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Abstract
Background: Stress is commonly experienced by college students, especially
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Purpose/Hypothesis: The purpose of this study was to measure and examine
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the relationships among self-reported stress, anxiety, and depression; engineering identity; and perceptions of inclusion of undergraduate engineering
students.
Design/Method: We validated a quantitative survey instrument built on
previously published scales and used it to measure self-reported stress, anxiety,
and depression; engineering identity; and perceptions of inclusion.
Results: Our findings indicate that self-reported levels of stress, anxiety, and
depression are high for engineering students. Further, levels of stress and anxiety are significantly higher for female students, while levels of depression are
higher for first-generation students. We find correlations between self-reported
mental health symptoms, engineering identity, and perceptions of inclusion,
and these relationships differ by gender. Lastly, we find that students
underrepresented in engineering rate their departments as less diverse than
their peers.
Conclusions: Our results suggest that perceptions of inclusion and
engineering identity are related to student mental health, further emphasizing
the importance of developing inclusive cultures in engineering programs. The
findings suggest that mental health needs greater attention in engineering
education, particularly for female and first-generation students.
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1 | INTRODUCTION
Organizational culture, which defines the norms of a group, is reinforced by social interactions to create the
“foundation of the social order” that influences individual behavior (Schein, 2010). The National Academies of Sciences, Engineering, and Medicine (2016) has formally defined engineering culture to be “the explicit and implicit customs and behaviors, norms, and values that are normative” in the field. Key assumptions underpinning engineering
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education culture are the expectation of harshness coupled with struggle throughout the educational experience
(Godfrey & Parker, 2010). The rigor and selectivity of engineering programs perpetuate a “meritocracy of difficulty”
(Stevens et al., 2007, p. 1) where student success can be interpreted as “being able to take it” (Godfrey & Parker, 2010,
p. 12). Heavy workloads and high expectations create an environment of “suffering and shared hardship” or boot
camp mentality (Godfrey & Parker, 2010, p. 12).
Engineering culture reflects the historical behavior of engineering as a profession (Dryburgh, 1999; Shaffir, 1987;
Strauss, 1963; Witz, 2013): it is often aligned with masculine culture (Dryburgh, 1999; Faulkner, 2007, 2009a, 2009b;
Godfrey, 2007; McIlwee & Robinson, 1992; Seron et al., 2018), and historically, its programs fostered underrepresentation of women and people of color (Bix, 2014; Lohmann & Froyd, 2010; Slaton, 2010). These cultural norms and related
perceptions can impact inclusion in engineering. For example, the perception of engineering ability is often tied to
mathematical ability (Godfrey, 2007), which has been correlated with lowered participation of marginalized groups
such as women in engineering (Fouad et al., 2016; McGee & Bentley, 2017). Also, recent research has found that
teacher beliefs about innate math ability can lower intrinsic motivation (Heyder et al., 2020). Even within engineering,
disciplinary subcultures have been described, with some disciplines (e.g., Mechanical Engineering and Electrical Engineering) being seen as less welcoming to women (Godfrey, 2007). Culture is proposed to be a key component of educational success, one that can support sustaining inequalities in education (Bourdieu, 1973). For example, engineering
disciplines described as less welcoming are also the largest producers of engineering degrees, despite women and students of color remaining underrepresented (Roy, 2018). We hypothesize that understanding educational cultures and
their impact on students is critical to support broadening participation efforts in engineering.
Culture and perceived norms for programs are important for students to feel a sense of belonging and identification
with the field, which has important implications for developing inclusive environments and improving student retention. In a 2012 study of engineering students, feeling a “lack of belonging” in engineering was cited as a top reason for
their leaving the program (Marra et al., 2012, p. 6). Furthermore, this lack of belonging is exacerbated by the concept of
rigor, which has been a cultural tool for exclusion and drawing boundaries for who and what is valued in the culture
of engineering (Riley, 2017). The cultural constructs of engineering ability, of “not cut out” for engineering, have been
developed and perpetuated in engineering (Secules et al., 2018, p. 56) and can exacerbate an identity mismatch that a
student feels in an engineering program (Brown et al., 2013; Foor et al., 2007). Understanding accepted norms in engineering culture, both how they arise and how they are perpetuated, is necessary for developing supportive and inclusive
environments for all students.
The culture of suffering and rigor in engineering academics suggests a norm of high stress levels that are already
common among college students. Students report lack of sleep, fear of low grades, high levels of competition, changes
in lifestyle, and other significant stressors throughout their undergraduate education (Ross et al., 1999), with engineering students emphasizing grades and academic rigor as significant stressors (Beiter et al., 2015; Jensen & Cross,
2019; Schneider, 2007). By defining high stress as the norm, engineering students can perceive a culture of stress that
can be passed on to incoming students through their interactions and the advice that they provide about courses,
instructors, and the departmental norms.
A normalization or expectation of stress can be detrimental to students by further elevating stress levels of
undergraduate engineering students and exacerbating other mental health challenges. One recent study found that
engineering students were twice as likely to experience mood and anxiety disorders compared with the general college
population (Danowitz & Beddoes, 2018), emphasizing the particular need to understand mental health in engineering
culture. This may be particularly acute for underrepresented groups who already face higher levels of stress and anxiety
due to underrepresentation and microaggressions (Cross et al., 2017), and a culture of high stress may further elevate
their stress and deter them from persisting in engineering. Therefore, understanding how student groups with varying
salience of multiple identities, particularly from marginalized groups, experience stress is essential to increase retention
of these groups.
Over the last two decades, higher education has been grappling with what has been described as a mental health
crisis (Kruisselbrink Flatt, 2013; Schwartz & Kay, 2009) as mental health disorders are rising in prevalence and severity
in college students (Hunt & Eisenberg, 2010). As the number of cases and severity of mental health problems have
increased, the requests for services at campus counseling centers are also on the rise (Benton et al., 2003;
Gallagher, 2013; Hunt & Eisenberg, 2010). For the period 2007–2017, rates of treatment increased from 19 to 34%
(Lipson et al., 2019). Previous studies demonstrate that cognitive, behavioral, and mindfulness-based intervention
methods can be beneficial for students experiencing significant stress (Regehr et al., 2013). However, studies show that
social identities impacted the likelihood of seeking help, with Asian and LatinX students less likely to do so than their
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White peers (Downs & Eisenberg, 2012). Furthermore, the attitudes of African American students toward seeking help
are impacted by the stigma of mental health and their concern about reinforcing negative stereotypes (Masuda
et al., 2012). In a recent study, engineering students with apparent mental health problems were less likely to receive
treatment compared with students in other academic disciplines (Lipson et al., 2016). Together, these studies suggest
that proactive interventions that consider social identities are needed to support engineering students and create
inclusive cultures.
We posit that understanding the relationships among mental health, engineering identity, and perceptions of
inclusion that underpin the student experience of engineering culture is critical for designing improved interventions to
retain top talent in engineering and fostering the diversity necessary for excellence. We propose that efforts to actively
disrupt negative aspects of engineering culture will promote impactful change for students and foster inclusive environments. Toward this goal, the study reported here sought to characterize the culture of stress in engineering by measuring mental health, engineering identity, and perceptions of inclusion, and to further understand the role of social
identities in this culture.

1.1 | Purpose
Previous studies have focused on factors that cause individual students stress while completing undergraduate
engineering degree programs (Schneider, 2007). However, it is not well understood how a culture of stress is perceived
by students nor how this perception impacts student levels of identification with engineering and feelings of inclusion.
The purpose of the study is to characterize the engineering stress culture (ESC) and understand the relationship of
various identities with these constructs.
This research is part of a larger mixed methods study that seeks to understand the role of mental health in
engineering culture. Our previous work has shown that undergraduate engineering students associate studying engineering with poor mental health (Jensen & Cross, 2019). Here, we lay the foundation for our study that examines the relationships among constructs including mental health, engineering identity, and perceptions of inclusion, and how these
relationships vary by social identities. Next, we provide a detailed description of our methodological approach for the
study. Results from this study are situated within the context of previous findings and recommendations for future work.

1.2 | Theoretical framework
Social identity theory (SIT) is a broad social psychology theory of the role of self and identity within group and
intergroup interactions (Hogg, 2016; Tajfel, 1974). SIT was originally developed by Henri Tajfel (1974) based on his
work and passion to understand societal conflict including prejudice, discrimination, and intergroup conflict. Based on
his research, Tajfel and Turner (1986) defined social identity in both cognitive and evaluative terms where group
knowledge and behaviors directly impact the value and emotional significance of group membership (Spears, 2011) and
norms (Hogg & Reid, 2006). Another component of social identities is context dependence, where different dimensions
of self and identity become more salient in varying interpersonal interactions. Finally, SIT clarifies the differences
between ingroup and outgroup behaviors through social comparison. The social comparison between groups is
evidenced by the value placed on one's own group (i.e., ingroup bias). The combined components of the SIT framework
have been used as an analytical tool for evaluating the process of adopting group norms including recognition,
construction, and internalization (Hogg, 2016).
Researchers have used SIT to study both group relations and self-categorization to understand intergroup behaviors
such as conflict, cooperation, and social change. For example, Hogg and Reid articulated the role of social identity in communicative group norms, concluding that group norms are not fixed phenomena but they are fluid and context dependent
(Hogg & Reid, 2006). Another SIT study analyzed group behavior and trust, and found that group membership was a
strong predictor of trusting behaviors (Tanis & Postmes, 2005). SIT is also related to intergroup conflict (Hogg, 2016) and
intergroup discrimination (Spears, 2011). Further, researchers have leveraged SIT to study student interactions on a college campus (Sidanius, 2008). However, there are limited studies applying identity theory to investigate the experience of
engineering students (Pierrakos et al., 2009). Peer interactions can have an impact on students' sense of belonging or level
of inclusion within a department. SIT provides an insightful approach for investigating how self-concepts and engineering
identity development may be influenced by stress or other social features of the engineering culture.
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In this exploratory study, we chose SIT as a theoretical framework to understand the social interactions that occur
within the engineering culture. Social comparison among groups is evidenced by the value placed on one's own group
(i.e., ingroup bias) and the positive values derived from that group membership. Overall, SIT provided a basis for us to
understand the group identities of the participants and the contextual role of engineering culture when students
interact among groups.

2 | METHODS
2.1 | Research questions
Our study sought to answer the following questions and test the following hypotheses:
1. To what extent do levels of self-reported stress, anxiety, and depression for engineering undergraduates differ by
social identities (gender, race, first-generation status, native English-speaking status, and socioeconomic status)?
Hypothesis 1. There is no difference in the mean score of self-reported stress, anxiety, and depression across social
identities.
2. To what extent do perceptions of inclusion and engineering identity for engineering undergraduates differ by social
identities (gender, race, first-generation status, native English-speaking status, and socioeconomic status)?
Hypothesis 2. There is no difference in the mean score of self-reported perceptions of inclusion and engineering
identity across social identities.
3. What is the relationship between engineering students' level of identification with engineering and their selfreported mental health and perceptions of inclusion? How do these relationships differ by social identities (gender,
race, first-generation status, native English-speaking status, and socioeconomic status)?
Hypothesis 3. There is no correlation between the participants' level of identification with engineering and their selfreported mental health and perceptions of inclusion.
Hypothesis 4. There is no difference in the correlation between the participants' level of identification with engineering
and their self-reported mental health and perceptions of inclusion across social identities.
We hypothesized that levels of stress, anxiety, and depression would vary by social identities (RQ1) and that levels of
inclusion and engineering identity would vary by social identities (RQ2). Further, we hypothesized that the relationships among these constructs would also vary across social identities (RQ3). To address these research questions, we
conducted quantitative surveys to understand the relationships among mental health (self-reported stress, anxiety, and
depression), engineering identity, and perceptions of inclusion.

2.2 | Measures
This study sought to measure the relationships among mental health (self-reported stress, anxiety, and depression),
engineering identity, and perceptions of inclusion. Four existing surveys were used to measure each of these constructs
in addition to demographic information. Together, the survey consisted of 56 items. A complete list of survey items is
included in the Appendix (Table A1).

2.2.1

|

Stress, anxiety, and depression

Stress, anxiety, and depression levels experienced by students were assessed with the Depression Anxiety Stress Scales
(DASS-21), the shorter form of Lovibond and Lovibond's 42-item DASS instrument (Lovibond & Lovibond, 1995).
Sample items include “I found it hard to wind down” and “I felt that I was using a lot of nervous energy.” Participants
are asked to indicate the frequency that they experienced each over the past week, using a Likert scale from (0)
“Did not apply to me at all” to (3) “Applied to me very much, or most of the time.” Of the 21 items, seven are associated
with each of the subscales for stress, anxiety, and depression. The scores for each subscale are totaled and assigned a
severity level (normal, mild, moderate, severe, and extremely severe) (Lovibond & Lovibond, 1995).
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Engineering identity and career

Student identity levels with engineering were measured using the Identification with Academics subscale adapted to
engineering, which includes four items. Sample items include “Being good at engineering is an important part of who I
am” and “It matters to me how I do in engineering school.” The Engineering Career item measured student beliefs that
their career post-graduation would be related to engineering. Each item is rated on a Likert scale from (1) Strongly disagree to (7) Strongly agree (Jones et al., 2010).

2.2.3

|

Inclusion

Student perceptions of inclusion were measured using the Engineering Department Inclusion Level Survey (EDIL). Subscales include Department Caring, Department Diversity, and Department Pride. The Department Caring subscale includes
15 items that measure feeling respected, welcome, cared about, and valued by the department. Example items include “Faculty in the department respect me” and “I feel welcome in this department.” The Department Diversity subscale includes
three items that measure perceptions of fairness in the department and the department's commitment to diversity. Example
items include “This department is committed to promoting diversity” and “This department is committed to promoting
inclusion.” The Department Pride subscale includes four items that measure the feelings of belonging, pride, and desire to
remain in the department. Example items include “I take pride in the fact that I am a student in this department” and “I
belong in this department.” Each item is rated on a Likert scale from (1) Strongly disagree to (6) Strongly agree (Lee
et al., 2014). The item “I would rather remain in this department than transfer to another” was inadvertently omitted from
the Department Pride subscale and, thus, was neither part of the analysis nor the results of the study.

2.2.4

|

Demographic information

Participants were asked to report their age, major, gender, race/ethnicity, socioeconomic status, first-generation college
student status, and whether they speak English as a first language.

2.2.5

|

Open response

At the end of the survey, students were invited to share anything else that was not included in the survey with the
following prompt: “Is there anything else you would like to share that was not included in the survey?”

2.3 | Eligibility
The participant inclusion criteria included full-time students in the College of Engineering who were 18 years of age or
older who agreed to participate in the study. The eligibility of students was determined by undergraduate student status
in the college, which was evaluated by student identification number.

2.4 | Participants
A total of 1190 responses were collected. Of these, we deemed 1173 responses valid for analysis based on agreement to
the study terms and eligibility criteria. The response rate was approximately 15.5% of the student body. Responses that
did not meet the eligibility criteria were removed from the dataset. The percentage of women participating in the
survey (32.2%) is greater than the percentage of undergraduate women enrolled in the college (22.0%). Thus, our survey
population represents an oversampling of female undergraduates in the college. Despite calls for data disaggregation
(BlackinEngineering, 2020; Cole, 2010; McGee & Martin, 2011), due to small numbers of minoritized respondents we
were unable to disaggregate the data by race. There are two key reasons why we decided to aggregate the minoritized
groups into a single group: African American/Black, Hispanic/LatinX, and Native American (AHN; Williams, 2020).
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First, we did not want to risk identifying the minoritized students. Second, the small number of minoritized respondents limited the options for meaningful statistical analysis (e.g., no significant correlations but large effect sizes). The
study participants represented all departments in the college. Overall, the departmental affiliation of our survey population is in general agreement with department enrollment for the 2017–2018 Academic Year. Participants included
undergraduates at all levels of study. The average age of the participants was 20.04 ± 1.89 years. The respondents
included 17 (1.45%) Black or African American students, 85 (7.25%) Hispanic/LatinX students, and 4 (0.34%) American
Indian/Alaskan Native students. Non-AHN students comprised 90.96% of the respondents. Most respondents (87.34%)
indicated they were in the middle to upper socioeconomic status, and 15.31% of the respondents reported being firstgeneration college students. Finally, 23.99% indicated that English was not their first language.

2.4.1

|

Data collection

Institutional Review Board approval was obtained to conduct the study at three large public universities in the United
States that offer undergraduate engineering degree programs (University of Illinois Urbana-Champaign IRB Number
18003). A pilot study was conducted in Fall 2017 with 18 undergraduate and graduate students at two large public universities in the United States to test the survey platform and clarity. For the main data collection, we collected survey
responses from undergraduate engineering students enrolled at a large public research-intensive institution in the Midwest United States. The survey was distributed via email at the end of the Fall 2017 Semester to more than 7000 engineering students. Additional recruitment material included fliers displayed in buildings that primarily held engineering
courses. A second email reminding students of the survey was sent one week after the initial invitation to participate.
Participants were asked to provide their student identification number to verify eligibility. We randomized the location
of the demographic questions at the beginning or end of the survey to determine if there was an impact on the
responses. We offered a $5 Amazon.com gift card to the students for participation. At the conclusion of the survey, participants were presented with information for the campus counseling center and health center, information for the
emergency dean, and contact information in the event of a mental health crisis. Across all responses collected, on
average, participants completed the survey in less than 6 min.

3 | ANALYSIS
3.1 | Statistical analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) Version 25 (2017) and R
Version 3.3.3 (2017). We made statistical comparisons between AHN versus non-AHN, first-generation versus non-firstgeneration status, and native English speaking versus non-native English speaking student groups, as well as by
gender. We used skewness and kurtosis (both univariate and multivariate) to evaluate normality. We estimate our
panel's univariate normality through examination of skewness and kurtosis for each item. Previous literature suggests
absolute value of skewness greater than 2 and kurtosis greater than 7 indicate non-normality (Curran et al., 1996;
Harlow, 1986; Muthén & Kaplan, 1985). We use Mardia's estimates of skewness and kurtosis to determine multivariate
non-normality behavior in our panel (Mardia, 1970). Exploratory factor analysis (EFA) was performed to verify the subscale question sets. Given the different ranges for Likert-style questions (1–4 or 1–7), we mean-centered the data to standardize it before performing EFA. The ordinary least squares (OLS) EFA was performed using an oblimin rotation. We
applied a 0.32 cutoff to remove factors with low loadings (Tabachnick & Fidell, 2001) and removed cross-loading items.
Subscale reliability was evaluated by calculating Cronbach's alpha scores.
Descriptive statistics were calculated in addition to Spearman correlations among survey subscales. We define a weak
rs value as <0.3, a moderate as 0.3–0.6, and a strong as >0.7 (Dancey & Reidy, 2007). We use a preliminary alpha level of
0.05 to interpret our results and further use a corrected alpha level to adjust for multiple comparisons where appropriate
but report exact p values and consider those above the threshold of 0.05 and interpret effect sizes of our results
(Hjalmarson & Moskal, 2018). Chi-square tests were conducted to evaluate the effect of social identities on self-reported
stress, anxiety, and depression levels. Cramer's V (φc) was used to measure effect size for the chi-square tests
(McHugh, 2013). We interpret chi-square effect sizes based on Cohen's convention, with Cramer's V of 0.10 to be a small
effect size, 0.30 a medium effect size, and 0.50 a large effect size (Cohen, 1988). Mann–Whitney U tests were performed to
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determine the differences among student groups (Nachar, 2008). Cliff's delta (δ) was used to evaluate effect sizes for significant differences identified by the Mann–Whitney U tests (Cliff, 1996). We interpret Mann–Whitney U test effect sizes as
Cliff's delta of 0.11 to be a small effect size, 0.28 a medium effect size, and 0.43 a large effect size (Vargha &
Delaney, 2000).

4 | R E SUL T S
4.1 | Instrument validity
We first assessed the instrument validity by evaluating the skewness and kurtosis of our questions and overall panel.
The validation of the instrument was assessed by completing an EFA. We implemented the EFA using an OLS estimator, which estimates the maximum likelihood estimator for non-normal data (Harman & Jones, 1966). We performed parallel analysis and created a scree plot to estimate the number of factors. Both the parallel analysis and scree
plot suggested six underlying factors. Items largely loaded onto defined subscales. The complete final results of the EFA
can be found in the online Supporting Information.

4.2 | Instrument reliability
To confirm the reliability of the instrument, we used Cronbach's alpha measurements of each survey subscale. Survey
items were grouped according to their defined subscales, and the Cronbach's alpha measure of internal consistency was calculated as a measure of the relatedness of items in a subscale, where higher values indicate increased reliability of the subscale (Cronbach, 1951). Each subscale had internal consistency scores above 0.75, with most subscale scores above 0.8 as
reported in Table 1. These values are considered acceptable in education research (Cohen et al., 2013; Nunnally, 1994).
These measures of subscale internal consistency are overall comparable to previous work. This study measured Cronbach's
alpha scores for the DASS-21 subscales comparable to previous studies using the short form (Henry & Crawford, 2005;
Osman et al., 2012). Cronbach's alpha for the engineering identity subscale was found to be consistent with previous work
(0.905 compared with 0.84 and 0.89) (Jones et al., 2010). In our study, the Cronbach's alpha measurement for the
Department Caring subscale of the EDIL was 0.929, in agreement with a prior study measuring 0.97 (Lee et al., 2014). The
Cronbach's alpha measurements for the Department Diversity and Department Pride subscales of the EDIL were somewhat
lower than measured in a prior study (0.814 and 0.847 compared with 0.92 and 0.92) (Lee et al., 2014).

4.3 | Order of demographic questions
The order of the demographic questions was randomized. A Mann–Whitney U test was used to compare subscales from
surveys where the demographics came before or after the survey questions. No significant difference was found (p > 0.05).
T A B L E 1 Reliability of survey
subscales using Cronbach's alpha

Survey

Construct

Cronbach's alpha

DASS-21

Stress

0.781

DASS-21

Anxiety

0.875

DASS-21

Depression

0.896

Identification with academics
subscale adapted to engineering

Engr Identity

0.905

EDIL

Dept Caring

0.929

EDIL

Dept Pride

0.847

EDIL

Dept Diversity

0.814

Abbreviations: DASS-21, Depression Anxiety Stress Scales; Dept, department; EDIL, Engineering
Department Inclusion Level; Engr, engineering.
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As our study also examined the differences among student groups for the survey subscales, we also tested whether the
order of the demographic questions had an effect. Another Mann–Whitney U test indicated that there was no significant
difference in survey subscales by demographic order for gender, AHN, and first-generation respondents (p > 0.05). For
non-native English speakers, we found a slight decrease in the Diversity subscale when the demographics were placed at
the beginning of the survey (p = 0.049), but this was considered insignificant after adjusting for multiple comparisons.

4.4 | Descriptive statistics
Descriptive data (number of measures, minimums, maximums, means, and standard deviations) for all subscales are
reported in Table 2. To provide justification for statistical testing procedures, we calculated skewness and kurtosis and
used the Shapiro–Wilk test to determine whether our data are normally distributed (Razali & Wah, 2011). We found
that all constructs do not fit a normal distribution and, therefore, are suitable for nonparametric analysis.

4.5 | Levels of self-reported stress, anxiety, and depression
High levels of self-reported stress, anxiety, and depression were reported in our student population (Table 3). In our
sample, 28.97% of students reported moderate to extremely severe stress, 35.81% moderate to extremely severe anxiety,
and 34.92% moderate to extremely severe depression.
Chi-square tests of independence were performed to examine the relationship between the demographic variables
and the severity levels of stress, anxiety, and depression. We found significant relationships between gender and
stress and anxiety level severity with small effect sizes, with female students experiencing higher levels of stress (χ 2
[4, N = 997] = 27.92, p < 0.001, φc = 0.167) and anxiety (χ 2 [4, N = 997] = 21.169, p < 0.001, φc = 0.146) (see
Tables 4 and 5). Further, we found a significant relationship with a small effect size between first-generation status
and depression level (χ 2[4, N = 1001] = 10.140, p = 0.038, φc = 0.101) as well as evidence of a relationship between
first-generation student status and stress (p = 0.052). The chi-square tests for association of anxiety levels and
native English-speaking status also indicated possible association (p = 0.058). We found no significant relationships
between stress, anxiety, and depression levels and socioeconomic status or representation status (p > 0.05)
(see Tables 4–6).

Construct

N

Minimum

Maximum

Mean

Stress

1008

0

42

13.93

9.264

Anxiety

1008

0

42

8.30

8.505

Depression

1008

0

42

11.41

10.023

Engr Identity

1000

1

7

5.83

1.212

Engr Career

1003

1

7

5.84

1.628

Dept Caring

1005

1

6

4.31

0.904

Dept Pride

1005

1

6

4.88

0.974

Dept Diversity

1004

1

6

4.68

0.976

SD

TABLE 2
constructs

Descriptive statistics for

Abbreviations: Dept, department; Engr, engineering; SD, standard deviation.

Stress

Anxiety

Depression

Normal

58.53

56.45

50.30

Mild

12.50

7.74

14.78

Moderate

14.98

16.96

18.55

Severe

11.21

7.34

7.14

2.78

11.51

9.23

Extremely severe

T A B L E 3 Percentage of selfreported stress, anxiety, and depression
by level of severity (N = 1008)
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4.6 | Comparison of perceptions of engineering identity and perceptions of inclusion
To compare students' engineering identity and perceptions of inclusion, we conducted a series of Mann–Whitney
U tests for the Engineering Identity, Engineering Career, Department Caring, Department Pride, and Department
Diversity subscales. Two-tailed p values are provided for all tests, and significant results were determined with a
Bonferroni correction for five comparisons. The U test results indicate that there is a significant difference with a small
effect size between female and male students for measures of Department Diversity, with female students rating their
departments as less diverse than their male peers (U = 94,392.000, z = 3.012, p = 0.003, δ = 0.105) (see Table 7).
These results suggest that while female and male students report comparable levels of Engineering Identity, Engineering Career, Department Caring, and Department Pride, female students view their departments as less diverse. We
TABLE 4

Self-reported stress levels by demographic groups

Group

Normal

Mild

Moderate

Severe

Extremely
severe

Chi-square tests of
independence
X2(4) = 27.92

Gender
Male

433 (63.7%)

81 (11.9%)

84 (12.4%)

69 (10.1%)

13 (1.9%)

p < .001*

Female

152 (47.9%)

41 (12.9%)

66 (20.8%)

43 (13.6%)

15 (4.7%)

N = 997
φc = 0.167
X2(4) = 1.285

AHN
No

531 (58.5%)

115 (12.7%)

138 (15.2%)

99 (10.9%)

25 (2.8%)

p = .864

Yes

59 (59.0%)

11 (11.0%)

13 (13.0%)

14 (14.0%)

3 (3%)

N = 1008
X2(4) = 9.374

First-generation
No

508 (59.9%)

108 (12.7%)

117 (13.8%)

90 (10.6%)

25 (2.9%)

Yes

79 (51.6%)

16 (10.5%)

33 (21.6%)

22 (14.4%)

3 (2%)

p = .052
N = 1001
X2(4) = 3.045

Native English speaker
No

138 (58.2%)

25 (10.5%)

34 (14.3%)

33 (13.9%)

7 (3.0%)

p = .550

Yes

449 (58.8%)

99 (13.0%)

116 (15.2%)

79 (10.3%)

21 (2.7%)

N = 1001

Abbreviations: AHN, African American/Black, Hispanic/LatinX, and Native American/Alaskan Native responses; X , chi-square test statistic; φc, Cramer's V.
*Significance at p = .05.
2

TABLE 5

Self-reported anxiety levels by demographic groups

Demographic

Normal

Mild

Moderate

Severe

Extremely
severe

Chi-square tests for
independence
X2(4) = 21.169

Gender
Male

411 (60.4%)

54 (7.9%)

112 (16.5%)

40 (5.9%)

63 (9.3%)

p < .001

Female

152 (47.9%)

24 (7.6%)

57 (18.0%)

32 (10.1%)

52 (16.4%)

N = 997
φc = 0.146
X2(4) = 7.227

AHN
No

513 (56.5%)

71 (7.8%)

161 (17.7%)

63 (6.9%)

100 (11.0%)

p = .124

Yes

56 (56.0%)

7 (7.0%)

10 (10.0%)

11 (11.0%)

16 (16.0%)

N = 1008
X2(4) = 0.218

First-generation
No

492 (58.0%)

66 (7.8%)

139 (16.4%)

59 (7.0%)

92 (10.8%)

p = .218

Yes

74 (48.4%)

12 (7.8%)

30 (19.6%)

14 (9.2%)

23 (15.0%)

N = 1001
X2(4) = 9.108

Native English speaker
No

115 (48.5%)

19 (8.0%)

48 (20.3%)

20 (8.4%)

35 (14.8%)

p = .058

Yes

451 (59.0%)

59 (7.7%)

121 (15.8%)

53 (6.9%)

80 (10.5%)

N = 1001

Abbreviations: AHN, African American/Black, Hispanic/LatinX, and Native American/Alaskan Native responses; X , chi-square test statistic; φc, Cramer's V.
2
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further find that AHN students perceive their departments as less diverse (U = 36,260.000, z = 3.408, p = 0.001,
δ = 0.2) with a small to medium effect size but report comparable levels of the other subscales (see Table 8). We find
no differences in perceptions of inclusion by first-generation status or native English-speaking status.

4.7 | Relationships among mental health, engineering identity, and perceptions
of inclusion
Lastly, we investigated whether there were relationships among self-reported stress, anxiety, depression; engineering
identity; and perceptions of inclusion using Spearman correlations (Myers & Sirois, 2004). As we are testing 28 possible relationships, we implemented a Bonferroni adjustment and used an alpha of 0.001786 to mitigate the likelihood of Type I error. Using this cutoff, we found 19 significant relationships, summarized in Table 9. As expected, we
found moderate to strong correlations among stress, anxiety, and depression. Additionally, we measured multiple

TABLE 6

Self-reported depression levels by demographic groups

Demographic

Normal

Mild

Moderate

Extremely
severe

Severe

Chi-square test for
independence
X2(4) = 5.522

Gender
Male

346 (50.9%)

106 (15.6%)

126 (18.5%)

41 (6.0%)

61 (9.0%)

p = .238

Female

156 (49.2%)

41 (12.9%)

58 (18.3%)

31 (9.8%)

31 (9.8%)

N = 997
X2(4) = 5.859

AHN
No

460 (50.7%)

139 (15.3%)

161 (17.7%)

66 (7.3%)

82 (9.0%)

p = .210

Yes

47 (47.0%)

10 (10.0%)

26 (26.0%)

6 (6.0%)

11 (11.0%)

N = 1008
X2(4) = 10.140

First-generation
No

444 (52.4%)

120 (14.2%)

150 (17.7%)

56 (6.6%)

78 (9.2%)

p = .038*

Yes

60 (39.2%)

27 (17.6%)

35 (22.9%)

16 (10.5%)

15 (9.8%)

N = 1001
φc = 0.101
X2(4) = 7.467

Native English speaker
No

113 (47.7%)

27 (11.4%)

52 (21.9%)

23 (9.7%)

22 (9.3%)

p = .113

Yes

391 (51.2%)

120 (15.7%)

133 (17.4%)

49 (6.4%)

71 (9.3%)

N = 1001

Abbreviations: AHN, African American/Black, Hispanic/LatinX, and Native American/Alaskan Native responses; X2, chi-square test statistic; φc, Cramer's V.
*Significance at p = .05.

TABLE 7

Results from Mann–Whitney U test for engineering identity and perceptions of inclusion by gender

Construct
Engr Identity

Engr Career

Dept Caring

Dept Pride

Dept Diversity

Group

N

Mean

SD

Mean rank

U
101,181.500

1.197

0.231

100,768.000

1.555

0.12

102,973.000

0.985

0.325

105,460.000

0.399

0.69

94,392.000

3.012

0.003*

Female

314

5.89

1.196

510.79

Male

672

5.81

1.218

487.62

Female

314

5.75

1.638

477.39

Male

672

5.89

1.607

505.43

Female

314

4.34

0.945

510.64

Male

672

4.29

0.89

491.38

Female

314

4.86

1.001

492.23

Male

672

4.89

0.966

499.95

Female

314

4.54

1.014

457.21

Male

672

4.75

0.952

515.57

z

Sig

Abbreviations: Dept, department; Engr, engineering; SD, standard deviation; Sig, significance; U, Mann–Whitney U statistic; z, z score; δ, Cliff's delta.
*Significance at p = 0.05/5 = 0.01 (two-tailed) on Bonferroni correction for five comparisons.
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Comparing AHN groups vs. non-AHN groups Mann–Whitney U test for engineering identity and perceptions of inclusion

Construct

Group

Engr Identity

Engr Career

Dept Pride

Dept Diversity

Mean

SD

Mean rank

U
42,092.000

0.926

0.355

43,736.000

0.400

0.689

42,117.000

1.278

0.201

41,530.000

1.505

0.132

36,260.000

3.408

0.001*

AHN

100

5.83

1.065

475.17

Non-AHN

908

5.83

1.228

503.28

99

6.00

1.400

512.22

Non-AHN

904

5.82

1.650

500.88

AHN

Dept Caring

N

AHN

101

4.19

0.938

468.00

Non-AHN

904

4.32

0.899

506.91

AHN

101

4.77

0.971

462.19

Non-AHN

904

4.89

0.974

507.56

AHN

101

4.31

1.146

410.01

Non-AHN

903

4.72

0.946

512.84

z

δ

Sig

0.2

Abbreviations: AHN, African American/Black, Hispanic/LatinX, and Native American/Alaskan Native responses; Dept, department; Engr, engineering; SD,
standard deviation; Sig, significance; U, Mann–Whitney U statistic; z, z score; δ, Cliff's delta.
*Significance at p = 0.05/5 = 0.01 (two-tailed) on Bonferroni correction for five comparisons.

TABLE 9

Correlations (rs) between mental health, engineering identity, and perceptions of inclusion

Stress

Anxiety

Depression

Stress

1

Anxiety

0.725*

1

Depression

0.663*

0.609*

1

Engr Identity

0.055

0.023

0.08

Engr
Identity

Engr
Career

Dept
Caring

Dept
Pride

Dept
Diversity

1

Engr Career

0.038

0.034

0.039

0.491*

1

Dept Caring

0.158*

0.127*

0.292*

0.311*

0.125*

1

Dept Pride

0.102*

0.100*

0.268*

0.415*

0.286*

0.667*

1

Dept Diversity

0.059

0.086

0.141*

0.198*

0.073

0.418*

0.369*

1

Abbreviations: Dept, department; Engr, engineering.
*Significance at p < 0.05/28 = 0.001786 (two-tailed) on Bonferroni correction for 28 comparisons.

weak correlations between self-reported mental health and perceptions of inclusion. We found weak but significant
negative correlations between Department Caring and stress, anxiety, and depression (rs = 0.158, 0.127, 0.292,
respectively). Further, we found weak but significant negative correlations between Department Pride and stress,
anxiety, and depression (rs = 0.102, 0.100, 0.268, respectively). We also found a weak but significant negative
correlation between Department Diversity and depression (rs = 0.141). Taken together, these results suggest that
mental health of engineering students is related to perceptions of inclusion (Department Caring, Pride, and Diversity)
within their academic departments.
We also found significant relationship between perceptions of inclusion and Engineering Identity. We found a
moderate to strong correlation between Department Pride and Department Caring (rs = 0.667). We found moderate correlations between Engineering Identity and Engineering Career, Department Caring, and Department Pride (rs = 0.491,
0.311, 0.415, respectively). We also found moderate correlations between Department Diversity and Department Caring
and Department Pride (rs = 0.418, 0.369, respectively). Department Diversity was weakly correlated with Engineering
Identity (rs = 0.198). Lastly, Engineering Career was weakly positively correlated with Department Caring and Department Pride (rs = 0.125, 0.286, respectively). Taken together, these findings suggest that perceptions of inclusion
(Department Caring, Pride, and Diversity) are related to one another and are further related to Engineering Identity.
To determine how these relationships among self-reported mental health, engineering identity, and perceptions of
inclusion vary between female and male students, we next calculated Spearman correlations among all the subscales for
both female and male student groups. We again used a corrected p value of 0.001786 to mitigate the likelihood of a Type I
error. These results are summarized in Table 10. Notably, significant negative correlations exist between Department
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Correlations (rs) comparison for female and male students between mental health, engineering identity, and perceptions of

Stress
Stress

Anxiety

Depression

Engr Identity

Engr Career

Dept Caring

Dept Pride

Dept Diversity

Anxiety

Female

1

Male

1

Female

0.730*

1

Male

0.708*

1

Depression

Engr
Identity

Female

0.664*

0.656*

1

Male

0.667*

0.581*

1

Female

0.066

0.021

0.077

1

Male

0.047

0.045

0.082

1

Engr
Career

Dept
Caring

Female

0.022

0.007

0.011

0.523*

1

Male

0.031

0.026

0.045

0.477*

1

Female

0.201*

0.174

0.361*

0.322*

0.153

1

Male

0.157*

0.114

0.263*

0.310*

0.121

1

Dept
Pride

Dept
Diversity

Female

0.109

0.148

0.310*

0.401*

0.312*

0.720*

1

Male

0.100

0.080

0.252*

0.426*

0.277*

0.648*

1

Female

0.151

0.227*

0.261*

0.251*

0.095

0.551*

0.453*

1

Male

0.001

0.005

0.084

0.185*

0.055

0.372*

0.334*

1

Abbreviations: Dept, department; Engr, engineering.
*Significance at p < 0.05/28 = 0.001786 (two-tailed) on Bonferroni correction for 28 comparisons.

Diversity and anxiety and depression for female students (rs = 0.227, 0.261, respectively), but these correlations are not
present for male students (rs = 0.005, 0.084, respectively). While these correlations are considered weak, taken together
these results suggest that perceptions of diversity may be related to anxiety and depression in female students. However,
these findings suggest only possible relationships among the constructs and do not prove causality.

5 | DISCUSSION
While concern has grown about the mental health crisis for both undergraduate and graduate students in recent years
(Evans et al., 2018; Kruisselbrink Flatt, 2013; Schwartz & Kay, 2009), there is limited research on the mental health of
undergraduate engineering students. The research presented here measures the prevalence of self-reported stress, anxiety, and depression in a sample of undergraduate engineering students and the relationships among these metrics and
engineering identity and perceptions of inclusion. Overall, the results from this study suggest that mental health is an
urgent issue needing immediate attention in undergraduate engineering programs and that social identity may be
an important consideration in developing interventions.

5.1 | High prevalence of self-reported stress, anxiety, and depression in undergraduate
engineering students
Our study measured levels of self-reported stress, anxiety, and depression of undergraduate engineering students at a
large public institution. The results indicated high levels of stress, anxiety, and depression, where 29.0% of students
reported symptoms of moderate to extremely severe stress, 35.8% symptoms of moderate to extremely severe anxiety,
and 34.9% symptoms of moderate to extremely severe depression. The average scores for the stress, anxiety, and depression subscales of the DASS-21 measured in this study are higher than those for a nonclinical sample of adults in the
United States (Sinclair et al., 2012). The number of students self-reporting moderate to severe levels of stress, anxiety,
and depression is also higher than reported in a previous study using the DASS-21 of undergraduates across all
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disciplines at a Midwestern college (Beiter et al., 2015). These results suggest that engineering students may suffer from
particularly high levels of stress, anxiety, and depression that are already high for college students.
Rising numbers of students experiencing mental health issues is a major concern on college campuses nationally
(Lipson et al., 2019). Stress has been linked to performance in academic situations such as working with peers, which is
essential in engineering. For example, Darling and colleagues found that college student stress can impact student's
interpersonal relationships and the quality of interactions (Darling et al., 2007). In fact, the source and severity of stress
determine the student outcomes, which may be positive or negative (Ross et al., 1999). Additionally, we suspect the
stress of engineering students can have a negative impact on performance based on previous stereotype threat research
that shows interference with cognitive activities in domains important to engineering such as mathematical problemsolving (Good et al., 2008; Quinn & Spencer, 2001; Spencer et al., 1999; Spencer et al., 2016). Further, student success
has also been linked to student motivation and identification with academics (e.g., engineering) (Jones, 2009). Therefore, it is important to understand what types and levels of stress support or hinder student success in engineering. Our
study suggests that mental health needs further attention in undergraduate engineering programs.
Importantly, our study measured differences in the severity levels of self-reported stress, anxiety, and depression
rates among student groups. While the effect sizes we measured were small, these differences largely align with previous findings. Our study found that female students report higher levels of stress and anxiety. Previous work by Foster
and Spencer (2003) found that engineering students experienced higher levels of stress compared with nonengineering
students, with female engineering students rating their stress as significantly higher than male students (Foster &
Spencer, 2003). Further, women and students underrepresented in engineering are more susceptible to stereotype
threat than White males or the dominant group in engineering, suggesting a need to understand the social cues within
the culture that exacerbate the stress of female engineering students (Spencer et al., 2016). Our study also found that
first-generation undergraduate engineering students experience higher levels of depression and stress compared with
their peers. Previous work also suggests that first-generation students experience higher levels of stress and depression
and that mental health was related to a sense of belonging (Stebleton et al., 2014). Together, these findings emphasize
the need to develop targeted interventions that specifically address the specific needs of students from varying
backgrounds to support their mental health and retention in engineering programs.

5.2 | Culture in undergraduate engineering programs
In the study reported here, we investigated student engineering identity and perceptions of inclusion to better
understand students' experiences of the culture in undergraduate engineering programs. We further investigated relationships among engineering identity, perceptions of inclusion, and self-reported mental health. These correlations
indicate potential relationships among these metrics but do not prove causality. The study results suggest that these correlations varied both in presence/absence and strength by gender. Our analysis indicates that female students experience engineering culture differently from male students, a finding consistent with previous research (Cross et al., 2017).
Given the potential relationships between perceptions of inclusion and self-reported mental health, it is especially
important to consider social identities in developing interventions and proactive solutions to address the mental health
crisis as gender-specific stressors may add to student stress levels or introduce different types of stress, which may
impact student retention.
Retaining talented students in engineering programs is critical for building a diverse engineering workforce, but
talented students may be discouraged from continuing in engineering programs due to negative impressions of engineering as a discipline. Historically, student retention in engineering is low (Astin, 1993), and graduation rates have
remained relatively flat (Yoder, 2016). In 2015, fewer than 60% of students who started in an engineering program
attained a degree within 6 years (Yoder, 2016). Stress associated with engineering, including its negative health effects,
could contribute to students having a poor impression of engineering as a discipline, including the negative health
effects of stress. Negative impressions of engineering have been shown to be a predictive factor for students who leave
engineering programs in good standing (Besterfield-Sacre et al., 1997; Geisinger & Raman, 2013; Meyer & Marx, 2014).
Student perceptions of diminished inclusion in the engineering culture or elevated pressure from high-performing
peers can contribute to student stress and minimize their motivation to continue in a rigorous engineering program.
Pervasive ideas about the ability to withstand high levels of stress could contribute to cultural constructions of
engineering ability, with students unable to cope considered “not cut out” for engineering (Secules et al., 2018, p. 56).
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We found that measures of inclusion (Department Caring and Department Pride) were negatively correlated with
stress, anxiety, and depression, and Department Diversity was weakly negatively correlated with depression, emphasizing the importance of cultivating inclusive environments in engineering programs. Department Diversity was negatively correlated with anxiety and depression for female students but not for male students. Students underrepresented
in engineering also rated their departments as less diverse than male and overrepresented majority students, with small
and small to medium effect sizes, respectively. These results suggest that engineering culture is experienced differently
across student demographics and that targeted interventions to support student mental health should consider different
social identities, particularly those underrepresented in engineering.
Previous work has characterized engineering culture as an environment of “suffering and shared hardship”
(Godfrey & Parker, 2010, p. 12). As college students already experience high levels of stress, the “boot camp mentality”
of engineering culture (Godfrey & Parker, 2010, p. 12) may exacerbate these already high stress levels and contribute to
reduced retention of talented students in engineering. Reducing the perception of a stress culture in engineering will
improve the recruitment of talented students to engineering. Understanding program characteristics that contribute to
a high stress culture in engineering (e.g., admissions criteria) and how these characteristics are presented or discussed
with prospective students will provide faculty and administrators with guidelines to reduce perceptions of a high stress
culture to incoming students. As one student shared in the open response portion of the survey, “I often feel small, that
is, as if whatever I have accomplished is not worth much, because there's always someone better, in terms of AP credits,
CS knowledge, extracurricular participation, ability, etc.” Understanding unintentional cues that may promote students
perceiving engineering as a stressful culture will further help faculty and staff communicate about engineering programs to prospective students through recruiting and outreach events aimed at developing student interest in engineering disciplines. Perceptions of stress being associated with engineering by current undergraduate engineering
students will further impact recruitment of students through their interactions at recruiting or other social events. This
may be particularly important for groups that already experience a diminished sense of belonging or “chilly” climate
from entering engineering based on racism-related stress (Museus et al., 2011, p.2) or “climates of intimidation”
(Palmer et al., 2011, p. 501).
Finally, the understanding of perceived norms around mental health, particularly norms of high stress and its
impact on climate may further be important in understanding barriers faced by women and groups underrepresented
in other disciplines such as medicine, where despite being almost half the student population, women still face challenges and barriers for gaining access to professional medical positions (Bates et al., 2016). Understanding perceptions
and norms around stress in academic cultures may contribute to closing these gender gaps.

5.3 | Limitations
The present study has several limitations that affect its generalizability. The current study is limited in that it describes
only one time point during the semester. The survey was administered toward the end of the semester, which could be
a time of higher stress for undergraduate students due to upcoming final examinations and/or projects. Participants
had the option to skip questions or parts of questions, resulting in some of the responses being incomplete. Reliance on
self-reported mental health could also introduce biased responses. Further, repeated responses necessitated removal
from the original dataset (Cross & Jensen, 2018). Additionally, the current study was conducted at one institution, specifically a large public institution, and may not be representative of culture at other institutions. Small numbers of student groups and the need to maintain participant anonymity limited the analyses by race and ethnicity, which is a
significant limitation of the study. The survey did not include information about student participation in cocurricular
activities or about disciplinary supports, which may be useful in understanding student experiences. Finally, the survey
did not ask students to report their level in the program (e.g., freshman, sophomore, junior, or senior), and perceptions
of inclusion may change over the course of a degree program.

5.4 | Implications for higher education
High rates of mental health challenges for engineering undergraduates necessitate increased services and support for
students as well as increased awareness and training for faculty and staff. Collectively, our results and previous work
suggest that mental health of engineering students is a major concern that needs attention. Further, this work suggests
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that female engineering students experience stress and anxiety at higher levels than male students. We posit that stress
may be an unexplored barrier to retaining students in the pipeline of engineering talent. Our study found differences in
stress and anxiety levels and of relationships among self-reported mental health, engineering identity, and perceptions
of inclusion in female students, suggesting that students of varying social identities experience engineering culture differently. How social identities impact student experiences of engineering culture and the implications for mental health
will be critical in designing interventions to support student groups.
Overall, expanding the knowledge of the mental health of undergraduate engineering students will contribute to
the development of interventions and recommendations for faculty, advisors, and administrators, who directly
impact the climate and reputation of engineering programs. By understanding the relationships among mental
health and engineering education, programs, advising, and teaching practices could adopt a more proactive focus
on well-being and student thriving (Ge & Berger, 2018) that promotes positive mental health. This work can also
support optimizing curriculum development and instructional design to support students facing mental health
challenges.

6 | FUTURE WOR K
Given the high prevalence of mental health problems seen in engineering undergraduate students and the implications
for recruitment, retention, and success, it is important to further our understanding of the relationship between engineering education and student mental health and well-being. Further work is needed to examine the causes of these
relationships and the reason why different demographic groups experience different rates of mental health problems.
Additionally, differences in cultures among engineering disciplines could be examined. Future work that analyzes student experiences through the lens of intersectionality may also be beneficial. Developing interventions and proactive
support systems to benefit specific student groups could be informed by an enhanced understanding of relationships
among mental health, engineering identity, and inclusion. It is important to understand specific stressors and the students' positive and negative coping responses to them. It is useful to understand how students' self-reported mental
health, engineering identity, and perceptions of inclusion change longitudinally over their courses of study, particularly
in relationship to experiences, grades, and other factors. Given recent studies on engineering student self-efficacy
(Mamaril et al., 2016), other theories such as self-esteem or identity (self-concept) may be looked at more intentionally
in future work where they can be directly measured.
In addition to understanding the relationships among mental health, engineering identity, and perceptions of
inclusion and how experiences vary with identity, it is important to understand how these relationships are discussed
and normalized in engineering culture. For example, recent work by Rohde and colleagues (2020) described students'
paradoxical claims of equal opportunity and “worthiness and rigor grounded in the difficulty of engineering programs”
(p. 13). Understanding how student–student and student–faculty interactions foster or propagate the perception of suffering and high stress in engineering culture is critical for dismantling negative aspects of culture in engineering.
Understanding how students talk about stress, anxiety, and depression and their connotations is important to help students get the necessary support and break the association between poor mental health and studying engineering
(Jensen & Cross, 2019). For example, students may perceive “all-nighters” and poor self-care as expected of a hardworking, high-achieving student in a rigorous program. Further, it is important to understand how faculty and staff
contribute to or dismantle student perceptions of stress as part of being an engineer. It is important to understand what
programmatic features and discipline-specific factors contribute to a culture of high stress and how students and faculty
propagate this culture.
The impacts of stress associated with engineering may reverberate beyond undergraduate education, potentially
discouraging students from continuing in engineering jobs, graduate school, and faculty positions. Experiencing the
“chilly” climate throughout undergraduate years has been previously identified as a reason for groups underrepresented in engineering to feel reluctance toward pursuing graduate education (Baker et al., 2002), and stereotype
threat positively correlates to the attrition of women and underserved groups (Beasley & Fischer, 2012). Future
work could include graduate student, postdoctoral, and junior faculty populations to study how a culture of stress
affects these populations and their decisions to continue in academia. Additionally, due to the small number in the
current study sample, in future work we can oversample for minoritized populations and collaborate with minority
serving institutions (MSIs) or historically Black colleges and universities (HBCUs) to recruit more AHN-identified
respondents.
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7 | C ON C L U S I ON
While previous work has described high levels of stress experienced by engineering students, the relationships among
mental health, engineering identity, and inclusion have not been studied. We studied stress as part of engineering culture through the lens of SIT. In this exploratory study, we sought to measure relationships among mental health, engineering identity, and inclusion and how they differ across social identities. The results of our study revealed a high
prevalence of self-reported stress, anxiety, and depression in undergraduate engineering students, with stress and anxiety levels being higher for female students. Further, we found that students underrepresented in engineering perceive
their departments as less diverse but are comparable in other measures of perceived inclusion. We identified correlations among engineering identity, inclusion, and mental health, emphasizing the importance of developing inclusive
cultures in engineering departments. Further, we found that these relationships were different for female students compared with male, supporting other scholarship that highlights the importance of identity in the student experience of
engineering culture. Additional work characterizing the factors that modulate these relationships is important in developing strategies to promote positive mental health for undergraduate students in engineering to improve student
recruitment, retention, and success.
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A P P EN D I X
TABLE A1
Survey

Complete list of 56 survey items including prompts, scales, and individual items
Subscale

Engineering
identity

Prompt

Scale

Items

In general, how much do you
agree with the following
statements about you?

7-point scale with
anchored ends
(strongly disagree to
strongly agree)

Being good at engineering is an
important part of who I am.

Doing well on engineering
tasks is very important to me.
Success in engineering school is
very valuable to me.
It matters to me how I do in
engineering.
Engineering
career

EDIL

Department Caring

In general, how much do you
agree with the following
statements about you?

7-point scale with
anchored ends
(strongly disagree to
strongly agree)

I am likely to take an
engineering job after
graduation.

In general, to what extent do
you agree or disagree with
the following statements
about the engineering
department you are currently
a student:

7-point scale with
anchored ends
(strongly disagree to
strongly agree)

Faculty in the department
respect me.

Department Caring

I am treated like a person not a
number in this department.

Department Caring

I am respected by other
students in this department.

Department Caring

Faculty in this department
respect all students.

Department Caring

I feel welcome in this
department.

Department Pride

I belong in this department.
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DASS-21
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(Continued)
Subscale
Department Pride

Prompt

Scale

Items
I take pride in the fact that I
am a student in this
department.

Department Caring

All students feel welcome in
this department.

Department Caring

I am comfortable voicing my
concerns within this
department.

Department Caring

Faculty members in this
department care about me as
a person.

Department Caring

There is a faculty member in
this department that I can
count on.

Department Caring

This department really cares
about its students.

Department Caring

I feel wanted in this
department.

Department Caring

I feel needed in this
department.

Department Caring

I am valued by this
department.

Department Caring

This department really values
the student.

Department Caring

This department is very
inclusive.

Department
Diversity

This department is very diverse.

Department
Diversity

Females are treated fairly in
this department.

Department
Diversity

Ethnic minorities are treated
fairly in this department.

Department Pride

I like being an engineering
student in this department.

Stress

In general, to what extent do
you believe the following
apply to you over the past
week:

4-point scale with
anchored ends (did not
apply to me at all to
applied to me very
much or most of the
time)

I found it hard to wind down.

Anxiety

I was aware of dryness in my
mouth.

Depression

I could not seem to experience
any positive thoughts at all.

Anxiety

I experienced breathing
difficulty (e.g., breathlessness
or excessively rapid
breathing, breathlessness in
the absence of physical
exertion).
(Continues)
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(Continued)
Subscale
Depression

Prompt

Scale

Items
I found it difficult to work up
initiative to do things.

Stress

I tended to overreact to
situations.

Anxiety

I experienced trembling (e.g., in
the hands).

Stress

I felt that I was using a lot of
nervous energy.

Anxiety

I was worried about situations
in which I might panic and
make a fool of myself.

Depression

I felt that I had nothing to look
forward to.

Stress

I found myself getting agitated.

Stress

I found it difficult to relax.

Depression

I felt downhearted and blue.

Stress

I was intolerant of anything
that kept me from getting on
with what I was doing.

Anxiety

I felt I was close to panic.

Depression

I was unable to become
enthusiastic about anything.

Depression

I felt I was not worth much as a
person.

Stress

I felt that I was rather touchy.

Anxiety

I was aware of the action of my
heart in the absence of
physical exertion (e.g., sense
of heart rate increase, heart
missing a beat).

Anxiety

I felt scared without any good
reason.

Depression

I felt that life was meaningless.
Open response

What is your age?

List

What is your major?

List

What is your gender?

List

Which race or ethnicity best
describes you?

Yes/no

Are you Latino/Hispanic?

list

Which economic group do you
most identify with?

Yes/no

Are you a first-generation
college student?

Yes/no

Is English your first language?

Open response

What is your student id? (used
for verifying eligibility only).

Abbreviations: DASS-21, Depression Anxiety Stress Scales; EDIL, Engineering Department Inclusion Level.

