,
real-time intelligence, and machine
learning capacity. Users will no
longer need to worry about data
placement, load balancing, or OS
configuration and patching.
The fourth presentation, by Bret
Victor, principal of Worrydream,3
was aided dramatically by a demonstration of a new form of documentation that permits readers to interact
with tables and graphs by changing
parameters and activating computations. The whole notion of publication takes on a very different hue
when the data and the software associated with the research are embedded in the document and can be
activated by the reader. An important aspect of research is the ability

2

www.cl.cam.ac.uk/research/security/
ctsrd/cheri/

3 http://worrydream.com/

to replicate a researcher’s results or
to interpret the data in various ways.
By embedding data, manipulation,
and presentation mechanisms in
the publication, or making the data
implicitly reachable, readers can
explore an author’s computational
results. If this mode of publication
catches on, it will inspire a new
generation of research result sharing
that is instantly actionable.
The final presentation was by
Alan Kay, principal of Viewpoints
Research Institute and an ACM Turing Award recipient. Dr. Kay took
us on a future exploration toward
engineering in 2040. But he quickly
convinced me, at any rate, that the
engineering problems we will face
midcentury will be compounded
by 2100, in part because of global
climate change but also because of
changes in the nature of work.
Longer lifetimes will demand that
engineers become lifelong learners,
absorbing new tools and methods,
trained in the art of critical thinking
and sophisticated problem solving.
The ability to model the physical
world and artificial constructs at
scale and in real time will be critical
parts of the toolkits needed by the
engineers of the future. Design of
complex structures and the stresses
and strains they will experience, and
design of complex systems with their
unbounded state spaces, will require
new computational methods, including machine learning and increasingly large-scale data analytics.
Among the most compelling revelations from Dr. Kay’s talk is that
engineering skills will need to be
introduced very early in the K–12
curriculum. Engagement in problem
solving, applying new computational tools, will be the means by which
21st century engineers are trained.
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Calendar of Meetings and Events
June 1–2

OEC Expansion Project: Meeting on
Enhancing International Perspectives

June 22–24

China-America Frontiers of Engineering
Shanghai

July 18–20

Global Grand Challenges Summit
George Washington University,
Washington, DC

August 2–3

NAE Council Meeting
Woods Hole, Massachusetts

August 15–16

LinkEngineering Committee Meeting

August 29–31

Committee on Educator Capacity
Building in PreK–12 Engineering
Education

September 25–27 US Frontiers of Engineering Symposium
East Hartford, Connecticut
October 8–9

2017 NAE ANNUAL MEETING

All meetings are held in National Academies facilities in
Washington, DC, unless otherwise noted.

In Memoriam
BRUNO A. BOLEY, 92, professor,
Columbia University, died February
11, 2017. Dr. Boley was elected to
the NAE in 1975 for contributions
in research and teaching in applied
mechanics, particularly on thermal
stress analysis and on dynamical
problems.

EDWARD COHEN, 96, retired
chairman and CEO, Ammann and
Whitney Consulting Engineers,
died January 20, 2017. Mr. Cohen
was elected to the NAE in 1975 for
contributions to the design of protective structures to resist forces due
to blast from nuclear weapons.

NED H. BURNS, 83, Zarrow
Centennial Professor Emeritus of
Engineering, University of Texas at
Austin, died November 5, 2016. Dr.
Burns was elected to the NAE in
2000 for contributions to development and education in prestressed
concrete including unbonded tendon building slabs and high-performance concrete bridges.

LAWRENCE B. CURTIS, 92,
retired vice president, Conoco Inc.,
died January 25, 2017. Mr. Curtis
was elected to the NAE in 1988 for
outstanding contributions toward
pioneering design and construction
of large undersea oil storage and
tension leg offshore platforms.

WILLIAM J. CHANCELLOR,
85, professor emeritus, University of
California, Davis, died February 16,
2017. Dr. Chancellor was elected to
the NAE in 2005 for contributions
to the understanding of, and engineering innovations for, agricultural
technology in the United States and
developing countries.

EDWARD E. DAVID JR., 92,
retired president, EED, Inc., died
February 13, 2017. Dr. David was
elected to the NAE in 1966 for
communication systems.
JAMES M. DOUGLAS, 83, professor emeritus of chemical engineering, University of Massachusetts at
Amherst, died February 15, 2017.
Dr. Douglas was elected to the NAE
in 1996 for contributions to teaching engineers how to think about

process flowsheets, and for contributions to the development of strategies for chemical process design and
control.
MILDRED S. DRESSELHAUS,
86, Institute Professor of Electrical
Engineering and Physics, Massachusetts Institute of Technology, died
February 20, 2017. Dr. Dresselhaus
was elected to the NAE in 1974 for
contributions to the experimental
studies of metals and semimetals,
and to education.
CHARLES A. FOWLER, 95, consultant, C.A. Fowler Associates,
died November 7, 2016. Mr. Fowler
was elected to the NAE in 1985
for continuous contributions to
technology used in the defense of
the United States.
WILLIAM W. GRAESSLEY, 84,
professor emeritus of chemical engineering, Princeton University, died
February 18, 2017. Dr. Graessley was
elected to the NAE in 1990 for pioneering research relating engineering properties of bulk polymers with
their molecular architecture.
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J. KARL HEDRICK, 72, professor of mechanical engineering,
University of California, Berkeley,
died February 22, 2017. Dr. Hedrick
was elected to the NAE in 2014 for
analysis and control methods for
nonlinear systems with application
to practical problems.

BROCKWAY MCMILLAN, 101,
retired vice president, Military Systems, AT&T Bell Laboratories, died
December 3, 2016. Dr. McMillan
was elected to the NAE in 1969 for
leadership in systems engineering in
the field of communications and in
large military projects industry.

MARVIN M. JOHNSON, 88,
research fellow emeritus, Phillips
Petroleum Company, died March
10, 2017. Dr. Johnson was elected
to the NAE in 1994 for applications
of catalysis in petroleum refining,
particularly the discovery of metals
passivation technology for catalytic
cracking.

WALTER E. MORROW, 88,
director emeritus, MIT Lincoln
Laboratory, died February 12, 2017.
Mr. Morrow was elected to the NAE
in 1978 for contributions to ionospheric, tropospheric, and orbital
scatter communications, and to
military communication satellite
technology.

JIRO KONDO, 98, president,
Environmental Technology Center,
died March 29, 2015. Dr. Kondo
was elected to the NAE as a foreign
member in 1993 for leadership in
diverse fields of engineering, including aerodynamics, environmental
studies, and the development of
method for quality control.

ALBERT F. MYERS, 70, Myers
Consulting, retired corporate vice
president, strategy and technology,
Northrop Grumman Corporation,
died March 20, 2016. Mr. Myers was
elected to the NAE in 2006 for contributions to the fly-by-wire control
system for NASA research aircraft
and for leadership in the development of the B-2 Stealth aircraft
flight-control system.

HERBERT S. LEVINSON, 93,
transportation consultant, died
February 17, 2017. Dr. Levinson
was elected to the NAE in 1994
for outstanding contributions to
the safe and efficient movement
of people and goods on the streets
and highways of the nation and the
world as an engineer, educator, and
consultant.
JAMES W. MAR, 97, professor
emeritus, Massachusetts Institute
of Technology, died March 4, 2017.
Dr. Mar was elected to the NAE in
1981 for leadership in research and
education in aerospace structures
and composite materials, and for
service to his country.

GEORGE A. OLAH, 90, Distinguished Professor of Chemistry and
Engineering and founding director, Loker Hydrocarbon Research
Institute, University of Southern
California, died March 8, 2017. Dr.
Olah was elected to the NAE in
2009 for contributions to the development of chemical technologies
for environmentally favored and
carbon-neutral energy conversion.
HAROLD A. ROSEN, 91, retired
vice president, Hughes Aircraft
Company, and independent consultant, died January 30, 2017. Dr.
Rosen was elected to the NAE in
1973 for fundamental contributions

to spin stabilization and synchronous operation of communications
satellites.
ARTHUR H. ROSENFELD, 90,
Distinguished Scientist Emeritus,
Lawrence Berkeley National Laboratory, died January 27, 2017. Dr.
Rosenfeld was elected to the NAE
in 2010 for leadership in energy efficiency research, development, and
technology deployment through
the development of appliance and
building standards and public policy.
ANATOL ROSHKO, 93, Theodore von Kármán Professor of
Aeronautics Emeritus, California
Institute of Technology, died January
23, 2017. Dr. Roshko was elected to
the NAE in 1978 for contributions
to our knowledge of separated flows,
turbulent wakes, and mixing layers.
EUGENE C. SAKSHAUG, 93,
consulting engineer, independent
consultant, died November 26,
2016. Mr. Sakshaug was elected
to the NAE in 1986 for leadership
in developing high-voltage surge
arresters for the protection and
increased reliability of electrical
power systems.
ROLAND W. SCHMITT, 93,
president emeritus, Rensselaer Polytechnic Institute, died March 31,
2017. Dr. Schmitt was elected to
the NAE in 1978 for contributions
of materials and energy technology.
ROGER W. STAEHLE, 82, adjunct
professor, University of Minnesota,
Minneapolis, and consultant, died
January 16, 2017. Dr. Staehle was
elected to the NAE in 1978 for contributions to the quality and strength
of national and international efforts
to mitigate corrosion.
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KENNETH N. STEVENS, 89,
C.J. LeBel Professor, Massachusetts Institute of Technology, died
August 19, 2016. Dr. Stevens was
elected to the NAE in 1986 for
acclaimed advances in deciphering
the mysteries of speech recognition
and production, and for leadership
of a distinguished speech center.

JAMES E. VAN NESS, 90, professor emeritus, Northwestern University, died September 9, 2016. Dr.
Van Ness was elected to the NAE in
1998 for computer algorithms used
in the design and operation of electric power systems.

WILFORD F. WEEKS, 88, glaciologist, University of Alaska,
died February 10, 2017. Dr. Weeks
was elected to the NAE in 1979
for application of research on the
strength properties of sea ice to the
engineering problems encountered
in Arctic waters.

Publications of Interest
The following reports have been
published recently by the National
Academy of Engineering or the
National Academies of Sciences,
Engineering, and Medicine. Unless
otherwise noted, all publications are
for sale (prepaid) from the National
Academies Press (NAP), 500 Fifth
Street NW–Keck 360, Washington,
DC 20001. For more information
or to place an order, contact NAP
online (www.nap.edu) or by phone
(800-624-6242). Note: Prices quoted
are subject to change without notice.
There is a 10 percent discount for
online orders when you sign up for a
MyNAP account. Add $6.50 for shipping and handling for the first book and
$1.50 for each additional book. Add
applicable sales tax or GST if you live
in CA, CT, DC, FL, MD, NC, NY,
PA, VA, WI, or Canada.
Building America’s Skilled Technical
Workforce. Skilled technical occupations—those that require a high
level of knowledge in a technical
domain but do not require a bachelor’s degree for entry—are a key
component of the US economy.
In response to globalization and
advances in science and technology, American firms are demanding
workers with greater proficiency in
literacy and numeracy, as well as

strong interpersonal, technical, and
problem-solving skills. But there are
concerns that the nation may not
have an adequate supply of skilled
technical workers to ensure its competitiveness and economic growth.
This report examines the coverage,
effectiveness, flexibility, and coordination of the policies and programs that prepare Americans for
skilled technical jobs, and provides
action-oriented recommendations
for improving the US system of
technical education, training, and
certification.
NAE member Katharine G. Frase,
retired vice president, Education
Business Development, International Business Machines Corporation,
was a member of the study committee. Paper, $65.00.
Engineering Technology Education in
the United States. The vitality of the
innovation economy in the United
States depends on the availability
of a well-educated technical workforce. A key component of this
workforce consists of engineers,
engineering technicians, and engineering technologists. However,
unlike the much better known field
of engineering, engineering technology (ET) is unfamiliar to most
Americans and goes unmentioned

in most policy discussions about the
US technical workforce. This report
seeks to shed light on the status,
role, and needs of ET education in
the United States.
NAE members Katharine G.
Frase, retired vice president, Education Business Development,
International Business Machines
Corporation, and Ronald M.
Latanision, senior fellow, Exponent
Inc., chaired the study committee.
Paper, $47.00.
Strengthening Data Science Methods
for Department of Defense Personnel
and Readiness Missions. The Office
of the Under Secretary of Defense
(Personnel & Readiness, P&R)
is responsible for the total force
management of all Department of
Defense (DoD) components including the recruitment, readiness, and
retention of personnel. P&R must
be able to answer questions for the
secretary of defense such as how to
recruit people with an aptitude for
and interest in various specialties
and along particular career tracks
and how to assess on an ongoing
basis service members’ career satisfaction and ability to meet new
challenges. P&R must also address
larger-scale questions such as how
the current realignment of forces
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to the Asia-Pacific area and other
regions will affect recruitment,
readiness, and retention. While
DoD makes use of large-scale data
and mathematical analysis in intelligence, surveillance, reconnaissance, and elsewhere—exploiting
techniques such as complex network analysis, machine learning,
streaming social media analysis, and
anomaly detection—these skills and
capabilities have not been applied
as well to the personnel and readiness enterprise. This report offers a
roadmap and implementation plan
for the integration of data analysis
in support of P&R decisions.
NAE members on the study
committee were Stephen M. Robinson (chair), professor emeritus,
University of Wisconsin–Madison;
Cynthia Dwork, Distinguished
Scientist, Computer and Information Sciences, Microsoft Research;
and Stephen M. Pollock, Herrick
Emeritus Professor of Manufacturing, University of Michigan. Paper,
$50.00.
Cryptographic Agility and Interoperability: Proceedings of a Workshop. In
May 2016 the National Academies
of Sciences, Engineering, and Medicine hosted a workshop on Cryptographic Agility and Interoperability.
Speakers discussed the history and
practice of cryptography, current
challenges, and future possibilities.
This publication summarizes the
presentations and discussions from
the workshop.
NAE members on the workshop
steering committee were Fred B.
Schneider (chair), Samuel B. Eckert Professor of Computer Science,
Cornell University, and Butler W.
Lampson, technical fellow, Microsoft Corporation. Paper, $41.00.

Accomplishments of the US Global
Change Research Program. The interagency US Global Change Research
Program (USGCRP) is mandated
by Congress to “assist the nation
and the world to understand, assess,
predict, and respond to humaninduced and natural processes of
global change.” Since the USGCRP
began, scientific understanding of
global change has increased and
the information needs of the nation
have changed dramatically. A better
understanding of what is changing
and why can help decision makers
in the public and private sectors
cope with ongoing change. This
report highlights the growth of
global change science in the quarter
century that the USGCRP has been
in existence, and documents some
of its contributions to that growth
through its primary functions of
interagency planning and coordination and of synthesis of research and
practice to inform decision making.
NAE member Warren M. Washington, senior scientist, Climate
Change Research Section, Climate
and Global Dynamics Division,
National Center for Atmospheric
Research, chaired the study committee. Paper, $35.00.
Flowback and Produced Waters: Opportunities and Challenges for Innovation:
Proceedings of a Workshop. Produced
water—water from underground
formations that is brought to the
surface during oil and gas production—is the greatest-volume
byproduct of oil and gas production.
Management of this water is challenging not only for industry and
regulators but also for landowners
and the public because of differences in quality and quantity of the
water, infrastructure needs, costs,
and environmental considerations

associated with disposal, storage,
and transport. Unconventional oil
and gas development involves technologies such as hydraulic fracturing that result in flowback water,
which may mix with the produced
water. The volume and composition
of flowback and produced waters
vary with geography, time, and sitespecific factors. A National Academies of Sciences, Engineering,
and Medicine workshop sought
to highlight the challenges and
opportunities associated with managing waters from unconventional
hydrocarbon development, and particularly potential beneficial uses for
them. This publication summarizes
the presentations and discussions
from the workshop.
NAE members on the workshop
steering committee were Akhil
Datta-Gupta, Regents Professor
and L.F. Peterson ’36 Chair, Harold Vance Department of Petroleum Engineering, Texas A&M
University–College Station,
and Bridget R. Scanlon, senior
research scientist, Bureau of Economic Geology, Jackson School of
Geosciences, University of Texas at
Austin. Paper, $70.00.
Measures of Community Resilience for
Local Decision Makers: Proceedings
of a Workshop. The 2012 National
Research Council report Disaster
Resilience: A National Imperative
identified the development and
use of resilience measures as critical
to building resilient communities.
Although many kinds of resilience
measures exist and continue to be
developed, very few communities
consistently use them. Federal or
top-down programs to build resilience often yield mixed results, and
bottom-up efforts are often difficult for communities to implement
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alone. A major challenge for many
communities is identifying a starting point and defining a process to
develop their own approaches to
resilience measures. Other challenges include lack of political will
due to competing priorities and limited resources, finite time and staff,
lack of data and/or inadequate data
sharing among community stakeholders, and limited understanding
of hazards and/or risks. The National Academies of Sciences, Engineering, and Medicine organized a
workshop in July 2015 to facilitate
the exchange of knowledge and
information about ways to advance
the development and implementation of resilience measures by and in
diverse communities. This publication summarizes the workshop presentations and discussions.
NAE members on the workshop
planning committee were Gerald E.
Galloway Jr. (chair), Glenn L. Martin Institute Professor of Engineering, University of Maryland, College
Park, and Chris D. Poland, consulting engineer. Free PDF.
Using Narrative and Data to Communicate the Value of Science: Proceedings
of a Workshop—in Brief. How should
science—both its findings and its
value to society—be conveyed to
members of the public who lack
either scientific training or serious
interest in scientific progress? In
October 2016 the National Academies of Sciences, Engineering, and
Medicine convened a workshop
to explore ways of better presenting science—both specific findings
and the processes of discovering
and confirming—to the public and
policymakers. Participants discussed
ways to develop data-enriched narratives that communicate the work
of basic research in an engaging and

rigorous way. They also explored the
ways research provides the foundation for products, services, and
activities that are of broad benefit
to humanity. This publication summarizes the workshop presentations
and discussions.
NAE members on the workshop
planning committee were Paul Citron, retired vice president, Technology Policy and Academic Relations,
Medtronic Inc., and David E. Daniel, deputy chancellor, University of
Texas System. Free PDF.
Innovations in Federal Statistics: Combining Data Sources While Protecting
Privacy. Federal statistics provide
critical information to the country
and play a key role in a democracy.
For decades, sample surveys with
instruments carefully designed for
particular data needs have been a
primary method of collecting data
for federal statistics. But the costs of
conducting such surveys have been
increasing while response rates have
been declining, and many surveys are
not able to fulfill growing demands
for more timely information and for
more detailed state and local information. This report examines the
opportunities and risks of using government administrative and private
sector data sources to foster a paradigm shift in federal statistical programs that would combine diverse
data sources in a secure manner to
enhance federal statistics. This first
of a two-part series discusses the
challenges faced by the federal statistical system and the foundational
elements needed for a new paradigm.
NAE member Cynthia Dwork,
Distinguished Scientist, Computer
and Information Sciences, Microsoft Research, was a member of the
study panel. Paper, $58.00.

Assessment of the National Science
Foundation’s 2015 Geospace Portfolio
Review. At the request of the NSF
Advisory Committee for Geosciences (AC GEO), a review of the Geospace Section of the NSF Division
of Atmospheric and Geospace Sciences was undertaken in 2015. The
internal Portfolio Review Committee (PRC) was charged with reviewing the facilities, research programs,
and activities funded by the Geospace Section and recommending
critical capabilities and investments
needed to enable the science program articulated in the 2013 NRC
decadal survey Solar and Space Physics: A Science for a Technological
Society. The PRC report Investments
in Critical Capabilities for Geospace
Science 2016 to 2025 (ICCGS) was
accepted by AC GEO in April 2016.
This new Academies report provides
an independent assessment of the
ICCGS report, evaluating how well
it provides clear findings, conclusions, and recommendations for the
Geospace Section that (a) align with
the science priorities of the NRC
decadal survey and (b) adequately
take into account factors such as the
current budget outlook and the science needs of the community. This
study also makes recommendations
focused on options and considerations for NSF’s implementation of
the ICCGS recommendations.
NAE member Peter M. Banks,
Visual Communications Inc. and
Liberty Plugins Inc., was a member of the study committee. Paper,
$65.00.
Progress Toward Restoring the Everglades: Sixth Biennial Review, 2016.
The Everglades ecosystem has been
highly engineered (and otherwise
heavily influenced) and is intensely
managed by humans. Water moves
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through a maze of canals, levees,
pump stations, and hydraulic control
structures, and a substantial fraction
is diverted from the natural system
to meet water supply and flood control needs. The water that remains
is polluted by phosphorus and other
contaminants from agriculture and
other human activities. This report
is the sixth biennial review of progress toward meeting the goals of
the Comprehensive Everglades
Restoration Plan (CERP), a complex, multibillion-dollar project to
protect and restore the remaining
Everglades with a 30–40 year timeline. The report also discusses scientific and engineering issues that may
affect further progress, and notes
that a dedicated source of funding
could provide ongoing long-term
systemwide monitoring and assessment critical to meeting restoration
objectives. The report examines the
implications of knowledge gained
and changes in widely accepted scientific understanding regarding predrainage hydrology, climate change,
and the feasibility of water storage
since the CERP was developed.
NAE member Charles T.
Driscoll Jr., Distinguished Professor
and University Professor, Department of Civil and Environmental
Engineering, Syracuse University,
was a member of the study committee. Paper, $90.00.
Review of the Edwards Aquifer Habitat Conservation Plan: Report 2. The
Edwards Aquifer in south-central
Texas is the primary source of water
for San Antonio, supplies irrigation
water to thousands of farmers and
livestock operators, and is the source
water for several springs and rivers,
including the two largest freshwater springs in Texas that form the
San Marcos and Comal Rivers. The

unique habitat afforded by these
spring-fed rivers has led to the development of species found in no other
locations on Earth. But because
of variations in spring flow due to
both human and natural causes,
these species are continuously at
risk and are recognized as endangered under the federal Endangered
Species Act (ESA). The Edwards
Aquifer Authority and stakeholders
have developed a Habitat Conservation Plan (HCP) to manage the
river-aquifer system to ensure the
viability of the ESA-listed species
in the face of drought, population
growth, and other threats to the
aquifer. This report reviews progress
in implementing the recommendations from the committee’s first
report, seeks to clarify and provide
additional support for implementation efforts where appropriate, and
reviews selected applied research
projects and minimization and
mitigation measures, to help ensure
their effectiveness in benefiting the
listed species.
NAE member Danny D. Reible,
Donovan Maddox Distinguished
Engineering Chair, Texas Tech
University, chaired the study committee. Paper, $45.00.
Information Technology and the US
Workforce: Where Are We and Where
Do We Go from Here? Recent significant advances in computing and
communication technologies have
had profound impacts on society
as technology transforms the ways
we work, play, and interact. New
industries, organizational forms,
and business models are emerging.
Technological advances lead to significant changes for some workers as
IT and automation change the way
work is conducted by augmenting or
replacing workers in specific tasks,

eliminating some jobs and creating new ones. This report explores
interactions between technological, economic, and societal trends
and identifies possible near-term
developments for work. It stresses
the need to understand and track
these trends and develop strategies
to inform, prepare for, and respond
to changes in the labor market.
It notes questions to be addressed
and identifies promising research
pathways.
NAE members on the study
committee were Tom M. Mitchell (cochair), E. Fredkin University Professor and chair, Machine
Learning Department, Carnegie
Mellon University, and Eric Horvitz, Distinguished Scientist and
director, Microsoft Research. Paper,
$66.00.
2015–2016 Assessment of the Army
Research Laboratory. The National
Academies of Sciences, Engineering, and Medicine’s Army Research
Laboratory Technical Assessment
Board (ARLTAB) provides biennial assessments of the scientific
and technical quality of ARL
research, development, and analysis programs, focusing on ballistics
sciences, human sciences, information sciences, materials sciences,
and mechanical sciences. This
report summarizes the ARLTAB
findings from reviews conducted by
the panels in 2015 and 2016 and
subsumes the 2013–2014 interim
report.
NAE members on the assessment board were Jennie S. Hwang
(chair), CEO, H-Technologies
Group, and Board Trustee and
Distinguished Adjunct Professor,
Case Western Reserve University;
George (Rusty) T. Gray III, fellow,
Los Alamos National Laboratory;
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Wesley L. Harris, Charles Stark
Draper Professor of Aeronautics
and Astronautics, Massachusetts
Institute of Technology; and Alan
Needleman, TEES Distinguished
Research Professor, Department of
Materials Science and Engineering, Texas A&M University. Paper,
$69.00.
Report 1 on Tracking and Assessing
Governance and Management Reform
in the Nuclear Security Enterprise. A
congressionally mandated study in
2013–2014 led to the 2014 report
A New Foundation for the Nuclear
Enterprise, presenting findings on

the current health of the enterprise,
the root causes of its governance
challenges, and recommendations
to address the identified problems.
It concluded that governance
structures and many practices of
the enterprise were inefficient
and ineffective, putting the entire
enterprise at risk over the long
term. Recognizing the persistence
of governance and management
concerns, this new report provides
an initial assessment of the implementation plan developed by the
National Nuclear Security Administration and the Department of
Energy for addressing the earlier

report’s recommendations. Seven
semiannual interim reports will
evaluate progress in implementing the plan, and a final report at
the end of the study will document
overall progress in executing the
implementation plan, assess the
effectiveness of reform efforts under
that plan, and recommend further
action as needed.
NAE member Paul A. Fleury,
Frederick William Beinecke Professor of Engineering and Applied
Physics and professor of physics,
Yale University, was a member of
the study committee. Free PDF.
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