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Introduction

The underrepresentation of women and underrepresented minorities (URM, def. non-White, non-
Asian) in engineering undergraduate programs can be attributed to a multitude of factors,
including, but not limited to, insufficient access to high-quality curriculum and instruction and
barriers in recruiting into engineering programs at the K-12 level, low self-efficacy, lack of peer
support, inadequate academic advising or faculty support, harmful stereotypes of particular
groups that influence interactions in classrooms or in peer groups, and a chilly or unappealing
climate [1-9]. Given potential granularity of the problem within and across institutions, it is
important for faculty and administrators to assess issues of diversity and inclusion as proximal as
possible to their own academic units. With this in mind, the goal of this study was to assess
internal (self-concept) and external (climate) issues in our own undergraduate student population
(UD College of Engineering). In particular, we were interested in whether internal and external
issues differentially impacted underrepresented students, specifically, women and students of
color (designated URM in this report).

Methods

We administered a voluntary survey to the entire engineering undergraduate student body (Table
1). The survey included items from validated instruments specific to engineering undergraduates
for self-efficacy with math and science skills, engineering application, and hands-on prototyping
[15-17]. Custom items were also included that built upon the five aforementioned themes from
the focus group study [11]. The survey was administered electronically (Qualtrics, Provo, UT) to
all engineering disciplines and grade bands over the course of two weeks in Spring 2018. Survey
responses were compared by gender (male, female) and race (URM or majority) using one-way
ANOVA with post-hoc adjustment (JMP Pro, SAS Institute).

Results

The survey response rate was 10% of the student body population (n=246). Survey respondents
were demographically representative of the at-large population by race (13.5% survey
respondents vs. 10.5% population), and women were slightly over-represented (40.8% survey
respondents vs. 24.1% population). Survey results indicated differential experiences by gender
and race across several thematic areas (see Table 1). In terms of professional identity, women,
but not URMs, rated themselves lower in science, engineering, and problem solving self-efficacy
as compared to their majority peers. Women were more hesitant than majority peers to approach
a faculty member for help, to ask questions in class, and to participate in class discussions.
Women also experienced significantly higher self-reported stress levels related to workload and
modestly more stress related to financial concerns. URMs were less likely to cite sufficient



financial aid opportunities and reasonable workload as positive influencers, but their self-
reported stress levels related to workload and financial concerns were no different than majority
students. Both women and URMSs did report higher incidents of both experiencing and observing
others experiencing peer-to-peer micro-aggressions; however, micro-aggressions were uniformly
rare for peer-to-peer interactions as well as faculty-to-student interactions.

Conclusions

While student scores for self-concept and climate were overall fairly high, there were some
concerning differences for minority populations. The survey results highlighted deficiencies in
self-efficacy for women students that are highly consistent with the literature [5,6]. Women
students were less comfortable contributing to group discussions and asking faculty for
assistance, neither of which were reported concerns for URMs who were actually more
comfortable approaching faculty. While incidences of micro-aggressions against women and
URM students were reported in a prior focus group study with this same student body, our
survey results showed that reported incidence of micro-aggressions was relatively rare and
countered by fairly strong statements from both majority and minority students about inclusive
course atmosphere. This is not to suggest that even rare instances of micro-aggressions are to be
tolerated in our classrooms, and stronger evidence of their persistence and detrimental effects are
presented in the literature [5,6].
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Table 1: Results from cross-sectional survey of undergraduate engineering student body. Differential experiences by race and gender
are presented only when statistically significant (p<0.05, one-way ANOVA). Table continued, overleaf.

Gender Race
Population Male Female Effect Size Non-URM URM Effect Size
Mean (St.Dev) Mean (StDev) Mean (StDev) (p value) Mean (StDev) Mean (StDev) (p valie)

High School Preparation

Do you feel your high school coursew ork adequately prepared vou to be successful in an engineering curriculum? /37 Yes, [2]
Somewhar, [1] No

Number of High S chool Engineering Co or Extra-Curricular Programs Participated

2.27 (0.75)

1.57 (1.34)

Peer Interactions

To what extent do you agree with the following statements about your engineering courses?

[3] Swongly agree, [4] Agree, [3] Neither agree nor disagree, [2] Disagree, [1] Smongly disagree
-1 can relate to the people around me in my class

2.88 (1.28)

-1 have a lotin common w ith other students in my class. 2.81(1.24) 2.96(1.29) 2.60(1.11) 0.35 (0.03)
- The other students in my class share my personal interests. 2.68 (1.08)

-1 can relate to the people around me in my extracurricular activities. 2.85(1.29)

Please indicate the degree to which each factor has positively influenced your decision to stay in your major. [4] Significant Influence,

[3] Moderate Influence, [2] Small Influence, [1] No Influence

- Positive interactions with other engineering or computer science students 1.91 (0.92)

- Positive experiences in design teams or other collaborative leaming experiences in engineering or computer science 2.37(0.97)

- Friendly climate in engineering or computer science class 2.08 (0.95)

How often did the following occur in your experience as a student in [computer science or engineering] courses? /4] Almost Ahways,

[3] Offten, [2] Occasionally, [1] Almost Never

-1 observed other students being ignored or excluded because of their backgrounds or identities. 1.34 (0.69) 1.25(0.62) 1.45(0.78) 0.20(0.03) 1.29(0.67) 1.64 (0.82) 0.35(0.008)
-1 was harassed or discriminated against by others in my major because of my background or identity. 1.19 (0.55) 1.16 (0.50) 1.39(0.75) 0.24 (0.03)
Faculty Interactions

Please indicate the degree to which each factor has positively influenced your decision to stay in your major. /4] Significant Influence,

[3] Moderate Influence, {2] Small Influence, [1] No Influence

- Engineering or computer science faculty/department personnel show an interest in me 2.39 (1.06)

- Reasonable workload of engineering classes 2.52(1.03) 2.58 (1.09) 2.15(0.94) 0.44(0.03)
- Faculty help me understand w hat practicing engineers or computer scientists do 2.25 (0.94)

- Good teaching by engineering and computer science faculty, instructors, or graduate assistants 1.95 (0.94)

- Effective academic advising by engineering or computer science faculty or advisors 2.37 (1.05)

How often did the following occur in your experience as a student in [computer science or engineering] courses? [4] Aimost Afways,

[3] Often, [2] Occasionally, [1] Almost Never

- My instructors and I discussed diversity issues. 1.71 (0.83)

- My instructors emphasized the importance of diversity in the workplace. 2.01 (0.95)

-1 observed the use of offensive words, behaviors, or gestures directed at students because of their backgrounds or identities. 1.32 (0.68)

-1 felt intimidated by some of my engineering and/or computer science mstructors. 2.15 (0.96) 1.97 (0.92) 2.43(0.97) 0.46 (0.002)
- Open channels of communication exist between faculty and students. 2.87 (0.85)

- Students are treated equitably and fairly by faculty in my major. 3.20 (0.83)

- Course content reflects contributions of all engineers or computer scientists, including women and people of color, efc. 2.98 (0.89) 3.16 (0.81) 2.73(0.95) 0.43 (0.002)
- Students of all backgrounds/identities participate in class (in discussion, in-class assignments, team projects, etc.). 3.08 (0.88) 3.22(0.86) 2.89 (0.90) 0.33 (0.004)
-1 received positive feedback from instructors thatI can do well in engineering and/or computer science courses. 2.69 (0.99)

- My engineering and/or computer science courses had an open and positive atmosphere. 2.98 (0.86) 3.11(0.80) 2.82(0.94) 0.29(0.01)



Table 1, continued:

Gender Race

Population Male Female Effect Size Non-URM URM Effect Size
Mean (StDev) Mean (StDev) Mean (StDev) (p value) Mean (StDev) Mean (StDev) (p value)

Faculty Interactions, continued

For the following items please indicate your level of agreement: [ 7] Strongly agree, [0] Agree, [5] Somewhat agree, [4] Neither

agree nor disagree, [3] Somewhat disagree, [2] Disagree, [ 1] Strongly disagree

1 feel comfortable asking questions in my engineering and/or computer science class 5.43 (1.5) 5.73(1.31) 5.03 (1.61) 0.70 (0.003)

I feel comfortable confributing to class discussions in my engineering and/or computer science class 5.45(1.52) 5.78 (1.30) 4.98 (1.69) 0.80 (0.001)

The professors in my engineering and/or computer science classes respect me 5.79 (1.22

I would feel Fomfortable asking a professor in my engineering and/or computer science classes for help if I did not understand course- 575 (1.33) 5.95(117) 551 (147) 0.45 (0.01)

related material

‘When I interact with professors at this college, I feel they care about how I'm doing 5.43 (1.51)

Professors at this college make me question whether I should be here 2.86 (1.8)

Professional Identity

Please indicate the degree to which each factor has positively influenced your decision to stay in your major. [4] Significant Influence,

[3] Moderate Influence, {2] Small Influence, [1] No Influence

- Ability to find satisfactory co-ops and/or internships 2.39(1.09)

- My personal abilities/talents are a good "fit" for the requirements in my major 1.6 (0.79)

- Confident of succeeding in engineering or computer science future classes 1.84 (0.91)

- Sufficient opportunities for financial aid or scholarships 239(1.12) 248(1.11) 1.97(1.01) 0.51(0.02)

- Satisfactory performance on my grades in engineering or computer science 1.83 (0.93)

How often did the following occur in your experience as a student in [computer science or engineering] courses? /4] Almost Ahways,

[3] Offten, [2] Occasionally, [1] Almost Never

-1 felt like a valued member of the engineering and/or computer science community at my university. 2.66 (0.97) 2.80(0.95) 2.47(0.98) 0.33 (0.008)

- My courses emphasized acceptance of and respect for differences (of opinion, background, etc.). 2.68 (0.96)

How much stress do you feel in completing your coursew ork right now? /5] Extreme stress, [4] Significant stress, [3] Reasonable 351 (0.58) 3.33 (0.95) 376 (0.90) 0.46 (0.003)

stress, [2] Somestress, [1] No stress

How well are you meeting the workload demands of your coursework? /5] Easilv Meer All, [4] Meer All With Difficulty, [3] Cannor 3.89 (0.62)

Meet Some, [2] Cannot Meet Most, [1] Cannot Meet Any

At the present time, hc_w; confident are yourﬂ_latyou will eamn a bachelor's degree in engineering or compu‘re_r_ science? [ 5] Very 473 (0.62)

confident, [4] Somewhar confident, [ 3] Neither confident/unconfident, [ 2] Not very confident; [1] Not ar all confident

Rate yourself on each of the following traits as compared to your classmates. [5] Highesr 10%, [4] Above Average, [3] Average, [2]

Below Average, (1] Lowest 10%

- Math ability 3.90 (0.85)

- Science ability 3.79 (0.79) 3.94(0.78) 3.59(0.77) 0.35 (0.007)

- Engineering ability 3.73 (0.87) 3.97 (0.81) 3.39(0.85) 0.59 (0.001)

- Overall academic abilities 3.88 (0.75)

- Ability to apply math and science principles in solving real world problems 3.82 (0.85) 4.00 (0.83) 3.57 (0.83) 0.44 (0.001)

Family Supports

How often in your day-to-day life at [college] do you think about your financial circumstances? [5] Very often, [4] Often, [3] 522 (132) 3.06 (1.27) 343 (1.39) 0.36 (0.04)

Somerimes, [2] Rarely, [1] Never

Do you have any concern about your ability to finance your college education? [37 Major concerns, [2] Some concerns, [1] None

2.53 (0.50)






