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Abstract Electrical Engineering (EE) is one of the largest
engineering disciplines. Analysis of the student population
specifically within EE provides insights into a large segment of
the undergraduate engineering population. Using a dataset
from universities in the United States of America that includes
over 70,000 students who majored in engineering, this work
considers the subset of that population matriculating in EE.
The rates of EE matriculation and six-year graduation vary by
race and gender. The relevant findings are that males out
number females at all levels of undergraduate EE. EE is the
most popular choice for Asian and Black males at
matriculation and the second choice (after ME) for Hispanic
and White males. EE is much more popular for Asian and
Black females than Hispanic and White females at
matriculation and graduation. In fact, more Black females
graduate in EE than in any other engineering discipline. The
six-year graduation rate of EE matriculants is higher than that
of students of other engineering disciplines. These findings
suggest the importance disaggregating by engineering sub-
discipline and examining how such information is useful in
improving recruitment and retention overall.
Keywords-Electrical Engineering, retention, race, gender

I. INTRODUCTION

There have been numerous calls to diversify the
engineering profession [1, 2]. Electrical Engineering (EE) is
one of the oldest engineering disciplines dating back to the
1880s [3] and also one of the largest. Thus analysis of the
student population within EE provides insights into a
significant segment of the undergraduate engineering
population. Despite having high enrollments of students, EE
has one of the lowest percentages of women students around
the world including in the U.S.A. [4], Canada [5], and Israel

[6].

Many studies of undergraduate student persistence
aggregate all engineering disciplines [7, 8, 9, 10, 11]. This
may often be a practical limitation imposed by the available
data that results in small datasets when disaggregated by
engineering discipline. For example, York Young and
Redlinger [12] analyzed the student flow for 23 EE
matriculants at one institution over six years. They found that
14 (61%) of the EE matriculants graduated in six years. Six
of these were in EE, three in Computer Science, and one
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each in five other majors. Humphreys and Freeland [13]
found that 68% of 422 EECS matriculants at one institution
were still in the major after four years. They note that women
were a small fraction of the cohort and persisted in
engineering at lower rates than men and switched out of the
major at higher rates than males.

Given our extensive dataset, we are able to disaggregate
not only by engineering discipline but also by race and
gender. This permits an investigation of EE students at an
unprecedented scale and detail. In this paper, we examine
how the matriculation and six-year graduation patterns of EE
matriculants in the U.S.A. vary by both race and gender.

Research on retention of women in science, technology,
engineering, and mathematics (STEM) disciplines in general
and engineering in particular contains “conflicting
evidence” regarding gender differences in persistence [14, p.
23]. A variety of studies have reported that women
matriculating in engineering majors persist at the same rates
as men [8, 9, 14, 15, 16, 17, 18, 19]. Other studies found
lower persistence for women in engineering [7, 10] although
these contained unique metrics for success which are
difficult to compare with others.

Despite the sparse evidence supporting the claim that
there is a gender gap in engineering persistence, there is a
pervasive popular belief that women persist at lower rates
than men. One source of this assumption is the inclusion of
studies that measure persistence from pre-college STEM
intention rather than college matriculation. Starting at this
earlier point reduces the overall persistence rate and
conflates the gender gap in pre-college choices regarding
college STEM enrollment with the persistence after
matriculation. Another likely reason for the belief in a
gender gap in persistence is the severe gender gap in the
enrollment-presence of women, which may be confused
with the persistence of women. Overall, a careful
investigation reveals that amidst some conflicting evidence,
most research finds no significant difference in men’s and
women’s engineering persistence rates. The gender gap in
engineering is not a problem of persistence; rather, it is the
result of fewer women enrolling in engineering compared
with other majors.
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In analyses of engineering persistence, it is important to
adopt a critical race theory framework [20] and consider the
intersectionality of race and gender. Intersectionality refers
to how gender operates together with race, not
independently, to produce multiple, overlapping forms of
discrimination and social inequality [21]. Failing to
disaggregate data on women by race produces results that
are over-generalized rendering minority women “invisible”.
Women in engineering do not necessarily share common
experiences of marginality. For example, women of color
may experience both sexism and racism, compounding their
experiences of exclusion.

Reichert and Absher [22] reported data on minority
retention rates from the National Action Council for
Minorities in Engineering (NACME), but they neither
tracked individual students nor disaggregated by race or
gender. May and Chubin’s significant 2003 study for
NACME [23] spoke clearly to the issue of representation of
underrepresented minorities disaggregated by race and
gender, but did not disaggregate by engineering major and
did not track individual students to address the issue of
persistence or graduation rate. Cook and Cérdova [24] also
disaggregated by race in their study of representation. Each
of these studies provided valuable data relating the
importance of examining race within engineering. Yet,
understandably, each study was limited in scope because of
the difficulty involved in examining all relevant variables:
race, gender, cohort, major, matriculation status and
persistence to graduation.

The vast majority of undergraduate engineering degrees
in the U.S.A. are awarded to students who identify as
“White”'. In 2004, Whites received 65% of the engineering
bachelor’s degrees. Asians received about 12% of
engineering bachelor degrees). Hispanics received about 7%
of these degrees. Blacks received 5% of all engineering
degrees while Native Americans account for less than 1%
[25]. Except for Asians, each group received about the same
proportion of non-engineering STEM degrees. In 2005 [26]
about 1/3 of the bachelor’s degrees for Whites, Blacks,
Hispanics, and Native Americans were in science and
engineering fields. By contrast, almost half of the Asian
graduates earned bachelor’s degrees in science and
engineering. There is a wealth of literature on the
experiences of people of color within science and
engineering, yet much of this research aggregates science,
math and engineering (SME) and/or underrepresented
minorities: Blacks, Hispanics, and Native Americans and
does not disaggregate race and gender.

A comprehensive study [27] found that Black and White
students are as likely to select STEM fields of study and to
persist for three years, but that differences accrued to

"In the U.S.A., the racial category “White” refers to people of European,
Middle Eastern, and North African descent “Asian” refers to people with
origins in any subcontinents of the Far East, Southeast Asian, or India.
“Hispanic” refers to those who trace their origin or descent to Mexico,
Puerto Rico, Cuba, Spanish speaking Central and South America countries,
and other Spanish cultures. “Black” refers to Americans of African descent.
“Native American” include American Indians and Alaska Natives. More
details are available at http://www.census.gov/
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graduation—62.5% of Blacks persisting for three years
graduate within six years compared with 94.8% for Asian
Americans and 86.7% for Whites. Yet these persistence
issues may not be related to majoring in STEM disciplines
alone. Rather, low minority persistence in STEM is a
microcosm of low persistence in higher education. Research
by Elliott et al. [28] found that ethnicity was not a predictor
of persistence beyond what could be explained by ability as
measured by scholastic aptitude tests (SAT) math (SATM)
scores and achievement (high school grades). The SATM
scores of Blacks and Hispanics are known to be
substantially lower (1 and 0.75 standard deviations
respectively) than those of Whites [29]. Large differences in
persistence result when comparing high-performing Blacks’
(62% persistence per Hilton et al., 1989) to a broader cross-
section of Black students (34% persistence per Ref 28).

Asian students are unique among students of color in
engineering because they are not underrepresented, and they
demonstrate the highest persistence [13, 30, 31]. They show
the strongest predilection for engineering and the smallest
proportionate losses in SME majors during their
undergraduate years [7]. Smyth and McArdle [32] reported
a 63% graduation rate for Asians matriculating in SME, as
compared to 55% for Whites and 38% for underrepresented
minorities including Black, American Indian, and Hispanic
students (p.371). Similarly, research by Bonous-Hammarth
[33] indicated that Whites and Asians had similar attritions
rates from SME majors (25% and 26%, respectively)
considerably less than the 44% for African American,
Hispanics and Native Americans.

The Hispanic population is the U.S.A.’s fastest-growing
minority group [34]. Demographic predictions suggest
Hispanics may be poised to have the greatest effect on
engineering education [35]. Yet the educational gap
between Hispanics and other groups continues to widen,
especially in engineering [36], possibly as a result of factors
affecting Hispanics’ participation in education generally,
such as health care, nutrition, adequacy and stability of
housing, neighborhood environments, and a lack of
engineering role models [37, 38]. Similar to women and
Blacks, among Hispanics the proportion of bachelor degrees
awarded in engineering has only marginally increased since
1991 [39]. Nonetheless, there is room for the numbers of
Hispanics to increase in engineering because this major is
the third most popular destination (after social sciences and
psychology) among Hispanic bachelor degree recipients.

Native American women are much more likely to
participate in higher education and to earn bachelor’s
degrees than Native American men. Yet, like all women,
they are less likely to choose science and engineering fields
as college majors [40, 41]. In 2004, Native American
women accounted for only 0.5% of engineering students in
the U.S. A. [25]. From 1995 to 2005, Native Americans
remained steady at approximately 0.65% of all
undergraduate engineering students [42]. Of those Native
American  students receiving bachelor’s  degrees,
approximately 4% were in engineering [26]. Besides Lord et
al. [16], no other references with details on the persistence
of Native Americans in engineering could be found.
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II. METHODS

This study uses the Multiple-Institution Database for
Investigating Engineering Longitudinal Development [11,
43], a dataset with more than 79,000 students matriculating
in engineering at nine southeastern institutions that awarded
1/12 of all U.S. engineering bachelor’s degrees from 1987 to
2004. The results should be generalizable to large public
institutions. We focus on first-time-in-college U.S.A. citizens
/  permanent residents matriculating directly in an
engineering discipline including Electrical (EE), Mechanical
(ME), Chemical (ChE), Civil (CE), and Industrial (IE). Due
to the small numbers, Computer, Materials, and other
engineering fields including Bioengineering are not
considered. In the population studied, the number of students
in Bioengineering is two orders of magnitude smaller than
the largest majors preventing disaggregation by race and
gender. Students self-report gender and race choosing among
Asian, Black, Hispanic, Native American, and White (as
well as Non-Resident Alien and Other, each of which are not
included in this study). Since we have whole population data,
inference is unnecessary—all reported differences are valid.
Note that students who matriculated into “first-year
engineering” are not included here, since we are studying the
disciplinary character of matriculation. Graduation is defined
as having graduated by the sixth year following a standard of
reporting by the Integrated Postsecondary Education Data
System (IPEDS) [44]. Thus, in this paper, we consider
students who matriculated from 1988-1998 and graduated six
years later.

III. RESULTS

A. Context and Rationale for Studying EE

To contextualize our results for EE students, we begin by
showing the numbers of students enrolled in various
engineering disciplines at semesters 1 and 12. Women and
men prefer different engineering disciplines at matriculation
and graduation [45]. Table 1 shows the number of women
and men at matriculation (Sem 1) and six-year graduation
(Sem 12) for Asian, Black, Hispanic and White students.
The top two choices of men at matriculation and graduation
are Mechanical (ME) and Electrical (EE), yet the order
varies by race. At matriculation and graduation, Asians and
Blacks prefer EE to ME while Hispanics and Whites prefer
ME to EE.

For women of all races, Chemical is the top choice at
matriculation. EE is the second choice at matriculation for
Asian and Black women while ME is the second choice for
Hispanic and White women. Similar to the men, at
matriculation and graduation, Asian and Black women
prefer EE to ME while Hispanic and White women prefer
ME to EE. By graduation, IE is the most popular major for
Hispanic and White women, Asian women still prefer
Chemical, and Black women prefer EE. The large number
of students matriculating in EE results in a large number of
students of all race-gender combinations in that population,
making it suitable and interesting for detailed study. We
next consider those EE matriculants in more detail
disaggregating by race and gender.

NUMBERS OF STUDENTS MATRICULATING IN (SEM 1) AND GRFiADEi'l]::H\IIG IN (SEM 12) ENGINEERING DISCIPLINES BY RACE AND SEX.
Women at Matriculation (Sem 1) Women at Sem 12
Major Asian Black Hispanic White Asian Black Hispanic White
Chemical 147 711 48 1110 91 330 19 448
Civil 45 370 42 699 21 179 22 412
Computer 68 183 18 224 34 31 2 71
Electrical 107 701 33 502 79 339 14 242
Engineering, Other 37 72 24 428 13 34 8 158
Industrial & Systems 51 365 40 480 56 316 37 527
Materials 11 32 6 244 6 29 8 161
Mechanical 75 402 44 1048 35 237 18 444
Men at Matriculation (Sem 1) Men at Sem 12
Major Asian Black Hispanic White Asian Black Hispanic White
Chemical 282 432 77 2355 146 173 35 1042
Civil 131 645 132 2931 65 250 70 1759
Computer 373 302 133 2174 219 74 64 1041
Electrical 674 1695 248 4646 453 714 121 2331
Engineering, Other 68 77 40 1044 27 26 19 418
Industrial & Systems 96 350 116 993 120 231 113 1160
Materials 58 44 28 633 35 31 22 478
Mechanical 522 1220 329 7053 279 530 130 3275
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B. Matriculation in EE

Table 2 shows the number of EE matriculants and their
percentage among engineering matriculants disaggregated
by race and gender. The top panel of Figure 1 emphasizes
that men of each racial group are more likely than women to
matriculate in EE. A similar gender gap is found for ME and
Computer Engineering but not other engineering disciplines
studied [45]. Overall, 12% of women and 19% of men
choose EE at matriculation. Of all racial groups, Black
students choose EE at matriculation at the highest
percentages of all subpopulations. Of Black men who
matriculate in engineering, 30% choose EE, the highest of
any group. The second highest percentage is 24% for Asian
males. EE attracts 21% of Black women in engineering, the
highest of any group of women with the second highest
percentage being 14% of Asian women. Notably, only 8%
of White women matriculate in EE resulting in a smaller
number of White women than Black women despite the
greater presence of White women in Engineering.

Semester 1 in EE

White
Black -—~—~"""~""~""~"~"~"~"~~~~~~ ® - O -~
Asian o o
Hispanic
Nat-Am

White ° o
Black
Asian ° o

Hispanic o o

Nat-Am & - - - - - -~ O -

Number of Students

Figure 1. For all races, more men (open circles) than women (filled circles)
matriculate and graduate in EE.

C. Six-year Graduation

The bottom panel of Figure 1 emphasizes that more men
of each race also graduate within six years in EE than
women [45]. Table 3 shows the number and percentage of
EE matriculants who graduate in six-years in EE, percentage
who switch from EE to another engineering major, and
percentage who graduate in any engineering major. As
shown in Figure 2 (for populations greater than 30 to avoid
computing percentages of small numbers) the percentage of
EE matriculants who graduate within six years in EE varies
by race and gender from a low of 30% for Hispanic women
to a high of 57% for Asian women. Asian students do
particularly well in EE as evidenced by their high EE
graduation rates. Asian and Black women EE matriculants
graduate in six years in EE and engineering (ENGR) at a
rate equal to or higher than men of the same ethnic group.
Black women graduate at 43% compared to 38% for Black
men. White men and women EE matriculants have very
similar graduation rates: 41% of White men and 40% of
White women EE matriculants graduate in EE. 56% of
White women graduate in some engineering discipline
compared to 55% of the White men. Except for Hispanic
women, the graduation rates of female EE matriculants is
consistent with other reports of performance of engineering
matriculants disaggregated by race [16].

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

TABLE 2
NUMBERS OF STUDENTS MATRICULATING IN EE AND ENGINEERING
BY RACE AND SEX. DATA ORDERED BY % CHOOSING EE.

Race & Sex No.in EE  No. in ENGR Percent EE
Black Male 1695 5707 30%
Asian Male 674 2799 24%
Black Female 701 3365 21%
Native-Am. Male 26 136 19%
Hispanic Male 248 1416 18%
White Male 4646 29286 16%
Asian Female 107 757 14%
Hispanic Female 33 332 10%
White Female 502 6673 8%
Native-Am. Female 2 39 5%
All Female 1345 11166 12%
All Male 7289 39344 19%
ALL 8634 50510 17%
All Matriculants in EE
Me My Male\ Y Female
Asian 107 674~~~ -~~~ -~~~ ~ O --@----
Black 701 1695~~~ -~~~ O - @
White 502 4646 ———~—~— -~~~ O------==-====--
Hispanic 33 248 ~~-®-~-~-C-~~-~~-~ T T
30 40 50 60

% of n graduating in EE

Figure 2. Except for Hispanics, more women (filled circles) matriculating
in EE graduate in EE within six years compared to men (open circles).

If EE matriculants graduate in an engineering discipline,
they are most likely to graduate in EE of any engineering
major for all races and genders. By six years from
matriculation, fewer than 16% of EE matriculants switch
from EE to another engineering major. Within that 16%,
women and men of each ethnic group are equally likely
(within 2%) to switch from EE to another engineering
major, except for Native Americans where our sample
population is quite small. For those who switch, Computer
Engineering is the most popular destination within
Engineering for Asian, White, and Hispanic males.
Industrial Engineering (IE) is the most popular second
choice for White females, Black males, and Black females.
Populations of other subgroups have less than 5 students
switching to another engineering destination.

EE matriculants are a successful group among
engineering matriculants. As shown in Table 4 for
populations with sample sizes greater than 10, EE

matriculants graduate in six years in engineering at higher
rates than all engineering matriculants. Asian women show
the greatest difference: 69% for EE matriculants and 62%
for engineering matriculants. White women, Hispanic men,
Black men and women are all have differences less than 2%.
The only exception to this is White males who graduate at
equal rates. This suggests that EE matriculants are similar to
all engineering matriculants. Given that this is whole
population data, the differences seen here are real.
However, more study is needed to determine if they are
meaningful for particular race-gender combinations. For
example, what is different about Asian women who
matriculate in EE versus those matriculating in engineering?
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TABLE 3
NUMBERS OF EE MATRICULANTS GRADUATING IN SIX-YEARS IN EE AND
ENGINEERING BY RACE AND SEX. ORDERED BY % RETAINED IN EE.

Switching

from EE
Number Retained to another Graduating
Race & Sex in EE in EE ENGR in ENGR
Asian Female 61 57% 12% 69%
Asian Male 350 52% 12% 64%
Native-Am. Male 12 46% 8% 54%
Black Female 298 43% 7% 50%
White Male 1889 41% 14% 55%
White Female 203 40% 16% 56%
Hispanic Male 98 40% 14% 54%
Black Male 646 38% 5% 43%
Hispanic Female 10 30% 12% 42%
All Female 2359 43% 11% 54%
All Male 1209 41% 12% 53%
ALL 3568 41% 12% 53%

TABLE 4

PERCENTAGE OF MATRICULANTS GRADUATING IN SIX-YEARS IN
ENGINEERING BY RACE AND SEX. ORDERED BY DIFFERENCE BETWEEN EE

AND ENGR.
Race & Sex ) EE ) ENGR Difference
matriculants  matriculants %EE — %ENGR
Asian Female 69% 62% +7%
Native-Am. Male 54% 47% +7%
Asian Male 64% 61% +3%
White Female 56% 54% +2%
Black Male 43% 41% +2%
Black Female 50% 49% +1%
Hispanic Male 54% 53% +1%
White Male 55% 55% 0%

IV. DISCUSSION

Researchers have begun to explore the reasons why
women prefer some engineering disciplines over others.
Early socialization, influence of parents and teachers,
academic preparation and success, work experience and
networks have been cited as important factors [46, 47].
Some research suggests that women prefer majors with a
clear benefit to society; thus researchers advocate providing
meaningful contexts for problem solving and applications to
help attract women [48]. However, Hartman, Hartman, and
Kadlowec [49] surveyed 83 first year female engineering
students in mechanical and electrical engineering and
compared them with those in chemical and
civil/environmental —engineering. They found that
background differences, differences in general academic and
math/science self-confidence, attributions of success, and
expectations about the engineering degree did not account
for the differences in proportions of women in the different
engineering majors. No statistically significant differences
were found between women and men in all majors regarding
their expectation that their engineering degree would help
them make an important contribution to society. The
researchers did find differences in the reported engineering
self-confidence of women entering the different majors.
“Work needs to be done on raising the self-confidence of

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

other qualified women, so that they too will consider the
most non-traditional engineering disciplines.” They also call
for more research on the persistence of women in these
majors. Our work addresses this quantitatively. Further
qualitative analysis is necessary to understand the reasons
why students matriculate and graduate in EE.

Interesting recommendations for promoting EE for
women have been suggested by Hazzan, Levy and Tal [6].
They developed a one-day introduction to EE for female
high school students and showed a dramatic change in the
students’ perception of the field and willingness to study it.
They argue that it is important to show prospective students
a realistic image of EE including the multidisciplinary
nature and its connection to many aspects of society rather
than dwelling on EE as an “exceedingly difficult” topic.
Such workshops indicate the importance of diversifying
images of engineering presented to potential students. For
minority students and women students, exposure to similar
role models and cultivating potential mentorships are also
important. Many universities successfully host summer
workshops designed to attract and immerse potential
students into the field of undergraduate engineering.

EE is relatively successful at attracting students
including women and minorities especially Blacks. This
might be related to the large number of electrical engineers
so that the chances of students having heard of EE or seen
an EE role model are greater than for other engineering
disciplines. Qualitative research examining differentiation
by engineering major, race and gender is necessary.

V. SUMMARY/CONCLUSIONS

Based on the findings presented here, the trajectories of
students matriculating in EE are gendered and racialized.
This merits further study to better understand who EE
students are and identify potential recruiting opportunities to
draw more students into the field. Further qualitative
research is needed to understand the reasons behind these
enrollment and graduation numbers. This work raises
questions for discussion among the EE education
community where the input of many is vital to addressing
the issues and enhancing the profession.
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