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A systematic literature review of analysis of success of undergraduate engineering women
students in the US
Introduction
Over the past three decades, women in the United States (US) have outpaced men in
enrollment and degree obtainment in higher education1, but not in engineering education2,3.
Figure 1 provides the percentage engineering bachelor's degrees awarded to female students of
all engineering bachelor's degrees awarded in the US from 2006 to 2014. While the earlier
downward trend is reversed, the significant underrepresentation of women in engineering
remains. The underrepresentation of women creates a lack of diversity in engineering
workforce, which hampers development of innovative and customer-centric solutions, and is due
to poor recruitment and retention. For this study, we consider retention, six-year graduation, and
academic performance as the elements of success of women engineering students, which many
researchers have studied. A systematic review of these numerous studies, which analyzes various
research findings can help educators and administrators understand and boost the success of
women in engineering education. Towards that, this paper systematically reviews and analyzes
papers published in the Journal of Engineering Education (JEE) from 1993 through 2016 that
claimed to study gender and success in undergraduate engineering programs in the US.
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Figure 1: Percentage of engineering bachelor's degrees awarded to female students of all
engineering bachelor's degrees from the US engineering institutions (2006-2014)
Process
Like any systematic review, this study organizes, evaluates, and synthesizes literature;
identifies patterns, trends, and research gaps; recommends new research areas4 ; and provides
comprehensive landscapes based on multiple studies, which can expedite further research in the
area5. Figure 2 summarizes the review process.
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Figure 2: Systematic Review Method
Define Review
Objective
The objective of our study is to systematically review and analyze literature on improving
the success of women students in undergraduate engineering in the US.
Review Type
Reviews can be broadly classified as narrative reviews and systematic reviews4. This
paper undertakes a systematic review, which is characterized by more formalized procedures for
searching, selecting, coding, and synthesizing literature6. Finfgeld expects systematic reviews to
produce a new and integrative interpretation of findings that is more substantive than those
resulting from individual investigations7. Borrego et al. consider systematic reviews to be a
promising approach to advance the field as it synthesizes prior work. The synthesis, they say, can
potentially lead to better theoretical foundations, better informed practices, and identification of
new research directions8.
Reviews can also be broadly classified as status quo reviews that present the most current
research in a given field of research, or historical reviews that present the development in a given
field of research over time9. Our review belongs in the historical category as we have included
papers from 1993.
Strategize Search
Database
We review papers from ASEE (American Society of Engineering Education)’s Journal of
Engineering Education (JEE) (ISSN 2168-9830), a primary publication choice for engineering
education researchers, especially in the US10. Pawley et al.11 argue that JEE is the flagship and
the most highly ranked journal of the American engineering education researcher community and
chose it for their gender research review that identifies dominant themes and patterns in the
structure of gender research. JEE is hosted by Wiley and provides an advanced search

mechanism; however, we did not find it to be user friendly and used Publish or Perish tool along
with Google scholar database.
Search Terms
We searched for papers having at least one term for women underrepresentation and at
least one term for success. Table 1 shows the underrepresentation and success terms. We
developed an initial set of search terms based on literature review and revised the set based on
feedback from experts in the field. The revision resulted in the addition of “student
performance”, “dropout”, and “drop-out” to the list of success terms.
Table 1 - Search Terms. (Selected papers have at least one underrepresentation term and one
success term).
Underrepresentation
terms

gender OR female OR woman OR women OR underrepresented OR
minority OR minorities

Success terms

persistence OR retention OR “student success” OR “students’
success” OR attrition OR “student performance” OR dropout OR
drop-out

Synthesis
Code and quality check
Our search, using the search terms given in Table 1, yielded 244 papers that were
published between 1993 and 2016. Out of those 244 papers, based on abstracts, we found 188
were not relevant i.e. they did not discuss success of women engineering students in the US. We
studied the remaining 57 papers and found 40 of them to be relevant. We coded those 40 papers
in an excel sheet (Table 2) and in a word document (Table 3). Author 1 proposed structures for
these tables, which Author 2 and a research scholar reviewed. Furthermore, influenced by
Borrego, et al.12 and Salleh et al.13, Author 3 conducted a quality check on the papers, which
Author 1 reviewed. Unsurprisingly, with JEE, all papers were found to be of high quality. The
authors also sought inputs from in-house researchers and external experts to maximize the
quality of the research. Appendix A provides the details of the selected 40 papers.

Table 2: Coding used for top-level information in excel sheet
Author names

How many authors are from engineering
departments

Departments of the authors

Method of study (Quantitative or Qualitative)

How many authors from education / other
departments

Subject of study (Gender, All underrepresented,
intersection such as Hispanic Women)

Universities of the authors

Title

Category (Core1, Periphery, Review)

Year of publication

Type (Analysis, Analysis + solutions, and
Analysis + Solutions with evidence)

Quality ranking (High, Medium, Low)

Table 3: Coding used for detailed information in word document
Title, Authors and Publication year

Solutions presented

Focus and Research questions

Research methods adopted

Data collected /presented

Key conclusions

Frameworks used

Quotes (from other papers)

Analysis

Important references (useful papers referred
by the paper)

Analytical Insights
In this section, we present insights based on the papers that we studied. At the outset, we
present insights on patterns of papers followed by other insights that are divided in three
temporal phases: K12, transition to college, and during college (Figure 3). We have further
divided the ‘during college’ phase in three areas; academic, social, and professional integration
based on prior work by Lee and Matusovich14, who undertook a multi-case study of six programs
for under-represented students to develop a model for co-curricular support based on Tinto’s
institutional departure model. The model included integration at academic, social, professional
and university levels. We excluded university integration as we did not find any insights in our
review in that category.

The papers with research questions having ‘gender success’ related terms are classified as core and others are
classified as periphery
1

Figure 3 – Categorization of insights in three temporal phases
Patterns of papers
Insight 1: Over time, more advanced quantitative techniques such as hierarchical multiple linear
regression, cluster analysis, and survival analysis have become more frequent.
Majority of articles in our review did quantitative analysis such as descriptive analysis15,
or predictive analysis18, 19, 20, 21,22. Over time, more advanced quantitative techniques, such
as, hierarchical multiple linear regression 20, cluster analysis23, and survival analysis24,25 are used.
16, 17

Insight 2: There is a movement towards higher inclusion of qualitative methodologies
Although more articles used purely quantitative methodologies, our sample suggests a
movement, over time, towards qualitative14,26,27 and mixed methods28-30. Figure 4 presents the
distribution with three different time periods (1993-2003, 2004-2009, 2010-2016) on the X-axis
and percentage of qualitative and mixed papers on the Y-axis. The three periods have around 12
papers each. This, perhaps, highlights the evolution of the JEE journal and the increased interest
in qualitative experiences of students. Quite possibly, such evolution has been driven by the
establishment of engineering education departments, whose faculty have been authoring more
papers.

Figure 4: Percentage of qualitative or mixed papers to the total paper that we studied. Each
period has around 12 papers.
Insight 3: Engineering education departments’ faculty have been writing more articles.
Figure 5 provides the division between authors’ affiliations from 1993, and Figure 6 from
2003, when the first paper in this sample appeared from an education department. Some of the
earlier papers have not mentioned authors’ affiliations, which is indicated by ‘information not
available’ in the figures. It seems that the establishment of engineering education departments
may have given a fillip to gender and higher quality research.
Insight 4: There has been an increase of core papers that research specific aspects of women’s
success
Women’s underrepresentation seems to be attracting more attention and the number of
papers that have research question(s) that explicitly mention some aspects of gender success has
been rising. Figure 7 presents the distribution with three different time periods on the X-axis
(1993-2003, 2004-2009, 2010-2016) and percentage of core papers on the Y-axis. The three
periods have around the same number of papers.
Insight 5: There is lesser focus on providing solutions than analyzing situation, and much lesser
focus on providing solutions with evidences
We were ideally looking for papers that tested solutions in an experimental design (with a
control or comparison group) and post-solution success measurements (such as retention). Only
two papers31,23 came close to this ideal. However, even they fell short of selecting treatment and
control groups randomly. The remaining nineteen papers only analyzed some aspects of gender
parity and seventeen papers included solutions based on analysis. One was a review paper
(Figure 8). The forty papers were written by authors from thirty universities, and Purdue (9)
appeared to be the most active followed by Virginia Tech (4) University of Florida (4), NC state
(3) and University of Washington (3).
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Figure 5: Division of papers based on authors’ affiliation (1993-2016)
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Figure 6: Division of papers based on authors’ affiliation (2003-2016)

Figure 7: Percentage of core papers over different time periods. Each period has around 12
papers.
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Figure 8: Division of papers by types
K-12
Insight 1: High school performance impacts the success in engineering education and high
schools require providing a healthy pipeline of women students
The papers that studied the K-12 phase, illustrated the importance of high school
performance and a healthy pipeline of women students. For example, Johnson & Sheppard16
(2004) and Brainard and Carlin 15 illustrated that high school performance (math and science)
predicted students’ decisions to enroll in 4-year engineering institutions, and French et al.20
illustrated that it (high school performance) predicted college GPA. Cohen and Deterding19
studied undergraduate engineering programs at the US institutions from academic years 1999–
2000 through 2004–2005 to conclude that the issue for engineering education is more of

recruitment than retention. Further, Godwin et al.32 advised that efforts to recruit women should
not solely focus on building physics, math, or engineering identities but should also emphasize
their empowerment in changing their world through engineering.
Insight 2: Women students rely on their family members for choosing their careers
Many authors have highlighted the influence of high school teachers on students’ career
choices and preparation for the choices29,30,26,33, it appears that women students also rely on their
parents and other family members for making the choices34.
Insight 3: The K12 system must help women students to develop social capital and navigational
capital
The K-12 system must facilitate developing social capital (resources embedded in a
social structure that are accessed or mobilized in purposive actions)29,30 and navigational capital
(understanding how to successfully navigate educational institutions with dominant cultural
norms)26 to ease engineering education of women. The system also must prevent discouragement
of women by peers, teachers and parents from joining STEM courses35.
Insight 4: Admission systems seem to favor men students.
The admission system favors men students by using factors such as performance in math
and science, which better predict their success, and ignore factors such as motivation, propensity
toward deep learning, and self-perception of leadership ability, which better predict success of
women students36.
Transition to college
Insight 1: Bridge programs apparently haven’t been utilized to tackle gender
underrepresentation.
We came across many studies, such as Morning et al37 and Lam38 that used bridge
programs to overcome transition difficulties of ethnic minority students, but did not come across
any similar study for women students.
Insight 2: Ethnic minority women tend to have transition difficulties due to difficulties in using
resources
Martin et al.29 discussed transition difficulties of Hispanic women students due to delayed
recognition or identification of available resources resulting in slow access and activation of
resources.
Insight 3: Curricular changes can be made to ease transition of women students into engineering
programs.
Hoit and Ohland showed, with statistically significant evidence, that presenting the real
engineering content, in the first-year itself, helps retain women students31. They changed the

introduction to engineering course to a laboratory format, where they employed active learning
with smaller class sizes, and rotated students through laboratories in each undergraduate
engineering department. They studied three different cohorts, wherein students could choose
either the new laboratory format, which 42 women students did; or traditional lecture based
format, which 92 women students did. The authors found women retention (remaining in the
program till the third year of study) in the lecture-based format was at 16%, and that in the
laboratory format was at 52%. Brainard and Carlin suggest including core courses in sophomore
instead of junior year15 to ease students’ transition into engineering.
College Experience
Retention and Persistence
We have fifteen papers in our sample that analyze chances of retention, intention of
retention, and actual retention of women students. Appendix B lists the fifteen papers that
compare retention, graduation rates, and academic performance of women engineering students
with men engineering students.
Insight 1: Women retention does not appear to be lower, and appears to be on the rise.
Five of the fifteen retention articles do not find any difference in retention between
gender39-40 and one article15 analyzes retention of only women students. The latter tracks
individual students and indicates women retention for freshmen students to be in the range of 8097%, and for sophomore students to be in the range of 82 to 89%; these retention numbers are on
the higher side as compared to the normally reported numbers.
One study22 comments on the intention of retention of students in the first year, which
was found to be lower in the case of women students. Some researchers have documented 41
women underestimating their performance, which may increase their intention to quit. Many
researchers42,15,43, 44 point out lower self-efficacy of women students and its impact on the
retention45,35.
Four studies indicate higher retention of men students 16,20,25,35. The French et al. study
works on the odds ratio. None of the four studies has showed statistically significant difference
in men’s retention, though. Three studies indicate higher retention for women19,18,46. Cohen’s
study has showed statistically higher retention for women students. The studies that are in favor
of men retention have considered the MIDFIELD database and NC university database; while
the ones that are in favor of women retention have considered a national database (Engineering
workforce commission- EWC) of 1999-2001 graduating students and a mid-Atlantic college
database. Three of the four studies that indicate higher retention for men compute 4-year
retention, while the NC study35, which indicates poor retention of women, computes three-year
retention. Min et al.25, who compute four year retention resulting in favorable men retention,
believe that men may be leaving engineering after 4 years.
Thus, not every study shows women experiencing attrition at higher rates than men,
which appears to be a preconceived notion. The studies that show higher men retention appear to
be older than the ones that show higher women retention. We tend to think that women retention
does not appear to be lower but recently it appears to be rising.

Insight 2: Women retention appears not due to the lack of abilities, but due to social barriers,
and can be countered with better social integration in their colleges.
Women choosing engineering majors face various barriers to persistence such as the lack
of self-confidence and fear of not getting accepted in their departments, which do not relate to
their abilities15, and perhaps cause women students to drop out earlier in the program25. Felder et
al.35 found that women were more likely to have transferred out in good standing and much
more likely to have transferred out after failing a course Generally, lower levels of self-efficacy
influences attrition rates15,47 and women students have poor self-efficacy than men students41.
Self-efficacy may be interplaying with academic motivation in determining
persistence20. Litzler and Young22 provide three constructs for academic motivation – ‘At-Risk
of Attrition’, ‘Committed with Ambivalence’ and ‘Committed’. While they found women to be
more likely than men to be in the ‘At-Risk of Attrition’ (odds 0.43 to 0.71) group; better
experiences can take women students to ‘Committed with Ambivalence’ compared to the
‘Committed’ group (odds ratio 0.73) group. Johnson et al.16 have found increased attrition rates
of women engineers due to disillusionment with engineering and the lack of interest in potential
lifestyles associated with engineering jobs. Hutchison et al. tried to understand the sources of
self-efficacy and found both men and women citing motivation towards success, understanding /
learning of course material, and computing abilities as the factors that influenced their efficacy
beliefs the most 48. ‘Understanding/learning course material’ (72% for women vs 55% for men),
‘not having computing ability’ (32% for women vs 12%), ‘not getting help’ (38% for women vs
19% for men) affected women more significantly48 . Woodcock et al.49 brings in another element
- providing opportunities for working in a communal or collaborative manner – to take care of
social barriers, which can help in improving women’s representation. They also claimed that that
women’s ‘thing orientation’ is poorer than men but has a significant impact on their intentions to
persist in engineering.
Retention measures such as eighth semester persistence instead of six-year graduation
help white men as discovered by Ohland et al50.
Graduation Rates
Insight 1: There is virtually no difference in the graduation rates of women and men students.
We have three articles that discuss graduation rates. Brainard and Carlin tracked only
women students (N=672) to find their graduation rates to be 71%15. Ohland et al. in their study
of nine southeast public universities found virtually no difference between men (61%) and
women students (60%) in six-year graduation rates50. Zhang et al.51 studied graduation rate at 9
universities for over 15 years and found that 3 universities showed better (six year) graduation
rate for men, one showed better for women, and pooled data did not show any difference. Thus,
it seems that there is virtually no difference in the graduation rates of women and men students.
Academic Performance (GPA)
Insight 1: Women’s overall academic performance seems to be better, but does not translate into
proportionally higher retention.

We have six articles that commented on academic performances. Three studies20,52,53
indicated better performance of women students, two indicated mixed performance 35,54, one
indicated no difference in the genders55, and one indicated better performance of men students41.
The French et al. study20 found women students having statistically significant better
GPA, when they constructed hierarchical linear regression with GPA as the dependent variable
and gender as an independent variable. Bernold et al. 53 found women students’ first semester
CGPA at 3.24, while men students were languishing at 2.97. The difference widened at the end
of the first year to 3.27 and 2.89 and was statistically significant. They further covaried GPA (of
freshman, sophomore, and junior years) with SATM (SAT-mathematics) and found women
students having better GPA than men students in all four learning type measures. The Hawks and
Spade study52 indicated that the first semester CGPA of women students was a shade better than
men students (2.79 vs 2.70).
Felder et al.35 found that, at the end of four years, women students’ overall CGPA was
higher (3.08 vs 3.02) but chemical engineering courses’ GPA was lower (2.55 vs 2.64). Mesa et
al., based on their study of a set of first year engineering students from University of Michigan
from 1997 through 2003 indicated that women had a statistically significant reduction of 0.059 in
the Physics 240 grade but a significant increase of 0.074 in the Math GPA54. Felder et al.55 found
almost identical passing rates for males and females for CHE 205 (introductory sophomore
course on Chemical Process Principles) at NC state university. Jones et al.41 studied first year
GPA of nine engineering related courses and found men students having better (but not
statistically significant) GPA (3.12 vs 2.97). They also found that, near the end of the first year,
self-efficacy was the best predictor of GPA for men (explained 33% of the variance) and women
(explained 41% of the variance).
Insight 2: Women students tend to have better professional skills such as communication, time
management, and team skills.
Lumsdaine and Lumsdaine56 studied the thinking preferences using the Herrmann Brain
Dominance Instrument (HBDI), which reveals the preferences in four different ways : A =
analytical-logical-quantitative, B =sequential-organized-detailed, C = interpersonal-sensorykinesthetic, and D = innovative-holistic-conceptual thinking. They did not find any differences in
men and women engineering students’ scores in quadrants A, B, and D; but found women
scoring significantly higher in quadrant C. The quadrant C thinking preference (teamwork skills)
of women students creates uncomfortable classroom climates for them. Further, women students
were found more adept at the professional skills such as communication and team skills34,
harboring positive attitudes toward roles and responsibilities, and having better awareness of
engineering ethics 57. However, Hunkeler and Sharp58 did not find a significant effect of gender
distribution on group performance in their four-year study of a senior laboratory course.
Lackey et al.21 found that journal score of a course predicted the first year GPA. The
correlation was stronger for men than women students, whose better predictor was high school
GPA. The journal score represents student engagement, attitude, initiative, time management
skills, study habits, and willingness to persevere. Since women students, in general, do better on

those attributes, the authors believed that the journal score did not influence their GPA as much
as men students.
Insight 3: There may not be any gender difference in creativity skills.
Charyton and Merrill59 measured creative engineering design and general creativity of
engineering students and found no difference in general creativity across genders but did find
women students better in creative engineering design in the retest. They could not explain the
results, though.
Women’s better academic performance and motivation to study engineering does not
appear to result in proportionate better retention. Felder et al.35 study points out that the women
in his study entered chemical engineering with credentials (academic, social, attitude towards
learning, and motivation to study) equal to or better than those of their men counterparts, but
exhibited erosion, relative to the men, in both academic performance and confidence as they
progressed through the curriculum. Hecht et al. 34 echoed similar pattern – women are more likely
than men to change to another major when they become dissatisfied with their class standing.
This may be due to their feeling of being isolated in the academic environment. In general, they
require proving their worth more than their men colleagues. Felder et al. 35 categorically state that
women are as capable as men to become successful engineering students and outstanding
engineers. However, their poor academic performance and lower confidence levels are due to a
variety of social factors rather than intrinsic sexual differences, and those factors can be
neutralized. Hawks and Spade52 found that women’s attitudes toward their abilities, and not their
actual academic achievement differ from men.
Perhaps, it may be incorrect to use GPA as a monolithic variable to indicate academic
performance and may require segregation of the GPA in various groups of courses or inclusion
of other measures such as development of graduate attributes. That may provide more pertinent
insights.
Academic and social integration
Integrating women students academically and socially depends on faculty’s general
demeanor towards them and use of research-based instructional strategies, and overall
instructional environment and contextual support. Reichert and Absher60 have pointed out that
more than the contents of the program, the care with which they are executed decides their
benefits. Felder et al.’s study35 had relatively more women coming from urban areas and had
more educated parents, which should have helped in, if not in academic, at least in social
integration. However, they did not find it happening. The women in the study had greater anxiety
and lower confidence levels than the men.
Faculty
Insight 1: Faculty, the key element of an education system, can help under-represented students
succeed.
Quality of experience of students with faculty members is positively correlated with
persistence and sense of belonging in the college of engineering; and is negatively correlated
with attrition as discovered by many authors30,61,15. Faculty has to be accessible and create

classroom / discipline-specific environments that welcome, include, and support participation of
all students, especially underrepresented students16. It is also important that faculty has to stave
off the stereotype threats62 and avoid disparaging statements about women students, which could
lower their self-confidence35. While Felder et al.35 point out the need to educate professors and
academic advisors about the problems and needs of women students, Murphy et al. 33 advocate
faculty exhibiting behaviors that women students perceive as a high level of care for them as
individuals. Foor et al.63 advocate that engineering educators be trained in critical cultural theory
and be aware that cultures are engineered by people. The educators, they point out, have to
change the dominant culture to be more inclusive of diversity, especially of individual diversity
(i.e. breadth of experience of an individual) of both faculty and students. Foor et al.63 also
recommend faculty to pay attention to “us” and “them” classroom dynamics that are established
as a result of “capital differences” among diverse students and to be aware that students with
average grades can also excel as engineers. In general, Foor et al.63 insist that faculty must make
under-represented students feel “more welcome” in engineering colleges. Thus faculty can
certainly help students develop the critically required social capital29 and cultural wealth26.
Insight 2: Research-based instructional strategies influence academic integration of all the
students, more so of women.
Faculty members use of research-based instructional strategies influence learning of all
the students, more so of underrepresented students like women31,64. That may be due to the
strategies creating easier opportunities for students to interact with their faculty members and
peers. While men rate library, women rate other students as an important source of information34,
which indicate the importance of cooperative learning for women students.
Contextual support
Insight 3: Contextual support influences social integration of all the students, more so of women
While contextual support is largely governed by faculty members; it also includes other
staff and students. Raelin et al.47, include a number of mechanisms such as providing financial
aid, mentoring, facilitating more students to live on campus, and establishing and developing
professional clubs, and living-learning communities in contextual support. They found women
retention to increase from 21% to 47% as the contextual support changes from low to high level,
and the men retention, with the same change, to increase mildly from 30% to 33%. Ro and
Knight64 and Murphy et al.33 also observed women students’ success can be disproportionately
improved by the factors such as mentorship, professional clubs, living-learning communities, and
peer support. Litzler and Young22 have found that better support can help overcome the risk of
attrition of women students. While developing minority programs, it is important to understand
that the gender minority is perceived to be a difficult barrier than ethnic minority30 and the
system should not treat minority students and ‘at risk’ students synonymously60.
Felder et al.35 and Johnson and Sheppard16 support Raelin et al. in providing women
engineering students with women role models and mentors, and point out the critical need of
addressing the shortage of women faculty members. Until the shortage is addressed, Felder et
al.35 suggest that colleges can rely on peer mentoring i.e. mentoring by women graduate students
and upper-class undergraduates to freshman and sophomore students.

Martin et al.29 support the need for involving family in educational process and
developing familial capital as articulated by Samuelson and Litzler 26. Martin et al.29 highlight the
need of improving parental education regarding financial aid, expected engineering course load,
and long-term benefits of earning an engineering degree, and emphasize designing events and
activities for parents by taking care of their language preferences. Samuelson and Litzler26
suggest family engagement programs to encourage familial capital by bringing families to
campus and providing them with information on how best to support students.
Minority programs and societies are special instances of institutional support and help
underrepresented students in academic and social integration, primarily by bringing them in
contact with peers, seniors, and alumni students16,14,30,29,15,64,35. There have been specific studies
of Society of Women Engineers (SWE) helping women students succeed 16,15. Many authors
found that having formal structures such as SWE (Society for Women Engineers) and
professional clubs can go a long way in providing contextual support to women students,
16,29,35,64
, thereby helping them develop social capital29. Felder et al.35 believe that such
organizations can provide career guidance and emotional support to women students and a
natural forum for successful women engineers to return to campus to portray a realistic and
positive picture of engineering as a career for women. Ro and Knight 64 claim that women
students, who participated in non-engineering clubs or activities reported greater improvement in
fundamental skills, contextual competence, and communication skills than men. Those women
students, who participated in engineering clubs for women or underrepresented minorities also
reported greater improvement in communication skills than men, although the improvement was
lesser than for those who participated in non-engineering clubs or activities. Johnson and
Sheppard 16 found a mixed impact of such organizations on retention rates of underrepresented
students, but found evidence that the most successful programs provide strong financial support,
create a successful learning environment by ensuring access to role models, faculty mentorship,
and organizing peer support. Martin et al.29 recommend supporting organizations of
underrepresented students, which can help them in evolving peer networks, which can result in
development of social capital of those students. All this amounts to creating successful and
supportive learning environment as articulated by many authors16,29,33,47.
Insight 4: Providing diverse ethnic environment helps women of all ethnicities
Trenor et al. 30 have found that diverse ethnic environments (where no group is singled
out as minority) helps in achieving a highly supportive educational environment for students of
all ethnicities, which matters more for women students.
Insight 5: Departments level initiatives also can provide contextual support
The contextual support can also be provided by individual departments, by presenting
diversity, collegiality, and multifaceted professional image that is relevant to women students’
lives. The departments having diverse faculty and staff, who respect their colleagues’ abilities
and work together towards a common departmental goal catalyzes better contextual support.
Also, the departments that offer diverse experiences and pave the way for jobs that are “prosocial” or humanistic, provide comprehensive type of life, and value competence in several areas
simultaneously are liked by women students33,61.
Professional integration

This is an important area but has not yet attracted sufficient attention of researchers.
Insight 6: Women tend to have better professional skills but have subdued career aspirations.
Women students were found more adept at the professional skills such as communication
and team skills34,56, harboring positive attitudes toward roles and responsibilities, and having
better awareness of engineering ethics57. Professional setttings tend to have teams with various
gender compositions (majority men, majority women, mixed) and Laeser65 found that the
composition influences team functioning and quality of team products.
Researchers also found that women students tend to be more practical and are influenced
by teachers, parents, and other family members regarding their career choices34.While they give
importance, like their men counterparts, for the rewarding careeers 34 and their extrinsic utility
value41; they tend to give more importance to availability of information regarding career
opportunities and financial returns34, and job availability and job security52. While Hawks and
Spade52 found that women do not give importance to engineering fitting their interest; Jones41
found that both men and women give equal value to it.
Hawks and Spade52 found women having subdued career aspirations i.e. they do not see
themselves in supervisory positions and earning money at par with their men counterparts. The
authors deduce that the conflicts between professional and personal responsibilities, and not
abilities and attitude, as the reason for the subdued aspirations. They also found that some
women students do feel the lack of confidence in their ability to succeed as a barrier and expect
to be employed in fields other than engineering. They, further, found that women tend to have
non-traditional views about their careers vis-a-vis men. For example, women, more likely than
men, agree that a wife should make long-range career plans just as her husband does, disagree
that a wife should leave her job to follow a husband’s career, and also disagree that men are
financially responsible for supporting the family. At the same time, they hold traditional views
about their roles in family responsibility, especially child-rearing. Such a mix of traditional and
non-traditional views, may result in role-conflicts, and perhaps in the subdued career aspirations.
Essentially, there is a huge difference in the way women and men think about their careers and
family responsibilies. It seems that men are blissfully ignorant of women’s career aspirations and
expectations about the men’s contribution in family responsibilities 52. The educators and parents
need to work on these aspects so that women can realize their potential in contributing to the
engineering profession.
Conclusion
The US has 56% women among college graduates66, but less than 20% among
engineering graduates67. In the professional world, the situation is gloomier. National Science
Foundation reports that12.9% of all US engineers are women and the percentage thins rapidly as
the seniority level rises68. That motivated us to carry out a systematic review of literature on
analyzing success of women engineering students. We focused on the most prominent
engineering education journal, JEE and studied the relevant 39 articles that were published
between from 1993 through 2016.

The articles appear to be using more advanced statistical techniques and qualitative or
mixed methods, and appear to be coming from a few institutions such as Purdue and more from
recently established education departments. The articles reveal that the commonly held notion of
the women having higher attrition and lower graduation rates may not be true. In fact, the women
students appear to be doing well on those measures, despite facing stereotype threats in both
academic and social environment. We found the solution space for improving success of women
students in engineering in the US focusing on recruitment in K-12, community colleges, and
regular colleges; and better academic and social integration with the help of refined instructional
environment and superior contextual support to women students.
In the literature review we came across only two papers providing solutions with
evidence. As noted by other researchers, even though the justification for many solutions appears
to be intuitively sound, the lack of empirical support makes generalizability to other programs
difficult69. Further, most of the insights appear to be originating from a few institutions and may
depend on institutional settings. Thus, practitioners need to understand both the sources setting
and their setting before attempting to utilize these insights. Future research to identify how
insights depend on institutional settings could better support educators in utilizing appropriate
insights in their contexts. Moreover, we came across only one paper in JEE that study countries
outside the US. The treatment of such under-representations in other countries may offer some
useful directions and solutions to the US engineering education system and vice versa.
All the studies we reviewed define success in the academic and not the professional
context. Given the critical need for diversity in the workforce, professional success requires
significant attention. In fact, engineering students’ real success is in their professions. From that
perspective, longitudinal studies that track professional performance of alumni and linking that
to different dimensions of college performance may help. Currently, academic performance is
largely researched in terms of GPA and changing that to disaggregated GPAs and graduate
attributes can help.
While the problem of lower numbers graduating women engineers is clear to all, there are
different views about right approaches. Ohland et al.50 point out that treating all students the
same is not actually equitable as a given treatment may have different effects on different
groups. On the other hand, some argue that any student with the will to excel, regardless of race
or gender, would benefit, if apprised of effective learning techniques and, if exposed to good
teaching practices60. We believe that the truth may lie somewhere in between. While some
techniques and practices may not influence populations differently, some clearly do; and
implementation will play a significant role in the results. Thus, we agree with Reichert and
Absher60 when they say that programs must be implemented with care and concern for the local
context.
Our study has some limitations. The term ‘student success’ appears to be in the process of
getting formalized and the searches on the term may have missed some papers. While we have
used many associated search terms such as performance, persistence, etc. and gotten our search
strategy reviewed by experts, it is possible that, we still may have missed some relevant papers.
Our review presents qualitative and not statistical meta-analysis as there are very few papers that
present quantitatively proven solutions. Our limitations also include not covering LGBTQA

(Lesbian, Gay, Bisexual, Transgendered, Questioning, and Allied) students and including
explicit search terms on recruitment.
Like Pawley et al.11 our systematic review was limited to JEE – the premier US journal of
engineering education. To more deeply understand the issues, a meta-review that includes
journals such as IJEE (International Journal of Engineering Education), AEE (Advances in
Engineering Education), and JWMSE (Journal of Women, Minorities, in Science and
Engineering) broadly from the US perspectives; and EJEE (European Journal of Engineering
Education) and AAEE (Australasian Association for Engineering Education) from the global
perspectives is warranted. We, however, believe that analysis reported in the paper can help in
understanding and catalyzing the success of women engineering students and can provide
foundational support towards more comprehensive research.
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Ohio state

Quan

Assessing
general
creativity and
creative
engineering
design in first
year
engineering
students

2009

Periphery

Assess creativity
through the
Creative
Engineering
Design Assessment
(CEDA) in men
and
woman engineering
students for
comparison with
men and women
non-engineering
students

Analysis

Mesa et
al.

-

-

3

Education

U of
Michigan

Quant

Measuring the
impact of an
individual
course on
students’
success

2009

Periphery

Does enrollment in
Applied Honors
Calculus II have a
positive causal
impact on
subsequent
academic
performance
for engineering
students

Analysis

Jones et
al.

-

-

4

Engineering
Education

Virginia
Tech

Quant

An analysis of
motivation
constructs with
first‐year
engineering
students:

2010

Core

Do men and
women differ with
respect to their
engineering
expectancy-related
beliefs, value-

Analysis

Relationships
among
expectancies,
values,
achievement,
and career
plans

related beliefs,
achievement, or
career plans?

Ohland
et al.

1

Electrical

6

Education
Sociology,
Corporate

Purdue,
San Diego,
Rose
Hulman

Quant

Race, gender,
and measures
of success in
engineering
education

2011

Core

Which measures of
success are
justifiable to
women and
minorities?

Analysis
+
solution

Min et
al.

1

Chemical

4

Engg,
Education,
researcher

Korea,
Purdue, U
of Florida,
East
Carolina

Quant

Nonparametric
survival
analysis of the
loss rate of
undergraduate
engineering
students

2011

Core

Does the profile of
risk of dropout
differ among
groups with
different
backgrounds?

Analysis

Lathem
et al.

1

Civil

2

Education

Vermont

Mixed

The socially
responsible
engineer:
Assessing
student
attitudes of
roles and
responsibilities

2011

Core

Are there
differences in
student attitudes
related to
graduating class,
academic major
(civil, civil /
environmental,
environmental), or
gender?

Analysis

-

2

workforce
dev,
criminology

Washingto
n, Arizona

Quant

Understanding
the risk of
attrition in
undergraduate
engineering:

2012

Core

How are individual
characteristics,
student
experiences, and
perceptions related
to qualitative

Analysis

Litzler
and
Young

-

Results from
the project to
assess climate
in engineering
Woodco
ck et al.

Martin
et al.

Raelin et
al.

-

3

differences among
students in their
risk of attrition?

5

Psychology
and
engineering
education

Purdue

Quant

Engineering
students' beliefs
about research:
Sex differences,
personality, and
career plans

2012

Core

-

3

Education,
Psychology

Clemson,
Virginia ,
Houston

Qual

The role of
social capital in
the experiences
of Hispanic
women
engineering
majors

2013

Core

2
Electrical,
1 Mech

2

Education,
Admin

Northeaste
rn, RIT,
Wyoming,
Virginia
Tech

Quant

The gendered
effect of
cooperative
education,
contextual
support, and
self‐efficacy on
undergraduate
retention

2014

Core

Will thing
orientation be a
significant
predictor of
intention to pursue
a research career in
engineering, and
will be a stronger
predictor of
research career
intentions for
women than men?
For Hispanic
women whose
parents
have limited
educational
attainment, how
they manage social
capital

Analysis

What is the effect
on retention of
demographic
characteristics,
cooperative
education,
contextual support,
and three
dimensions of selfefficacy?

Analysis
+
solution

Analysis
+
solution

Hollowa
y et al.

-

-

4

Education,
Administratio
n

Purdue,
TAMU,
Ohio,
Northwest
ern

Quant

Research‐
informed policy
change: a
retrospective on
engineering
admissions

2014

core

Is there statistically
significant
evidence of
admission
decision gender
bias for
engineering
applicants?

Analysis
+
solution
with
evidence

Samuels
on and
Litzler

-

-

2

County office
of education,
workforce
development
director at
university

U of
Washingto
n

Qual

Community
cultural wealth:
an assets‐based
approach to
persistence of
engineering
students of
color

2016

Core

What differences in
community cultural
wealth emerged at
the intersection of
race/ethnicity and
gender?

Analysis
+
solution

Pawley
et al.

-

-

3

Engineering
education

Purdue

Review

Gender in
engineering
education
research: a
content analysis
of research in
JEE, 1998–
2012

2016

Review

What are the
dominant themes
and patterns in the
structure of gender
research published
in JEE?

Review

Ro and
Knight

-

-

2

Education

Virginia
Tech,
Bowling
Green
State

Quant

Gender
differences in
learning
outcomes from
the college
experiences of
engineering
students

2016

Core

How do curricular
emphases,
instructional
approaches, and
participation in cocurricular activities
differently affect
engineering
learning outcomes
by gender?

Analysis
+
solutions

Godwin
et al.

2

Physics

2

Education

Purdue,
Florida,
TAMU

Quant

Identity, critical
agency, and
engineering: an
affective model
for predicting
engineering as
a career choice

2016

Core

To what extent do
students’ beliefs
differ between men
and women?

Analysis
+
solution

Atwood
and Prez

1

Engineeri
ng

1

Psychology

Elizabeth
Town

Quant

Creativity as a
factor in
persistence and
academic
achievement of
engineering
undergraduates

2016

Periphery

Can creativity
predict engineering
student persistence
and achievement
relative to
demographics,
academic aptitude,
and personality?
Are the predictors
of persistence and
achievement
consistent
throughout the UG
program?

Analysis

Appendix B: Details of retention, graduation rates and academic performance of women engineering students wrt men
engineering students (15)

Article

Felder et al. (1995), A
Longitudinal Study of
Engineering Student
Performance and
Retention. III. Gender
Differences in Student
Performance and Attitudes

No of students

Total 108 (Men
77, Women 31)

Total 1151
Moller‐Wong and Eide
(1997), 'An engineering
student retention study’

Men 980
Women 171

Brainard and Carlin.
(1998), 'A six‐year
longitudinal study of
undergraduate women in
engineering and science’
Hawks and Spade (1998),
Women and men
engineering students:
Anticipation of family and
work roles

Women 672

Total 249
Men 207
Women 42

Student types

Students from Chemical
Engineering

Cohort of students, who
enrolled for the first time
in the College of
Engineering at Iowa State
University in the fall of
1990
Science and engineering
students from University
of Washington; 19911996
All students enrolled in
first year introduction to
engineering course at a
private university

Women
Six-year
graduate
rate

Women Retention

Academic
Performance

Comments

Not
Available
(NA)

84% in the second
year and 77% in the
fourth year (for men
the numbers were
92% and 81%,
respectively

Fourth year
overall GPA for
women 3.08 and
chemical GPA
was 2.55 (For
men 3.02 and
2.64)

No statistical
significance

Not
Available
(NA)

There was no
difference in chances
of retention based on
gender (no mention
of specific statistical
para)

NA

The model
estimates risk of
attrition

71% for
1991

Freshman women
80-97% and only
sophomore women
82-89%
(incremental)

NA

Individual students
are tracked

NA

NA

Women 2.79 vs
Men 2.70

Johnson et al. (2004),
'Relationships between
engineering student and
faculty demographics and
stakeholders working to
affect change

Total 3773.8 K
(‘000)
Men 1894 K

High school class of 1990
from all over the US

59% for
women as
against 70%
for men

NA

NA

No statistically
significant effect of
gender (odds ratio
was 0.87 but p value
was > 0.05)

NA

Includes only
permanent
residents and
citizens

Women 1879 K
Two cohorts

French et al. (2005), 'An
examination of indicators
of engineering students'
success and persistence

Brown et al. (2005),
'Influence of African
American engineering
student perceptions of
campus climate on
graduation rates'

Bernold et al. (2007),
'Understanding Our
Students: A LongitudinalStudy of Success and
Failure in Engineering with
Implications for Increased
Retention’

Total 1,756
Men 1,425
approx.
Women 331
approx.

Students
graduated
between 19992001 –
estimated to be
more than 219 k

of engineering UG
students from a large US
mid-western
university, who enrolled
during 2000 and 2001
academic years.
EWC (engineering
workforce commission)
national data. Average of
engineering graduates of
1999, 2000, 2001 and
average of freshmen
enrollment of 1994,95,
and 96.

Total 1022
Men 846
Women 176

Incoming freshmen of
2002 of North Carolina
State University (NCSU).

75.4% for
women vs
72.7% for
men
students.

NA (The
study period
was limited
to 3 years)

NA

60% for both men
and women at the
end of three years

Women have
higher GPAs.
P=0.05 R2=0.18

NA

After the 1st
semester:
Women CGPA
3.24 as against
men CGPA of
2.97;
After the 2nd
semester the
difference was
amplified to,
3.27 vs 2.89

Five year (and not
six-year graduation
rates)

Women scored
significantly higher
on Motivation and
Time Management
of LASSI; 26%
women migrated to
other courses

311 K total with
70K engg from
Midfield;
Ohland et al. (2008),
'Persistence, engagement,
and migration in
engineering programs

73K total with
7K engg from
NSSE;
160 engg
students from
APS

MIDFIELD (for
persistence), NSSE (for
engagement) and APS
(Academic pathways) (for
longitudinal experiences)

NA

No difference in
retention of men and
women (no mention
of specific statistical
para)

NA

First-time students
(no transfer
students)

NA

No differential
attrition by gender.
Disparities are due
to inadequate
enrollment of
women. Excluded
28% programs,
whose data was
found to be
unreliable

No gender
division

Cohen and Deterding
(2009), 'Widening the net:
National estimates of
gender disparities in
engineering'

Jones et al. 2010. 'An
Analysis of Motivation
Constructs with First-Year
Engineering Students:
Relationships Among
Expectancies, Values,
Achievement, and Career
Plans',
Min, et al. (2011)
'Nonparametric survival
analysis of the loss rate of
undergraduate engineering
students

Total on average
390,913 per year
Women on
average 74,079
per year

The population of UG
engineering programs at
U.S. institutions—data
cover academic years
1999–2000 through
2004–2005

Four-year retention
at freshmen level is
76% for women and
66% for men;
NA
At only sophomore
levels 92% for
women, and 82% for
men.

Total 363
Men 285

Freshmen of a public mid
Atlantic university

NA

NA

Women 78

Total 100,179
Men 79,397
Women 20,782

Nine southeast public
universities
(MIDFIELD), every
student who attended
from 1987 to 2004.

NA

Women 74% vs men
79.2%

Men GPA was
3.12 as against
women GPA
was 2.97 (no
statistical
difference,
though)

NA

Includes only
direct entry to first
year engineering
and looks at fouryear time horizon

Ohland et al. (2011) 'Race,
Gender, and Measures of
Success in Engineering
Education'

Litzler and Young (2012),
'Understanding the risk of
attrition in undergraduate
engineering: Results from
the project to assess
climate in engineering
Atwood and Pretz (2016)
'Creativity as a Factor in
Persistence and Academic
Achievement of
Engineering
Undergraduates'

Total 73,154
Men 57,730
Women 15,424

Total 10,366

Total 85
Men 72
Women 13

Nine southeast public
universities
(MIDFIELD), every
student who attended
from 1987 to 2004.

NA

First time in
college students
matriculating in
engineering –
excludes
international
students

NA

Chances of women
retention are
statistically
significantly lower.

NA

This is not based
on actual attrition
but based on
students’ intention

NA

65% men and 69%
women

NA

NA

53% for
both men
and women

60% for women and
61% for men

21 schools that
participated in PACE
(Project to assess climate
in engineering) survey

A small, private, liberal
arts college in the MidAtlantic region, 2011 and
2012 freshmen

