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Push and Pull: Exploring the URM Engineering Retention Problem and 

Gauging Interest in Interdisciplinary Integration into Undergraduate 

Curriculum 

Abstract 

Underrepresented minorities (URMs) leave the engineering field at a rate significantly higher 

than average. Researchers conclude that low self-efficacy, lack of support, and hostile and 

benevolent discrimination are contributing causes. We contend that URMs’ lack of retention in 

engineering is due to a push by these causes, as well as a pull towards fields that more closely 

align with their identity. To explore further, a Qualtrics survey instrument was developed to 

understand the experiences of people who have fully or partially left the engineering field. We 

surveyed 47 URM and 38 non-URM participants at various stages of their careers, and found that 

when URMs leave the engineering field for a non-engineering career, they not only face less bias 

and discrimination, but also feel as if they are more positively impacting the world. We suggest 

some methods for retaining URMs in engineering by leveraging interdisciplinary studies to offer 

better identity coherence by incorporating complex, impactful problem solving into their fields. 

All participants, especially URMs, expressed interest in the following methods of introducing 

interdisciplinary aspects to engineering: (1) promoting interdisciplinary internships and 

intracollegiate research, (2) a revised first-year curriculum to introduce meaningful 

interdisciplinary-based projects, and (3) facilitation of accelerated bachelor’s/master’s degree 

programs across different disciplines.  

Introduction 

In the present day, exclusion from higher education is present on the basis of many demographic 

factors. Black, Latino/a, and Native American students are underrepresented across all majors 

[1]. Women are slightly overrepresented in higher education overall, but severely 

underrepresented in engineering and computer science fields [2]. LGBTQ+ individuals are also 

underrepresented across all majors [3], but this disparity is even stronger in science, technology, 

engineering, and mathematics (STEM) fields [4]. This lack of diversity has negative implications 

for the engineering field, which is characterized by teamwork and collaboration [5]. Teams with 

high gender and ethnic diversity have a more complex collective knowledge base [6], resulting in 

improved ability to solve today’s complex problems. Ensuring that everyone is represented in the 

engineering field also promotes social justice by interrupting patterns of unjust social inequality 

[7]. Finally, diversifying the workforce now will result in an expanded talent pool, and ultimately 

better long-term scientific and economic growth for the world [8].  

Despite recent efforts to combat the lack of diversity in engineering, it has remained an issue. 

The National Society of Black Engineers (NSBE) reports that only 29.7% of Black students who 

enter engineering graduate with an engineering degree within six years [9]. Comparatively, the 

average retention rate in engineering across all races is approximately 50% [10], [11]. Similarly, 

despite comprising 31% percent of the population, fewer than 20% of engineering degrees are 

awarded to minority students [11]. Moreover, even after obtaining bachelor’s degrees in 

engineering, URMs flee the field at staggering rates, perpetuating the lack of diversity in the 



field [12]. The National Center for Education Statistics reports that Black, Hispanic and Native 

American people make up 21% of science and engineering bachelor’s degree recipients – yet, 

this population only makes up 11% of science and engineering employment [13].  

Improving the retention of URMs in engineering has been the focus of many research efforts 

[14]. Since poor academic performance is a large cause for high attrition, one method of 

improving retention is to better prepare students for coursework through summer bridge 

programs [15], engineering support centers [16], and supplemental instruction [17]. These 

programs not only allow minority students to overcome academic hurdles, but they also improve 

their sense of belonging by creating communities, which leads to higher success in completing 

their stem degree. Nevertheless, these efforts are largely limited by a lack of institutional 

funding. Moreover, these programs are mostly driven by student commitment, thus placing the 

burden on students, which is problematic for an already disadvantaged population. Mentoring 

has also been shown to improve the technical, professional, and soft skills necessary to succeed 

in an engineering field [18]–[20]. Mentoring aids in the transition to university, which reduces 

first year attrition. However, it has been shown that women in engineering may struggle to 

access mentoring networks because of reinforced masculine discourses [21]. The lack of 

diversity in engineering also limits the number of available mentors, often leaving large mentor 

to mentee ratios, which can lower the efficacy of the mentoring. Mentors are rarely compensated, 

which further increases tokenism and the unpaid labor load of URMs [22]. Another common 

effort is offering scholarships to URMs, which promote the access to education [23]. These 

scholarships, however, initially lower the barrier to higher education but do not support the 

continued success of URMs. In addition, these scholarships are only awarded to select URM 

students, thus the solution is not wholistic in retaining URMs. Hence, we seek to find alternative 

methods to improve URM retention that can be offered to everyone at an institution level. 

The lack of retention in engineering may be partially explained by people’s initial reasons for 

entering the field. Although many students are motivated by genuine interest in engineering 

fields, it is common for students to lack an understanding of what an engineering career involves 

[24], or to be motivated by earning potential, job availability, and parental pressure [25], [26]. 

The strong prevalence of extrinsically-motivating factors in engineering students may be tied to 

low retention. URMs in engineering face additional unique struggles, such as discrimination, 

prejudice, and bias, as well as a lack of role models and mentors [27]. Black and Latina women 

engineering students report feeling undermined by accusations of being an “affirmative-action 

baby” – causing them to question whether they are academically qualified [1]. Harmful 

stereotypes associate LGBTQ+ individuals with a lack of technical competence. Therefore, 

LGBTQ+ students find themselves attempting to “pass” as straight or working harder to “prove” 

themselves to their peers, resulting in a hostile environment [28], which can even lead to 

negative impacts on students’ mental and physical health [29]. As a result, Estrada et al. [30] 

found that URM students do not integrate into the scientific community at the same rate as non-

URM students. When URMs do integrate into the scientific community, such as by forming 

study groups, participating in undergraduate research, and getting involved in clubs or 

organizations, their likelihood of completing an engineering degree increases [9], [31]. URMs 



who leave engineering fields cite a lack of sense of belonging or engineering identity, further 

demonstrating the importance of becoming integrated into the field [32]–[35]. 

Beyond factors such as these that push URMs away from engineering, research has indicated that 

URMs may be pulled towards other careers, particularly by an interest in altruistic and socially-

relevant work, which can be difficult to fulfill in a STEM field [36]. Garibay et al. [37] found 

that URMs value “working for social change” in their career more than majority students. 

Similarly, Gibbs and Griffin [38] evaluated recent PhD graduates interested in pursuing 

academia and concluded that URMs were more likely to feel driven by a desire to help their 

community or serve as a role model. Moreover, they found that URMs were also more likely to 

eventually leave academia in order to pursue careers that aligned with their social identities that 

had larger impact on their communities. Thoman et al. [39] also concluded that URM 

undergraduates studying STEM value altruistic work more than majority students. Thus, we 

contend that URMs’ lack of retention in engineering is a combination of push and pull factors: a 

push away from technical engineering fields with which they experience discrimination and poor 

sense of belonging, and a pull towards more altruistic fields with the appeal of more socially 

impactful work. 

Hypothesis 

Interdisciplinary studies can be defined as the co-learning between different fields to realize 

advancements in uncharted problems [40]. Despite the historical lack of respect afforded to arts 

and humanities by the engineering field [41], the integration of engineering and non-engineering 

fields is more critical than ever in order to solve today’s complex problems [40], [42], [43]. For 

example, human-computer interaction (HCI) research merges the studies of computer science, 

psychology, and design to improve user experiences with technology. The benefits of 

interdisciplinary studies in engineering education have been well-reviewed. Most report that 

interdisciplinary study improves communication skills and allows for diverse perspectives, 

thereby establishing higher levels of critical thinking [40], [42]. We hypothesize that 

interdisciplinary studies can also be used to improve URM’s retention in engineering. As 

reported above, URMs often feel both a lack of belonging and a desire to pursue altruistic work, 

which may contribute to them leaving engineering. We hypothesize that URMs in engineering 

experience both a push away from engineering and pull towards other fields in a way that is 

unique to URMs. If this hypothesis is supported by data, we believe that this push-pull effect 

may be attenuated by exploring interdisciplinary studies at the intersection of engineering and 

other fields, which may offer better identity coherence and allow the pursuit of more fulfilling 

careers. In this report, we will evaluate URMs’ and non-URMs’ engineering and non-

engineering identity to understand its influence on attrition. Then, we will gauge URMs’ level of 

interest in interdisciplinary studies through a variety of proposed solutions. Future work should 

involve the implementation and evaluation of the effectiveness of these solutions. 

Methodology 

Data was collected using an IRB-approved Qualtrics survey instrument, distributed online. First, 

participants filled out demographic information, including their age, gender, race/ethnicity, 

sexual orientation, and level of education. Next, they listed the initial engineering field and 



secondary non-engineering field that they pursued education or a career in, then provided 

information about the point in their career in which they made the transition to their secondary 

field. Participants then reported the factors that led them to choose each of the two fields. This 

section was multiple choice rather than free-response, in order to reduce the study time, increase 

response rates, and expedite data analysis. Choices were developed based on findings from 

various works investigating career choice reasons [44]–[46], and can be seen as the y-axis labels 

in Figure 1. Similarly, they reported the factors that led them to leave their engineering field. The 

same factors were available for them to choose from, with the addition of “experienced 

discrimination.” Finally, participants responded to questions describing their identity as a 

member of each of the two fields. They used a 1-5 anchored Likert scale to assess their level of 

agreement with statements, such as “I have felt unwelcome in the field,” and “My work 

positively impacts the world,” which are designed to investigate push and pull factors, 

respectively. The identity questions were based on existing self-efficacy [47] and engineering 

identity frameworks [48], and a full list of the statements can be found in Table 1. Because 

engineering identity and self-efficacy are closely tied to retention rate [32]–[35], these results 

allowed us to quantify the influence of push-pull factors on URMs’ retention or attrition. 

The subject recruitment site Prolific [49] was used to distribute the Qualtrics survey to 

participants who had previous employment in an engineering sector, but were currently 

employed in a different field. Participants were paid $1 for completing the survey, which took an 

average of 5 minutes to complete. Consent was obtained from all participants, and the study was 

conducted under the guidance of the Institutional Review Board at the Georgia Institute of 

Technology. Overall, 112 participants completed the survey. However, 27 responses were found 

to not meet the survey criteria, meaning that the participant had not fully or partially transitioned 

from an engineering field to a non-engineering field. Of the 85 remaining responses, 52 were 

men and 33 were women. When asked to describe their sexual orientation, 68 participants 

identified as straight or heterosexual, 8 identified as gay or lesbian, and 7 identified as bisexual. 

While the majority of participants (51) were White, 19 were Asian, 4 were Black or African-

American, 5 were Hispanic or Latino, and 5 identified as more than one race. Because people in 

engineering fields are marginalized based on gender identity and sexual orientation, this paper 

expanded the National Science Foundation’s definition of URMs in engineering [13] to include 

non-heterosexual, non-Asian or White, non-men. Using this definition, there were 47 URM and 

38 non-URM participants in total. All participants, 27 of which were first-generation college 

students, had either completed or were currently enrolled in tertiary education. Of the 

participants who had completed a degree, 37 held bachelor’s degrees, 21 held master’s degrees, 

and 5 held PhDs. In addition, 22 participants were currently enrolled in school, with 6 pursuing a 

bachelor’s degree, 11 pursuing a master’s degree, and 5 pursuing a PhD.   

Results and Discussion 

Figures 1a and 1b summarize the reasons that participants reported for choosing their career 

fields. The most common factor leading people to choose engineering was a genuine interest or 

passion for the field, followed closely by high earning potential and job availability. 

Interestingly, a lack of interest or passion was also the most common reason that participants 

reported for leaving engineering, in addition to a lack of sense of belonging and the academic 



rigor of the field. Current trends show that despite understanding the importance of engineering, 

few people understand what engineers actually do [24]. This may lead to an initial interest in 

engineering that is lost after actually becoming involved. URMs also reported that discrimination 

and a lack of belonging was a significant factor in their decision to leave engineering, as shown 

in Figure 1c, which was expected due to the previously-discussed push factors. The genuine 

interest or passion once again played the top role in participants’ choice of their secondary non-

engineering field. However, participants were less motivated by earnings and job availability 

than they were when choosing an engineering field, instead reporting that their desire to have an 

impact on society and “make a difference” was a key factor in their choices, with URMs placing 

higher emphasis on these factors.  

To analyze the results of the Likert scale identity questions, two-way ANOVA testing was 

performed in RStudio. Because identical sets of questions were asked about both the engineering 

and non-engineering field, ANOVA could be used to understand and directly compare the 

participants’ identity and experience in each field. Table 1 shows the results of the ANOVA 

testing. The two independent variables under investigation were the engineering vs non-

engineering field responses (labeled as “Field”) and the responses from URM vs non-URM 

(labeled as “URM Status”), as well as the influence of the two variables (“Field” and “URM 

Status”) on each other (labeled as “Interaction”), while the dependent variable was the 

participants’ response to each statement on the 1-5 Likert scale, with 1 indicating low agreement 

and 5 indicating high agreement. 

 

As shown by the significance of the Field variable in Table 1, all participants reported a higher 

sense of belonging (p < 0.001), identity fit (p < 0.001), self-confidence (p < 0.001), and 

fulfillment (p = < 0.001) in their secondary non-engineering field compared to their initial 

engineering field. Additionally, participants were more likely to have a mentor (p < 0.001), 

perform well academically (p = 0.012), and participate in related extracurricular activities (p = 

0.003) in their secondary field. These trends, which were present across all participants, were an 

expected finding of the study: participants who left the engineering field and currently work in a 

different field are likely to feel negatively about engineering and more positively about the new 

field.  

Comparing URMs and non-URMs directly allows us to focus on the hypothesis of this paper. To 

focus on the URMs, we looked for significant results among the URM Status and Interaction 

variables in Table 1. URMs were more likely than non-URMs to experience discrimination (p < 

0.001), bias (p < 0.001), low self-confidence (p = 0.003), and feel unwelcome (p < 0.001) in any 

career field. However, when URMs switched from an engineering field to a non-engineering 

field, each of these four negative sentiments lessened significantly (p = 0.014, p = 0.030, p < 

0.001, p < 0.001, respectively). In addition, interaction effects showed that URMs felt that they 

could make more of a positive impact on the world in their secondary field compared to their 

engineering field (p < 0.001), while this trend was not significant for non-URMs. This finding is 

extremely important as it proves the presence of a push and pull effect on URMs in engineering 

– not only are they pushed away from engineering by discrimination and bias, but they are also 

pulled towards non-engineering fields by a desire to positively impact the world that may be 



difficult to reconcile with STEM work, as posited by McGee and Bentley [36]. The discovery 

that this effect is only significant among URMs is also notable. 

 

 

 
Figure 1. Reasons given by participants for (a) choosing their initial engineering field, (b) 

choosing their secondary non-engineering field, and (c) leaving their initial engineering field 
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Table 1. Results of two-way ANOVA testing on career field and URM status (a significance level 

of α = 0.05 was used and denoted by *, while ✝ denotes factors that were explored further in 

post-hoc t-testing) 

 In the field, I… Variable 

Test 

Statistic Significance 

Have a sense of belonging 

Field 39.473 < 0.001* 

URM Status 0.041 0.839 

Interaction 2.210 0.139 

Have a mentor 

Field 19.320 < 0.001* 

URM Status 0.098 0.754 

Interaction 1.518 0.220 

Social network with others in field 

Field 2.277 0.133 

URM Status 2.157 0.144 

Interaction 0.153 0.696 

Experience discrimination from others in 

the field 

Field 2.559 0.112 

URM Status 20.996 < 0.001* 

Interaction 4.888 0.028* 

Have a positive impact on the world 

Field 23.097 < 0.001* 

URM Status 0.381 0.538 

Interaction 3.318 0.070✝ 

Have felt unwelcome in the field 

Field 19.350 < 0.001* 

URM Status 18.210 < 0.001* 

Interaction 10.580 0.001* 

Experience bias 

Field 1.715 0.192 

URM Status 18.870 < 0.001* 

Interaction 3.257 0.073✝ 

Lack self-confidence 

Field 36.296 < 0.001* 

URM Status 8.843 0.003* 

Interaction 0.974 0.325 

Feel that my identity fits in the field 

Field 39.374 < 0.001* 

URM Status 1.475 0.226 

Interaction 1.651 0.201 

Get a sense of fulfillment from work 

Field 44.877 < 0.001* 

URM Status 0.295 0.588 

Interaction 0.806 0.371 

Perform well academically 

Field 6.426 0.012* 

URM Status 2.821 0.095 

Interaction 0.014 0.908 

Participate in extracurriculars 

Field 9.080 0.003* 

URM Status 0.592 0.443 

Interaction 0.103 0.749 

 

 



Proposed Solutions 

The purpose of the survey was to gain an understanding of why people, especially URMs, leave 

engineering to pursue other fields by comparing their engineering identity with their new field 

identity. Results showed that all participants felt their identity aligned more closely with their 

non-engineering field. In particular, URMs transition to non-engineering fields to escape bias 

and discrimination, as well as to fulfill a desire to positively impact the world. According to our 

survey results, the majority of URMs (55%) left engineering during their undergraduate degree, 

which is why our solutions focus on improving the undergraduate experience. All students, not 

just those at risk of leaving engineering, can benefit from learning from interdisciplinary studies 

since it addresses complex problem solving [40], [42], [43]. In fact, over one-third of scientific 

publications are classified as interdisciplinary, truly emphasizing its relevance to all engineers 

[42]. Moreover, we believe that incorporating interdisciplinary elements early in undergraduate 

engineering curricula will lead to a higher sense of belonging for URMs in the engineering field, 

as well as the ability to benefit the world through more complex problem-solving. We have 

developed several recommendations for integration of interdisciplinary studies into engineering 

programs, detailed below. In order to compare URM and non-URM interest in the 

recommendations, we surveyed the previous survey participants’ interest in the solutions from a 

scale of 1 (extremely disinterested) to 5 (extremely interested). 

First, we recommend the introduction of interdisciplinary projects that address relevant social 

issues into undergraduate engineering curricula. Incorporating the National Academy of 

Engineering’s Grand Challenges [50] or the United Nations’ Sustainable Development Goals 

[51] as part of class projects would allow engineering students to participate in more impactful 

problem-solving. As shown in Figure 2, this proposal was viewed favorably by the participants 

in this study. It is also supported by suggestions from McGee and Bentley [36] to emphasize how 

engineering can serve humanity in order to make engineering careers more desirable for URMs. 

Next, we recommend that universities establish research opportunities between colleges in order 

to support interdisciplinary research into fields such as human-computer interaction or design 

cognition. These research opportunities would help retain URMs by bridging engineering studies 

with fields they feel a strong pull towards. Participation in undergraduate research, especially 

research of an altruistic nature, has been purported to contribute to a sense of STEM identity, and 

thereby retention, in URMs [39], [52]. In addition to providing opportunities to socialize with 

other like-minded students, this would provide students with the opportunity to receive 

mentorship from faculty members, which is tied to higher engineering persistence [32]. As 

indicated in Figure 2, all participants expressed interest in interdisciplinary research. 

Similarly, we suggest that universities join forces with industry partners to offer and effectively 

market interdisciplinary internships, especially towards URMs. Internships have been shown to 

increase retention and graduation rates for engineering students [53], particularly URMs [54], 

making them a promising setting for interdisciplinary collaborations. For example, Indeed has 

listings for internships in interdisciplinary engineering fields such as Framework and Behavior 

for Human AI Training, Energy Economist, Intellectual Property, and more. Introducing or 

leveraging existing co-operative education programs focused on these areas would allow 

students to explore different fields in and outside of the classroom. These opportunities could be 
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closely tied to engineering, such as the above listings, or loosely tied, such as social science 

research, which can later aid in pursuing careers such as HCI. Both options allow students to 

explore the use of their degree and find a higher sense of belonging that encourages retention 

within engineering. As shown in Figure 2, survey participants expressed interest in these 

opportunities, with URMs expressing significantly higher interest than non-URMs (p < 0.001).  

Likewise, both populations also showed interest in our fourth proposed solution, accelerated 

interdisciplinary Bachelor’s and Master’s degrees, with URMs again expressing significantly 

higher interest than non-URMs (p = 0.003). Although all engineering students would benefit 

from these proposed programs, we feel that they are especially promising for increasing retention 

of URMs.  

 

 

 

 

 

 

 

 

 

 

Figure 2. Level of interest in various proposed methods of integrating interdisciplinary work into 

engineering education. Higher values indicate higher interest. Error bars indicate ±1 SE. 
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results of the Likert identity test. Future work could include comparing the motivation of URMs 

who persist in engineering to those who matriculated out.  

Although the survey tool used in this study collected data on both push and pull factors, 

proposed solutions mainly focused on integrating the appealing aspects of pull factors into 

engineering, rather than reducing factors within engineering that push URMs away. Although 

this problem is already well-studied, we feel that it is important to reiterate some 

recommendations. Implicit bias training should be required for anyone involved in engineering, 

and should particularly focus on microaggressions [1] and other factors that lead to 

marginalization of URMs. The lack of diversity is a self-fulfilling prophecy from the self-

efficacy standpoint: when URMs don’t have successful role models to look up to, their self-

confidence is negatively impacted, resulting in a lack of retention. In order to provide vicarious 

experiences for early-career engineers, URMs must not only be present in engineering, they must 

be visible and successful without being tokenized. There are many other proven techniques and 

studied interventions for reducing the pushing of URMs out of engineering. 

Conclusion 

Despite the limitations listed above, this paper presented important findings for the retention of 

underrepresented minorities in engineering. First, we compared the motivations of majority and 

URM students for entering and leaving engineering. As we hypothesized, we found that 

underrepresented minority students leave engineering not only as a result from being pushed 

away from the field by bias and discrimination, but also due to a pull from other fields where 

they feel that they will be able to positively impact the world. We suggested that interdisciplinary 

studies should be utilized to form a partnership between engineering and other fields with greater 

opportunities to impact the world. Accordingly, we proposed innovations to undergraduate 

engineering programs to integrate interdisciplinary studies and retain URMs, such as 

interdisciplinary internships, first-year project-based coursework, research collaborations, and an 

accelerated interdisciplinary Bachelor’s and Master’s degree program. Preliminary feedback 

from survey participants showed that while all participants expressed interest in these 

opportunities, URMs were especially interested in the interdisciplinary internships and Master’s 

degree. These ideas are promising not only to benefit engineering retention as a whole, but also 

to begin to close the retention gap for underrepresented minorities in engineering. Our results 

support our hypothesis, suggesting that interdisciplinary studies are appealing to URMs and may 

help alleviate the push-pull pressure by bridging engineering with careers they better identify 

with. These interdisciplinary interventions have not yet been implemented or assessed for actual 

impact on URM recruitment and retention. 

 

 

  



References 

[1] M. M. Camacho and S. M. Lord, “‘Microaggressions’ in engineering education: Climate for Asian, 

Latina and White women,” in 2011 Frontiers in Education Conference (FIE), Oct. 2011, pp. S3H-1-

S3H-6. doi: 10.1109/FIE.2011.6142970. 

[2] A. J. Koch, P. R. Sackett, N. R. Kuncel, J. A. Dahlke, and A. S. Beatty, “Why women STEM majors 

are less likely than men to persist in completing a STEM degree: More than the individual,” 

Personal. Individ. Differ., vol. 190, p. 111532, May 2022, doi: 10.1016/j.paid.2022.111532. 

[3] “LGBT Demographic Data Interactive,” The WIlliams Institute, UCLA School of Law, Los Angeles, 

CA, Jan. 2019. Accessed: Jan. 20, 2023. [Online]. Available: 

https://williamsinstitute.law.ucla.edu/visualization/lgbt-stats/?topic=LGBT#about-the-data 

[4] D. Sansone and C. S. Carpenter, “Turing’s children: Representation of sexual minorities in STEM,” 

PLOS ONE, vol. 15, no. 11, p. e0241596, Nov. 2020, doi: 10.1371/journal.pone.0241596. 

[5] R. Lingard and S. Barkataki, “Teaching teamwork in engineering and computer science,” in 2011 

Frontiers in Education Conference (FIE), Oct. 2011, pp. F1C-1-F1C-5. doi: 

10.1109/FIE.2011.6143000. 

[6] P. L. Curşeu and H. Pluut, “Student groups as learning entities: The effect of group diversity and 

teamwork quality on groups’ cognitive complexity,” Stud. High. Educ., vol. 38, no. 1, pp. 87–103, 

Feb. 2013, doi: 10.1080/03075079.2011.565122. 

[7] K. Intemann, “Why Diversity Matters: Understanding and Applying the Diversity Component of the 

National Science Foundation’s Broader Impacts Criterion,” Soc. Epistemol., vol. 23, no. 3–4, pp. 

249–266, Jul. 2009, doi: 10.1080/02691720903364134. 

[8] K. Gibbs, “Diversity in STEM: What It Is and Why It Matters,” Scientific American, Sep. 10, 2014. 

https://blogs.scientificamerican.com/voices/diversity-in-stem-what-it-is-and-why-it-matters/ 

(accessed Jan. 23, 2023). 

[9] M. S. Ross and S. McGrade, “An Exploration into the Impacts of the National Society of Black 

Engineers (NSBE) on Student Persistence,” presented at the 2016 ASEE Annual Conference & 

Exposition, Jun. 2016. Accessed: Dec. 19, 2022. [Online]. Available: https://peer.asee.org/an-

exploration-into-the-impacts-of-the-national-society-of-black-engineers-nsbe-on-student-persistence 

[10] B. N. Geisinger and D. R. Raman, “Why They Leave: Understanding Student Attrition from 

Engineering Majors,” Int. J. Eng. Educ., vol. 29, no. 4, 2013. 

[11] A. Patrick, M. Borrego, and A. Prybutok, “Predicting Persistence in Engineering through an 

Engineering Identity Scale,” Int. J. Eng. Educ., vol. 34, 2018, doi: 10.15781/T2ZC7SB9J. 

[12] A. Peixoto et al., “Diversity and inclusion in engineering education: Looking through the gender 

question,” in 2018 IEEE Global Engineering Education Conference (EDUCON), Apr. 2018, pp. 

2071–2075. doi: 10.1109/EDUCON.2018.8363494. 

[13] “Women, Minorities, and Persons with Disabilities in Science and Engineering,” 2021. Accessed: 

Jan. 17, 2023. [Online]. Available: https://ncses.nsf.gov/pubs/nsf21321/report/about-this-report 

[14] N. Desai and G. Stefanek, “An Introductory Overview of Strategies used to Reduce Attrition in 

Engineering Programs,” in 2017 ASEE Annual Conference & Exposition Proceedings, Columbus, 

Ohio: ASEE Conferences, Jun. 2017, p. 27584. doi: 10.18260/1-2--27584. 

[15] D. L. Tomasko, J. S. Ridgway, R. J. Waller, and S. V. Olesik, “Association of Summer Bridge 

Program Outcomes With STEM Retention of Targeted Demographic Groups,” J. Coll. Sci. Teach., 

vol. 45, no. 4, pp. 90–99, Apr. 2016. 

[16] W. C. Lee and H. M. Matusovich, “A Model of Co-Curricular Support for Undergraduate 

Engineering Students,” J. Eng. Educ., vol. 105, no. 3, pp. 406–430, 2016, doi: 10.1002/jee.20123. 

[17] J. B. Gegenheimer, C. A. Wilson, A. Steele, and W. N. Waggenspack, “Closing the Gap: Using 

Supplemental Instruction as a Tool to Assist Minorities in Engineering,” presented at the 2017 ASEE 

Annual Conference & Exposition, Jun. 2017. Accessed: Dec. 19, 2022. [Online]. Available: 

https://peer.asee.org/closing-the-gap-using-supplemental-instruction-as-a-tool-to-assist-minorities-in-

engineering 



[18] N. Aish, P. Asare, and E. E. Miskioğlu, “People Like Me: Providing relatable and realistic role 

models for underrepresented minorities in STEM to increase their motivation and likelihood of 

success,” in 2018 IEEE Integrated STEM Education Conference (ISEC), Mar. 2018, pp. 83–89. doi: 

10.1109/ISECon.2018.8340510. 

[19] H. Li, M. L. Gonzalez, M. Abdelrahman, M. D. Miller, K. Jin, and M. E. Martinez, “Improve 

Retention Rate and Recruitment of Minority Students through Enhanced Mentoring and Summer 

Research Programs,” presented at the 2017 ASEE Annual Conference & Exposition, Jun. 2017. 

Accessed: Dec. 19, 2022. [Online]. Available: https://peer.asee.org/improve-retention-rate-and-

recruitment-of-minority-students-through-enhanced-mentoring-and-summer-research-programs 

[20] A. Lisberg and B. Woods, “Mentorship, Mindset and Learning Strategies: An Integrative Approach 

to Increasing Underrepresented Minority Student Retention in a Stem Undergraduate Program,” J. 

STEM Educ., vol. 19, no. 3, 2018. 

[21] K. Dashper, “Challenging the gendered rhetoric of success? The limitations of women‐only 

mentoring for tackling gender inequality in the workplace,” Gend. Work Organ., vol. 26, no. 4, pp. 

541–557, May 2019, doi: 10.1111/gwao.12262. 

[22] J. Dengate, A. Farenhorst, T. Peter, and T. Franz-Odendaal, “Gender Inequality in Research and 

Service amongst Natural Sciences and Engineering Professors in Canada,” Int. J. Gend. Sci. Technol., 

vol. 13, no. 1, Art. no. 1, Apr. 2021. 

[23] L. C. Ononye and S. Bong, “The Study of the Effectiveness of Scholarship Grant Program on Low-

Income Engineering Technology Students,” J. STEM Educ., vol. 18, no. 5, 2018. 

[24] “‘We think it’s important but don’t quite know what it is’: the culture of engineering in schools,” 

Institution of Mechanical Engineers, 2017. Accessed: Jan. 19, 2023. [Online]. Available: 

https://www.imeche.org/docs/default-source/1-oscar/reports-policy-statements-and-

documents/culture-of-engineering-in-schools-imeche-final.pdf?sfvrsn=2 

[25] R. Christensen, G. Knezek, and T. Tyler-Wood, “A Retrospective Analysis of STEM Career Interest 

Among Mathematics and Science Academy Students,” Int. J. Learn. Teach. Educ. Res., vol. 10, no. 

1, Art. no. 1, Feb. 2015, Accessed: Mar. 23, 2022. [Online]. Available: 

http://www.ijlter.org/index.php/ijlter/article/view/226 

[26] A. Bahar and T. Adiguzel, “Analysis of Factors Influencing Interest in STEM Career: Comparison 

between American and Turkish High School Students with High Ability,” J. STEM Educ., vol. 17, 

no. 3, pp. 64–69, Sep. 2016. 

[27] L. McCullough, “Women’s Leadership in Science, Technology, Engineering and Mathematics: 

Barriers to Participation,” in Forum on Public Policy Online, Oxford Round Table, 2011. Accessed: 

Jan. 23, 2023. [Online]. Available: https://eric.ed.gov/?id=EJ944199 

[28] E. Cech and T. Waidzunas, “‘Engineers Who Happen To Be Gay’: Lesbian, Gay, And Bisexual 

Students’ Experiences In Engineering,” in 2009 Annual Conference & Exposition Proceedings, 

Austin, Texas: ASEE Conferences, Jun. 2009, p. 14.1384.1-14.1384.28. doi: 10.18260/1-2--5583. 

[29] E. A. Cech and W. R. Rothwell, “LGBTQ Inequality in Engineering Education,” J. Eng. Educ., vol. 

107, no. 4, pp. 583–610, 2018, doi: 10.1002/jee.20239. 

[30] M. Estrada, A. Woodcock, P. R. Hernandez, and P. W. Schultz, “Toward a model of social influence 

that explains minority student integration into the scientific community,” J. Educ. Psychol., vol. 103, 

pp. 206–222, 2011, doi: 10.1037/a0020743. 

[31] M. J. Chang, J. Sharkness, S. Hurtado, and C. B. Newman, “What matters in college for retaining 

aspiring scientists and engineers from underrepresented racial groups,” J. Res. Sci. Teach., vol. 51, 

no. 5, pp. 555–580, 2014, doi: 10.1002/tea.21146. 

[32] S. Krause, J. Middleton, E. Judson, J. Ernzen, K. Beeley, and Y.-C. Chen, “Factors Impacting 

Retention and Success of Undergraduate Engineering Students,” in 2015 ASEE Annual Conference 

and Exposition Proceedings, Seattle, Washington: ASEE Conferences, Jun. 2015, p. 26.758.1-

26.758.19. doi: 10.18260/p.24095. 



[33] J. Morelock, “A systematic literature review of engineering identity: definitions, factors, and 

interventions affecting development, and means of measurement,” Eur. J. Eng. Educ., vol. 42, pp. 1–

23, Feb. 2017, doi: 10.1080/03043797.2017.1287664. 

[34] B. Wong, “Careers ‘From’ but not ‘in’ science: Why are aspirations to be a scientist challenging for 

minority ethnic students?,” J. Res. Sci. Teach., vol. 52, no. 7, pp. 979–1002, 2015, doi: 

10.1002/tea.21231. 

[35] K. L. Tonso, “Engineering Identity,” in Cambridge Handbook of Engineering Education Research, 

A. Johri and B. M. Olds, Eds., Cambridge: Cambridge University Press, 2014, pp. 267–282. doi: 

10.1017/CBO9781139013451.019. 

[36] E. McGee and L. Bentley, “The Equity Ethic: Black and Latinx College Students Reengineering 

Their STEM Careers toward Justice,” Am. J. Educ., vol. 124, no. 1, pp. 1–36, Nov. 2017, doi: 

10.1086/693954. 

[37] J. C. Garibay, “STEM students’ social agency and views on working for social change: Are STEM 

disciplines developing socially and civically responsible students?,” J. Res. Sci. Teach., vol. 52, no. 5, 

pp. 610–632, 2015, doi: 10.1002/tea.21203. 

[38] K. D. Gibbs and K. A. Griffin, “What Do I Want to Be with My PhD? The Roles of Personal Values 

and Structural Dynamics in Shaping the Career Interests of Recent Biomedical Science PhD 

Graduates,” CBE—Life Sci. Educ., vol. 12, no. 4, pp. 711–723, Dec. 2013, doi: 10.1187/cbe.13-02-

0021. 

[39] D. B. Thoman, E. R. Brown, A. Z. Mason, A. G. Harmsen, and J. L. Smith, “The Role of Altruistic 

Values in Motivating Underrepresented Minority Students for Biomedicine,” BioScience, vol. 65, no. 

2, pp. 183–188, Feb. 2015, doi: 10.1093/biosci/biu199. 

[40] R. G. Klaassen, “Interdisciplinary education: a case study,” Eur. J. Eng. Educ., vol. 43, no. 6, pp. 

842–859, Nov. 2018, doi: 10.1080/03043797.2018.1442417. 

[41] F. J. Hopcroft, “Observations Regarding the Cultural Diversity of Students in Different Academic 

Majors,” in 2012 ASEE Annual Conference & Exposition Proceedings, Jun. 2012, p. 25.988.1-

25.988.6. Accessed: Nov. 02, 2022. [Online]. Available: https://peer.asee.org/observations-regarding-

the-cultural-diversity-of-students-in-different-academic-majors 

[42] H. Ledford, “How to solve the world’s biggest problems,” Nature, vol. 525, no. 7569, Art. no. 7569, 

Sep. 2015, doi: 10.1038/525308a. 

[43] C.-N. Chang, D. Allaire, D. A. Fowler, R. Arróyave, and C. Lavadia, “Assessing Student 

Interdisciplinarity: Results from an Interdisciplinary Graduate Program in Science and Engineering 

Fields,” presented at the 2018 ASEE Annual Conference & Exposition, Jun. 2018. Accessed: Nov. 

02, 2022. [Online]. Available: https://peer.asee.org/assessing-student-interdisciplinarity-results-from-

an-interdisciplinary-graduate-program-in-science-and-engineering-fields 

[44] H. A. Sanfey, A. R. Saalwachter-Schulman, J. M. Nyhof-Young, B. Eidelson, and B. D. Mann, 

“Influences on medical student career choice: gender or generation?,” Arch. Surg. Chic. Ill 1960, vol. 

141, no. 11, pp. 1086–1094; discussion 1094, Nov. 2006, doi: 10.1001/archsurg.141.11.1086. 

[45] R. Osguthorpe and M. Sanger, “The Moral Nature of Teacher Candidate Beliefs About the Purposes 

of Schooling and Their Reasons for Choosing Teaching as a Career,” Peabody J. Educ., vol. 88, no. 

2, pp. 180–197, Apr. 2013, doi: 10.1080/0161956X.2013.775871. 

[46] P. F. Foley, C. Guarneri, and M. E. Kelly, “Reasons for Choosing a Police Career: Changes over Two 

Decades,” Int. J. Police Sci. Manag., vol. 10, no. 1, pp. 2–8, Mar. 2008, doi: 

10.1350/ijps.2008.10.1.2. 

[47] A. M. Schauer, Z. Klesmith, and K. Fu, “Proficient in Pink? Exploring the Perceived Impact of 

Gender-Stereotyped Personal Protective Equipment on Women in Makerspaces,” in Proceedings of 

the 6th International Symposium on Academic Makerspaces, Atlanta, GA, USA, 2022. 

[48] M. M. Chemers, E. L. Zurbriggen, M. Syed, B. K. Goza, and S. Bearman, “The Role of Efficacy and 

Identity in Science Career Commitment Among Underrepresented Minority Students,” J. Soc. Issues, 

vol. 67, no. 3, pp. 469–491, 2011, doi: 10.1111/j.1540-4560.2011.01710.x. 



[49] S. Palan and C. Schitter, “Prolific.ac—A subject pool for online experiments,” J. Behav. Exp. 

Finance, vol. 17, pp. 22–27, Mar. 2018, doi: 10.1016/j.jbef.2017.12.004. 

[50] National Academy of Engineering, “14 Grand Challenges for Engineering in the 21st Century.” 

http://www.engineeringchallenges.org/challenges.aspx (accessed Jan. 19, 2023). 

[51] “The Future is Now: Science for Achieving Sustainable Development,” United Nations Department 

of Economic and Social Affairs, 2019. Accessed: Jan. 19, 2023. [Online]. Available: 

https://sdgs.un.org/publications/future-now-science-achieving-sustainable-development-gsdr-2019-

24576 

[52] B. E. Hughes, “Coming out in STEM: Factors affecting retention of sexual minority STEM students,” 

Sci. Adv., vol. 4, no. 3, p. eaao6373, Mar. 2018, doi: 10.1126/sciadv.aao6373. 

[53] T. L. Strayhorn and R. M. Johnson, “What Underrepresented Minority Engineering Majors Learn 

from Co-Ops & Internships,” presented at the 2016 ASEE International Forum, Jun. 2016. Accessed: 

Dec. 19, 2022. [Online]. Available: https://peer.asee.org/what-underrepresented-minority-

engineering-majors-learn-from-co-ops-internships 

[54] A. Meador, “Examining Recruitment and Retention Factors for Minority STEM Majors Through a 

Stereotype Threat Lens,” Sch. Sci. Math., vol. 118, no. 1–2, pp. 61–69, 2018, doi: 

10.1111/ssm.12260. 

 


