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Gender and Race/Ethnicity in Engineering: Preliminary Findings 

from the Project to Assess Climate in Engineering 
 

Abstract 

 

How do gender and race/ethnicity jointly impact students’ perceptions of their experiences, 

abilities and their risk of attrition?  This paper discusses the generalizability of the Project to 

Assess Climate in Engineering (PACE) findings, respondent demographics and describes some 

of the preliminary analysis regarding climate, confidence and risk of attrition issues for African 

Americans, Hispanics, Whites and men and women. Analyses confirm that students across these 

demographic groups have very different experiences.  The findings provide additional evidence 

for the importance of looking at the intersection of gender and race and for separating racial and 

ethnic groups in analyses instead of grouping them into one under-represented minority category.  

The intersection of gender and race showcases the diversity of engineering student experiences 

and point to ways educators could re-think their programs and practices to improve the student 

learning environment and retention rates.   

 

Introduction 

 

This paper asks the questions: How do gender and race/ethnicity jointly impact students’ 

perceptions of their experiences and their abilities?  What is the impact of gender for each 

race/ethnicity group? What is the impact of race/ethnicity for each gender group?  This analysis 

examines four main concept areas which measure student perceptions of their experiences, 

abilities and likelihood of leaving engineering: professor-student interactions, student-student 

interactions, self-confidence and risk of attrition. 

  

These questions are increasingly relevant as a result of expected demographic shifts in the US 

population. The US Census Bureau projects that by 2050 all ethnic minority groups will 

comprise 54 percent of the United States population.
1
  This will be a major shift from 2008 when 

minorities made up one-third of the US population. Another demographic shift is related to the 

percentage of women pursuing undergraduate degrees--women now make up the majority (57 

percent) of undergraduate students nationwide.
2,3

 But women and minorities have not seen the 

same trends occurring in engineering, where they remain severely under-represented. In an era 

that demands the intellectual talent of all citizens to meet the increasingly complex technological 

challenges across the globe, the US cannot afford to miss these opportunities to engage talented 

women and minority engineering students. 

In response to this situation, researchers at the Center for Workforce Development began a study 

to take an in-depth look at the experiences of students in undergraduate engineering programs. In 

October 2006, the Alfred P. Sloan Foundation awarded a grant to the University of Washington 

for a multi-site research project intended to identify issues that affect persistence among 

engineering undergraduates while paying specific attention to the intersection of race, gender and 

academic experience. The purpose of the Project to Assess Climate in Engineering (PACE) was 

to provide methodologically sound data that would be a catalyst for climate change at the 22 

participating engineering schools.  

 



While research clearly identifies barriers for students in engineering, it is unreasonable to assume 

that women and under-represented minorities universally share similar experiences. In fact, prior 

research indicates that people’s experiences are informed by the intersection of race and 

gender.
4,5  

Very little research has been able to examine engineering student experiences at the 

intersection of gender and race. As a multi-site study based on data from diverse undergraduate 

engineering programs, and with significant numbers of African American and Hispanic 

respondents, PACE is uniquely suited to address this gap in the literature and identify how 

gender and race jointly affect student experiences. The results of this study are of increasing 

importance as more research relates certain types of student interactions to interest in 

engineering majors, and pursuit of an engineering career.
6 

 

Background 

 

A recent report from the National Action Council for Minorities in Engineering, Inc. (NACME) 

details the current state of affairs for minorities in engineering.
7
 While the findings differ 

depending on which ethnic group is referenced, the report indicates that in 2005, approximately 

12 percent of bachelor’s degrees in engineering went to under-represented minorities (URMs). 

Overall, the proportion of all engineering bachelor’s degrees awarded to URMs has declined 

from 1995 to 2005 with the notable exception of American Indians/Alaska Natives.
7
 

 

In spite of the decrease in the proportion of degrees awarded, first year enrollments among 

URMs in engineering have improved at the aggregate level. Among first-year, full-time 

engineering undergraduates between 1996 and 2006, Latinos/as experienced the largest growth 

with an 82 percent increase in enrollment, up from 4,814 to 8,773. Native Americans followed 

with a 74 percent increase, from 410 to 715, followed by African Americans with a 14 percent 

gain from 6,245 to 7,112.
8
  Although first year enrollments are experiencing an upward trend 

among these URMs, total undergraduate enrollment tells a different story. While Latinos/as and 

Native Americans have each increased their total undergraduate engineering enrollment 

numbers, the number of all enrolled African American engineering undergraduates actually 

declined between 1996 to 2006 (24,922 to 23,414).
8
  

 

Several studies have found that URMs graduate at higher rates when they are enrolled in 

programs with others of similar racial or ethnic background.
9
 These studies indirectly suggest 

that climate and demographic composition are important factors in URM retention, insofar as 

students who feel included and less marginalized are more likely to persist. Inclusion can be 

achieved in ways other than demographic composition and deserves additional attention. Brown, 

Morning and Watkins
10

 studied African American engineering students’ perceptions of climate 

and institutional retention. They found that African American students enrolled at HBCUs had 

more positive perceptions of climate but when the type of university was controlled for, 

persistence was indirectly related to the amount of perceived racism and discrimination. 

Environmental factors, then, also have an important impact on retention. 

 

The NACME
11

 report also notes structural barriers that deter minorities from entering 

engineering in the first place. These structural barriers include tuition increases coupled with 

decreases in government grants available to defer the cost of attending college. Additionally, 

NACME explores the differential impact of student loans on families given the marked increase 



in the number of people who take on such debt. Citing research by the US General Accounting 

Office, the authors report that a transition of 1,000 dollars from loans to grants among low-

income students improves the probability of graduation by 17 percent.
11

  

 

Research suggests that women’s educational experiences differ considerably from those of men 

even when they attend the same institutions and the same classes. According to the report, 

Women and Men of the Engineering Path,
12

 women and men earn similar grades in engineering 

courses but only 42 percent of women complete their degrees compared with 62 percent of men. 

Thus, academic performance does not seem to account for this difference. In fact, women who 

leave engineering have higher grades than the men who leave.
12 

 

 

Grandy
13

 concluded that women who earned engineering degrees found their courses more 

difficult and less enjoyable than did men. Also, women rated their study skills more highly than 

did men, while the opposite was true for problem-solving skills and in self-image as future 

engineers. McIlwee and Robinson
14

 concluded that women were more successful in the 

classroom than in the laboratory which coincides with findings from Brainard, Metz and 

Gilmore
15

 that indicated women were less comfortable using lab equipment than were men. 

Based on data from 400 undergraduate engineering students at the University of California at 

Davis, Sax
16

 found both men and women believed their professors to be fair and were equally 

comfortable requesting help from instructors outside of class. Thirty percent of women but only 

15 percent of men, however, indicated they were uncomfortable participating in class and also 

concerned with whether or not they would complete their engineering degrees. 

 

Since the 1982 report “The Campus Climate: A Chilly One for Women?”, study after study has 

highlighted challenges faced uniquely by women.
17

 Eight years after the AAC report concluded 

that the campus learning environment negatively affects the self-confidence of women and 

diminishes their academic and professional aspirations during and after college, Crawford and 

MacLeod
18

 reported that women’s academic performance is inhibited by low self-esteem across 

all fields of higher education. Female students tend to feel less confident in their intellectual 

abilities, and they tend to think they must be very prepared and know a great deal before 

expressing their ideas in class. Women often do not interact in classrooms out of fear that they 

will look stupid to others. Rayman and Brett
19

 also found that compared with men, women have 

lower self-confidence, perceived ability and self-reliance even though their grade point averages 

are equal to or higher than those of men. Brainard, Metz and Gilmore
20

 found that the perceived 

levels of self-confidence of females in engineering and physics courses are lower than that of 

male students in these areas.  In addition, females report an overall lower level of academic 

confidence than do males. Women begin their undergraduate studies in science, math and 

engineering with high levels of self-confidence in their abilities in these areas, but experience 

sharp declines at the end of their first year.  Brainard and Carlin
21

 reported that of those women 

who completed engineering degrees, at least 25 percent cite a lack of self-confidence as a major 

barrier to success. By senior year, this percentage increases to 44 percent.  

 

PACE Survey 

 

The Project to Assess Climate in Engineering (PACE) study had three main data collection 

components: an online student survey for undergraduates in engineering, interviews with current 



undergraduate engineering students, and interviews with undergraduate students who left 

engineering for another major at their university. All PACE schools received a final report that 

included an overview of methods, discussion of statistically significant findings and general 

trends, interview results, recommendations and a detailed analysis of each survey question 

response disaggregated by gender and race/ethnicity. Each school was also provided with the 

means of three schools of their choice for anonymized benchmarking. Because of the scope of 

the project, focusing on 22 engineering schools with in-depth surveys and face-to-face interviews 

collected with uniform methodologies, the findings from the PACE study provide an 

unprecedented opportunity to examine undergraduate experiences in engineering. 

 

Undergraduate engineering students were sampled from a diverse set of one-tiered undergraduate 

institutions using a stratified random sample with oversamples of women and under-represented 

minorities. To reduce variation across sites, we restricted the PACE study to those undergraduate 

engineering programs defined as one-tiered. In other words, each of the programs either enrolls 

its students directly from high school into the College/School of Engineering and/or provides an 

engineering advisor to students during the first year who indicated an interest in engineering on 

their college application form.  Between February and June of 2008, 38,376 engineering 

undergraduate students were invited to participate in the PACE online climate survey and 10,554 

students responded. The response rate at individual institutions ranged from seven percent to 52 

percent with an overall mean of 29 percent and a median of 28 percent. Three strategies were 

used to address and reduce the low response rate typically associated with web-based surveys.  

First, students received up to four total emails. Second, each email was sent from the local 

engineering dean or site liaison, and third, schools were given 100 dollars to use as in incentive 

which they could supplement with their own funds.   

 

The PACE survey instrument was pre-tested on undergraduate engineering students at a Pacific 

Northwest university not included in the PACE project. Prior to fielding, the survey instrument 

was also reviewed by a panel of experts in the field of science and engineering diversity and  

approved by the University of Washington’s Institutional Review Board (IRB) and each local 

school’s IRB. The final PACE instrument took respondents approximately 15 minutes to 

complete 132 items. Questions were divided into the following categories: Quality of Teaching, 

Professors, Teaching Assistants, Labs, Resources, Student Interaction, Extracurricular Activities, 

Personal Experience, Perceptions of Engineering Career, Perceptions of Engineering Major, 

Confidence and Demographic Information. Personal Experience included nine questions relevant 

to sensitive issues such as gender and race discrimination and harassment. Transfer students were 

asked to complete an additional set of 24 questions, five of which were restricted to community 

college transfer students. The survey instrument was analyzed and internal consistency 

coefficients showed adequate to excellent internal consistency with a mean α of .77.  

 

Data 

 

There were 373 African American, 139 Native American, and 1,240 Hispanic respondents to the 

survey.  The PACE survey data are unique because of the large number of under-represented 

minorities (URMs) who answered the survey, enabling analysis by racial and ethnic group which 

is not common in engineering studies.  The data answer the continued call for analyses that do 

not combine all URMs into one group, but instead focus on the experiences of each racial and 



ethnic group, as well as disaggregating by gender and race/ethnicity.
22, 23

 This type of analysis is 

often difficult because of concerns about confidentiality and cell sizes too small to conduct 

appropriate analyses. 

 

This paper focuses on African Americans, Hispanic Americans, and White Americans.  No one 

school accounts for more than 13 percent of the African American survey respondents and every 

school contributes to this number.  For Hispanic Americans, one school contributes 22 percent of 

the survey respondents, two schools combined contribute another 28 percent, and all the other 

schools contribute to the Hispanic American respondent number.  Thus, the findings discussed in 

this paper are not representative of only one or two schools, but instead are generalizable across 

schools. 

 

On account of an extremely low response rate at one school, and outlying values on questions of 

interest at another school, the following analysis is based on data from 20 of the 22 PACE 

schools.  The 22 PACE schools are composed of 77 percent public institutions, 18 percent 

minority-serving institutions and 55 percent are classified by Carnegie as having very high 

research activity (RUVH). 

 

Variables and Descriptive Statistics 

 

Table 1 lists the survey questions with the exact wording from the survey.  These variables were 

chosen for the importance of these factors in the literature for student retention and progress. 

 

  Table 1.   Survey Questions of Interest by Conceptual Area 

Professor-Student Interaction (Never, Rarely, Sometimes, Usually, All the Time) 

Do your professors inspire you to study engineering? 

Are you comfortable asking questions in class? 

Do your professors care whether or not you learn the course material? 
 

Student-Student Interaction (Never, Rarely, Sometimes, Usually, All the Time) 

Do you feel like you are part of an engineering community? 

Do other students take your comments/suggestions in class seriously? 

Do students compete with each other in your classes? 

Do engineering students help each other succeed in class? 
 

Confidence (Strongly Disagree, Somewhat Disagree, Neutral, Somewhat Agree, 

Strongly Agree) 

I am confident in my ability to succeed in my college engineering courses 
 

Risk of Attrition (Strongly Disagree, Somewhat Disagree, Neutral, Somewhat Agree, 

Strongly Agree) 

I have no desire to declare a non-engineering major (e.g. biology, theater, English, 

philosophy) 

I can think of other majors that I would like better than engineering 

 



Table 2 reports the means and standard deviations of the ten variables of interest by gender and 

race. The variable means are based on the dichotomous values as described in the Methods 

section. 

 

Table 2.  Means (Standard Deviations) for Ten Questions of Interest (PACE data)
+
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African 

American 

1.41 

(.49) 

1.56 

(.50) 

1.69 

(.46) 

1.52 

(.50) 

1.58 

(.49) 

1.42 

(.49) 

1.58 

(.49) 

1.92 

(.28) 

1.70 

(.46) 

1.43 

(.50) 

Female 1.39 

(.49) 

1.52 

(.50) 

1.67 

(.47) 

1.56 

(.50) 

1.58 

(.50) 

1.41 

(.49) 

1.53 

(.50) 

1.91 

(.29) 

1.66 

(.48) 

1.42 

(.50) 

Male 1.43 

(.50) 

1.59 

(.49) 

1.70 

(.46) 

1.50 

(.50) 

1.59 

(.49) 

1.42 

(.50) 

1.61 

(.49) 

1.92 

(.27) 

1.74 

(.44) 

1.44 

(.50) 

Hispanic 

American 

1.61 

(.49) 

1.54 

(.50) 

1.72 

(.45) 

1.58 

(.49) 

1.63 

(.48) 

1.43 

(.50) 

1.68 

(.47) 

1.95 

(.22) 

1.72 

(.45) 

1.30 

(.46) 

Female 1.63 

(.48) 

1.46 

(.50) 

1.69 

(.46) 

1.60 

(.49) 

1.61 

(.49) 

1.46 

(.50) 

1.68 

(.47) 

1.93 

(.26) 

1.69 

(.46) 

1.35 

(.48) 

Male 1.60 

(.49) 

1.58 

(.50) 

1.73 

(.44) 

1.57 

(.50) 

1.64 

(.48) 

1.42 

(.49) 

1.68 

(.47) 

1.96 

(.20) 

1.74 

(.44) 

1.28 

(.45) 

White 

American 

1.54 

(.50) 

1.59 

(.49) 

1.76 

(.43) 

1.61 

(.49) 

1.70 

(.46) 

1.37 

(.48) 

1.70 

(.46) 

1.95 

(.22) 

1.73 

(.45) 

1.32 

(.47) 

Female 1.54 

(.50) 

1.54 

(.50) 

1.77 

(.42) 

1.67 

(.47) 

1.72 

(.45) 

1.37 

(.48) 

1.72 

(.45) 

1.93 

(.26) 

1.68 

(.46) 

1.35 

(.48) 

Male 1.54 

(.50) 

1.64 

(.48) 

1.74 

(.44) 

1.55 

(.50) 

1.69 

(.46) 

1.38 

(.49) 

1.67 

(.47) 

1.97 

(.18) 

1.76 

(.43) 

1.29 

(.45) 

All 

Students 

1.55 

(.50) 

1.57 

(.50) 

1.73 

(.44) 

1.59 

(.49) 

1.67 

(.47) 

1.40 

(.49) 

1.66 

(.47) 

1.94 

(.23) 

1.71 

(.46) 

1.35 

(.48) 

Female 1.54 

(.50) 

1.52 

(.50) 

1.75 

(.44) 

1.64 

(.48) 

1.68 

(.47) 

1.39 

(.49) 

1.68 

(.47) 

1.92 

(.27) 

1.67 

(.47) 

1.38 

(.48) 

Male 1.55 

(.50) 

1.61 

(.49) 

1.72 

(.45) 

1.55 

(.50) 

1.66 

(.47) 

1.40 

(.49) 

1.65 

(.48) 

1.96 

(.20) 

1.74 

(.44) 

1.32 

(.47) 

 
+
Means computed from two point scales (1,2). 

 

Methods 

 

In order to simplify the analysis and the reporting of the findings, the five point scales reported in 

Table 1 are aggregated into dichotomous variables.  For scales that varied from “Never” to “All 

the Time”, the five values are divided into 1=Never, Rarely, Sometimes and 2=Usually or All the 

Time.  For scales that varied from Strongly Disagree to Strongly Agree, the neutral category is 

discarded and only students who responded with “Strongly Disagree” or “Somewhat Disagree” 

are coded one and those who responded “Strongly Agree” or “Somewhat Agree” are coded two.    

The recoding of the variables in this way creates easy to explain two by two tables. 



 

Because the outcome variables are all ordinal in measurement and the explanatory variables are 

nominal (race and gender), the analysis utilized 2 x 2 cross-tabulation analysis using the Chi-

square test statistic, adjusted residuals and odds ratios.  In a typical cross-tabulation, a 

statistically significant Chi-square value indicates only that the two variables are not 

independent.  In order to know where in the table the departure from independence is, one must 

examine the adjusted residuals.  For this analysis, adjusted residuals above the absolute value of 

2.0 were considered of interest.  Together, Chi-square and adjusted residuals can tell the 

researcher that there is an association and where that association is, but nothing about the 

strength of the association.  For this reason, odds ratios are used to show the strength of the 

association. Odds ratios can be computed for any 2 x 2 cross-tabulation, and are the “ratio of the 

products of cells from diagonally opposite cells.”
24

 When the odds ratio equals one, there is 

independence between the variables.  Odds ratios greater or less than one indicate a departure 

from independence, with increasing strength as they have increasing distance from 1.0. For 

example, an odds ratio of 1.25 indicates a 25 percent greater likelihood of a “success” while an 

odds ratio of .75 indicates a 25 percent lower likelihood of “success”. In this study, a “success” is 

the category with the highest value. The results section displays only the odds ratios and the 

statistical significance, not actual cells from the cross-tabulations. 

 

Results  

 

Race/Ethnicity comparisons within gender 

The results indicate that within gender, there are important racial differences between African 

Americans and Whites, and Hispanic Americans and Whites. In addition, those racial differences 

are not always the same for men and women. Reported in Table 3 are the odds ratios for each of 

these cross-tabulations.  The reference category is White males or White females, as appropriate. 

 

The variables Inspire, Comfortable and Take Seriously show racial/ethnic effects that hold for 

both men and women.  Care Learning, Community, Compete, Help Succeed, Confidence in Engr 

and Like Other Majors Better show racial/ethnic effects that hold for only one gender.  Only one 

variable under consideration shows no significant relationship to race/ethnicity among males or 

females; there is no association between racial/ethnic category and whether someone indicates 

that they have no desire to declare a non-engineering major. 

 

Compared to Whites of the same gender, African American men and women are 38 to 45 percent 

less likely to indicate they “usually or all the time” feel inspired by their professors to study 

engineering, respectively.  On the other hand, Hispanic American men and women are 25 to 48 

percent more likely than Whites to indicate that they “usually or all the time” feel inspired by 

professors to study engineering, respectively. Both male and female Hispanic American students 

are 23-26 percent less likely than White males and females to indicate that they “usually or all 

the time” feel comfortable asking questions in class.  Overall, both male and female African 

American and Hispanic American students are less likely than White students to indicate that 

other students in their classes “usually or all the time” take their comments and suggestions 

seriously.   

 

 



Table 3. Odds Ratios for Comparisons of Race within Gender Category (Reference: Whites) 

 Males Females 

 African 

American 

Hispanic 

American 

African 

American  

Hispanic 

American  

Professor-Student Interaction     

Inspire 0.62* 1.25* 0.55* 1.48* 

Comfortable 0.81 0.77* 0.93 0.74* 

Care Learning 0.81 0.94 0.60* 0.69* 

Student-Student Interaction     

Community 0.81 1.06 0.63* 0.76* 

Take Seriously 0.64* 0.78* 0.53* 0.63* 

Compete 1.18 1.18 1.21 1.44* 

Help succeed 0.78 1.06 0.44* 0.85 

Confidence     

Confidence in Engr 0.41* 0.78 0.80 1.06 

Risk of Attrition     

No Desire Non-Engr 0.89 0.87 0.88 1.01 

Like Other Majors Better 1.97* 0.94 1.34 0.97 

*Starred items have adjusted residuals greater than |2.0| and a statistically significant Chi-square 

value with p <=.05 

Note: Number of cases varies for each analysis. The minimum and maximum for males are 2855 

and 4114, respectively.  The minimum for females is 2565 and the maximum is 3279. 

 

The following racial/ethnic associations are only true of females.  African American female 

students are 40 percent less likely than White female students to indicate that their professors 

“usually or all the time” care whether or not they learn the course material.  The effect for 

Hispanic American women is similar, but not as strong.  Hispanic American female students are 

about 30 percent less likely than White females to indicate that their professors “usually or all the 

time” care whether or not they learn the course material.  Similarly, both African American and 

Hispanic American females are less likely than White females to say that they “usually or all the 

time” feel like they are part of an engineering community (37 and 24 percent less likely, 

respectively).  Hispanic American female students are about 44 percent more likely than White 

female students to indicate that students “usually or all the time” compete with each other in their 

classes.  African American female students are 56 percent less likely than White female students 

to indicate that engineering students “usually or all the time” help each other succeed in class. 

 

There are two questions on which African American males and White males show significant 

departures from the expected distribution of responses.  African American males are 59 percent 

less likely than White males to indicate that they “somewhat or strongly agree” that they are 

confident in their ability to succeed in their college engineering courses.  In addition, African 

American males are almost 100 percent more likely than White males to indicate that they 

“somewhat or strongly agree” that they can think of other majors they would like better than 

engineering.   

 

 



Gender comparisons within race/ethnicity 

The next analysis focuses on the differences between males and females within each of the three 

racial/ethnic categories examined in this paper.  The odds ratios for the odds of females 

compared to males are listed in Table 4. The reference category is males, within each race/ethnic 

group. 

 

With respect to gender differences that might exist within each racial/ethnic group, this analysis 

results in significant gender differences on eight of the variables for Whites, but no gender 

differences within the African American category and only three gender differences for 

Hispanics. The association of gender and these measures of climate and risk of attrition hold 

primarily for White students.   

 

Table 4. Odds Ratios for Gender Comparisons within Race/Ethnic Category
 
(Reference: Males)  

 
African 

American 

Hispanic 

American 

White 

American  

Professor-Student Interaction    

Inspire 0.86 1.12 0.97 

Comfortable 0.74 0.63* 0.65* 

Care Learning 0.86 0.84 1.16* 

Student-Student Interaction    

Community 1.27 1.13 1.60* 

Take Seriously 0.95 0.91 1.13* 

Compete 0.96 1.18 0.96 

Help succeed 0.70 0.99 1.25* 

Confidence    

Confidence in Engr 0.84 0.58* 0.43* 

Risk of Attrition    

No Desire Non-Engr 0.67 0.79 0.68* 

Like Other Majors Better 0.92 1.39* 1.35* 

*Starred items have adjusted residuals greater than |2.0| and a statistically significant Chi-square 

value with p <=.05 

Note: Number of cases varies from 295 to 371 for African Americans, 973 to 1237 for Hispanic 

Americans and 5124 to 6305 for White Americans. 

 

In particular, Hispanic women were 37 percent less likely than Hispanic men to indicate they are 

comfortable asking questions in class “usually or all the time”, and 42 percent less likely to 

“somewhat or strongly agree” that they are confident in their ability to succeed in their college 

engineering courses.  Hispanic women are also 39 percent more likely than Hispanic men to 

indicate that they “somewhat or strongly agree” that they can think of other majors they would 

like better than engineering. 

 

The results for the comparison of White women and men indicate departures from independence 

in eight cases.  Specifically, White women are less likely than White men to indicate they are 

“usually or all the time” comfortable asking questions in class (35 percent less), that they 

“somewhat or strongly agree” that they are confident in their ability to succeed in their college 



engineering courses (57 percent less), and that they “somewhat or strongly agree” that they have 

no desire to declare a non-engineering major (32 percent less). 

 

On the other hand, White women are more likely than White men to indicate that their professors 

care about whether they learn the course material “usually or all the time” (16 percent more), that 

they “usually or all the time” feel like part of an engineering community (60 percent more), that 

they think other students take their comments/suggestions in class seriously “usually or all the 

time” (13 percent more), that students “usually or all the time” help each other succeed (25 

percent more) and that they “somewhat or strongly agree” that they can think of other majors 

they would like better than engineering (35 percent more). 

 

Because of the lack of results for the variable No Desire Non-Engr in Table 3, Table 5 reports on 

a cross-tabulation including all students of the two Risk of Attrition variables and reports 

frequencies and cell percentages (Table 5). 

 

Table 5. Cross-tabulation of Risk of Attrition Variables 

  Can think of other majors I 

would like better Total 

  Disagree Agree  

Disagree 802 (11%) 1196 (17%) 1998 

Agree 3988 (56%) 1184 (16%) 5172 
No desire to declare 

another major 

Total 4790 2380 7170 

 

The majority of the students (56 percent) indicated that they have no desire to declare another 

major and they can’t think of other majors they would like better.  That is, a little more than half 

of the students indicated that there is no risk of attrition for reasons of wanting to be in a 

different major.  The rest of the 7170 (44 percent) indicate at least some risk of attrition because 

of interest in another major by indicating either that they disagree that they have no desire to 

declare another major, or that they agree that they can think of other majors they would like 

better.  Based on the chi-square analyses, the populations most at risk are White Women, 

Hispanic Women and African American Males. 

 

Discussion and Conclusion 

 

Having provided methodologically sound data, this study has the potential to be a catalyst for 

climate change in undergraduate engineering education.  The findings have provided evidence 

that examining the joint impact of gender and race and separating racial and ethnic groups in 

analyses is critical.  Although there were not enough subjects to examine Native Americans, 

there were enough subjects who are African American, Hispanic or White to conduct appropriate 

analyses. The joint impact of gender and race showcases the diversity of engineering student 

experiences and points to ways educators may need to re-think their practices, programs and 

policies to improve the student learning environment and retention rates for all students.   

 

The main findings from the race/ethnicity analysis within each gender group are: 

≠ African American and Hispanic Americans do not feel that they are taken seriously by 

their peers, compared to Whites.  This is true of both men and women. 



≠ There are greater disparities between different race/ethnicity groups among women than 

between race/ethnicity groups among men. 

≠ Compared to Whites, Hispanic Americans are more likely to say they are inspired by 

their professors while African Americans are less likely to say they feel inspired by their 

professors. 

 

The main findings from the gender analysis within each race/ethnicity group are: 

≠ No gender differences were found among African Americans. 

≠ Among Hispanics, gender affects professor interaction, confidence and risk of attrition 

≠ Among Whites, gender affects all four variable groups: professor interaction, student 

interaction, confidence and risk of attrition. 

 

Analyses confirm that students across the demographic groups of interest have very different 

experiences.  The findings provide additional evidence for the importance of looking at the joint 

impact of gender and race and for separating racial and ethnic groups in analyses instead of 

grouping them into one under-represented minority category.  Because of the varied results from 

the cross-tabulation analysis, no one sentence can summarize the findings.   

 

In general, the results confirm some of what is known about the differences in experience 

between women and men and between students in minority groups and majority groups, but they 

also provide new information related to widely cited research results. This study finds that 

women still feel less comfortable asking questions in class,
25

 and less confident than men.
26

 

These results have been well documented in the literature.
27  

On the other hand, this study 

contributes a nuanced understanding to this common finding: gender differences in confidence 

are only found among Hispanic Americans and Whites.  There are no gender differences in 

confidence among African Americans. In addition, the results show race differences in 

confidence among men; African American men report less confidence in their engineering 

abilities than White men. 

 

In addition, this study also contributes to the knowledge base the finding that there are more 

race/ethnicity differences among women than among men, specifically regarding professor-

student interaction and student-student interaction.  The expression “double bind” is used 

particularly for women of color in that they face two barriers in science and engineering, as a 

woman and as a minority.  The finding that they feel they face greater bias from professors and 

fellow students is a reflection of the “double bind”. This double bind may also be related to the 

recent declines in engineering enrollments by African American women.  Over the last decade, 

African American women, as a proportion of all African Americans, declined from a high of 34 

percent of full-time undergraduate engineering enrollments in 1996 to a low of 26 percent in 

2006.  Accompanying this proportional decline was a drop in absolute numbers, from 8,001 in 

2001 to a low of 6,290 in 2006.
28

  It is important to examine the causes of this trend. 

 

Compared to Whites, African Americans and Hispanic Americans (male and female) feel that 

they are not taken seriously by their peers in class. This may result in increased feelings of 

isolation, especially given that many African Americans or Hispanic Americans are often ‘solo’ 

students in engineering classes. While this finding points to the need to educate students about 

bias and working in racially and ethnically diverse settings, more thought could also be given to 



interventions and professional development for faculty, who often lead by example, and to whom 

students listen more closely than they speak.  

 

In a few cases, minority groups appear to have more positive experiences with their professors 

and peers than the majority group.  Hispanic students, both male and female, are more likely to 

feel inspired by their professors than White students.  Among Whites, women are more likely 

than men to say that their professors’ care whether or not they learn the material, that other 

students take their comments seriously and that students help each other succeed in class.    

 

Clearly, the work that has been done at institutions over the last few decades has been especially 

helpful for White women’s sense of community in engineering. However, both African 

American and Hispanic American women report a lower sense of community than White 

women.  Are non-academic or cultural communities outside of academe replacing a community 

in engineering? Minority students also may navigate the academic environment by joining 

multiple communities on campus, which meet the needs of their multiple identities.
29,30

Are 

current methods and practices to improve the engineering community by-passing the specific 

needs of under-represented women students?   

 

The findings from this study should be of interest to educational researchers, deans, practitioners, 

directors of women in engineering or minorities in engineering programs, and faculty who are 

interested in the intersection of race, gender and academic experience. In particular, the findings 

point to recommendations for the retention of women and under-represented minorities in 

engineering, and to new avenues of research. They also provide evidence that a “one size fits all” 

approach does not work because students with multiple group identities experience things in 

different ways.  

 

Given these new findings, further study is needed to determine the programs or practices that 

could help put all students on equal footing.  Additional research should be done to understand 

the specific needs of under-represented minority women in engineering, so that interventions can 

target those needs.  There is also a need to better understand the curious finding of no gender 

differences among African Americans. In addition, while there are preliminary findings in this 

paper related to the Risk of Attrition, a multivariate analysis with proper statistical controls is 

necessary to examine how student experiences in engineering are related to retention and the risk 

of attrition.  Other research has also looked bivariate associations between student experiences 

and retention,
31

 but more sophisticated methods need to be used. 

 

The PACE project will continue to examine these questions with already collected survey and 

interview data. It will also be important to examine whether these findings hold at a different set 

of institutions, namely, two-tiered institutions where students do not enter into engineering 

directly. Ultimately, the goal of most educators is to increase the numbers of engineering 

students in general.  Others believe that a particular emphasis needs to be placed increasing 

enrollments of women and students from under-represented minority groups.  Reaching this goal 

will require special attention to the joint impact of gender and race/ethnicity by educational 

researchers and faculty. 
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