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 Despite efforts to increase female participation in STEM majors, women continue  

to be an underrepresented population in this domain, impacting the U.S. workforce.  

Researchers have identified a variety of factors that benefit engineering students without 

regard to gender (mentoring; student-faculty interactions; co-curricular involvement) but 

research is limited on how female engineering students foster a sense of belonging to the 

engineering major helping them persist through to graduation.  Negative factors like 

gender bias or stereotyping are detailed in extant literature.  Research needs to identify 

ways that contribute to female engineering connection and sense of belonging in 

engineering, not solely focus on the factors that negatively impact female engineering 

student trajectories.  In an effort to address this gap in the literature, interviews with 

alumnae who graduated from engineering colleges across the U.S. were conducted.  Data 

from this study provides a glimpse into what helped foster successful navigation through 

engineering majors for alumnae.  Expanding current female and STEM literature, 

participants provide insights on pre-college, college, and on career influences. 
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CHAPTER 1:  INTRODUCTION TO THE STUDY 

Overview and Rationale 

From a young age, girls and boys receive different messages regarding societal 

expectations relating to mathematics and science and girls begin to lose confidence in 

their mathematical abilities (Alper & Gibbons, 1993; Sosa, 2008).  Whether their 

confidence dissipates due to psychological factors or because of more external societal 

factors, girls feel disconnected and excluded in mathematics and science in grade school 

(Sosa, 2008).  Once school-aged, girls and boys are encouraged to take different paths in 

their studies and the early cultural and societal messages they received prior to school are 

reinforced by teachers in the classroom (Alper & Gibbons, 1993).  Sosa (2008) concurs 

and states that in the classroom, “boys are encouraged and validated, while girls are 

demeaned and marginalized” (p. 87).  This disparity impacts how the female perceives 

the STEM (science, technology, engineering and mathematics) field once college-aged – 

as something that is meant for boys or as something that is too difficult for her to tackle - 

if negative messages are reinforced as a young girl (Case, 2007; Hill, Corbett, & St. Rose, 

2010, Jones, 2010; Sosa, 2008).   

The aim to encourage more girls to become interested in mathematics and science 

is not a new goal for the US (see, for example, Burke, 2007).  The earliest effort to 

increase participation in STEM resulted in a grant-funded program called ADVANCE, 

given to the University of Michigan from the National Science Foundation in 2001 (The 

National Science Foundation, n.d.). Despite this and other efforts, universities and the 

engineering industry struggle to recruit females to declare a major in engineering, persist 
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through graduation and to seek out employment in their field (Alper, 1993; Blickenstaff, 

2005; Camp, 1997; Sosa, 2008).  To help encourage young women to pursue STEM 

fields, Chubin, May and Babco (2005) suggest an improvement needs to be made in how 

educators encourage students to pursue STEM fields.  Further, the authors suggest that 

this effort needs to target high school students prior to their transition into college, to 

increase their awareness of engineering options (Chubin, et. al, 2005).   

Researchers agree that although females have a greater representation in higher 

education as compared to males, fewer women declare engineering as a major (Alper, 

1993; Blickenstaff; 2005; Burke, 2007; Camp, 1997; NCES, 2009; Sosa, 2008).  

According to a National Postsecondary Student Aid Study looking at students across all 

majors, the U.S. Department of Education indicates that female undergraduate student 

enrollment equaled 56 percent, as compared to male undergraduate student enrollment, 

equaling only 44 percent (NCES, 2002).  Confirming these statistics, Sosa (2008) states:  

Although the percentage of women enrolled in institutions of higher education has  
steadily increased since the beginning of the 20th century and continues to rise as  
we begin the 21st century, the percentage of young women pursuing 
undergraduate and graduate degrees in the most technological fields remains low  
compared to the percentage of their male counterparts who do (p. 76).   
 

According to the National Center for Education Statistics in 2009 (NCES, 2009), females 

entered the STEM field at a rate of 14 percent, while males entered the STEM field closer 

to 33 percent.  With fewer females majoring in engineering and graduating with 

engineering degrees, Camp (1997) concurs with Alper (1993), reminding us that fewer 

females are hired into the STEM workforce:  
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Women make up 45% of the U.S. workforce, but they account for only 16% of  
employed scientists and engineers. Though women earn more than half the  
bachelor's and master's degrees and more than a third of doctorates awarded at  
U.S. colleges and universities, in science and engineering disciplines they receive  
only 30% of bachelor's degrees and less than a quarter of advanced degrees (p.  
409). 
 

If a greater number of females compared to males are represented in higher education yet 

a very small number of females participate in STEM disciplines (Alper, 1993; 

Blickenstaff; 2005; Burke, 2007; Camp, 1997; NCES, 2009; Sosa, 2008), what is the 

impact of this phenomena?  The STEM workplace that strives for diversity in its staff 

suffers from a distinct lack of diversity with females being underrepresented (Ferguson, 

2011; Gurin, Day, Gurin, & Hurtado, 2003; Long, 2003; Margolis & Fisher, 2003).  

Further, Harper and Quaye (2009) cite how necessary it is for females in science fields to 

support other females in science fields.  Additionally, with a greater number of women 

majoring in disciples outside of STEM and therefore seeking employment outside of 

STEM, a deficit in role models for women exists in university departments (Griffith, 

2010) and also in the workplace, contributing to discontentment and oftentimes, attrition 

(Robinson & Reilly, 1993; Xu, 2008).   

By having a diverse STEM workforce, diverse in both gender and ethnicity, a 

healthy multicultural environment is fostered in the workplace that is enriched by the 

different perspectives, ideas and values of colleagues (Burke, 2007; Ferguson, 2011; 

Gurin, Dey, Gurin & Hurtado, 2003; Margolis & Fisher, 2003). Froyd and Watson (2007) 

state “the engineering profession has espoused for years the importance of greater 
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diversity, with a particular emphasis in the U.S. on race, ethnicity, and gender issues, but 

a growing emphasis on national and cultural diversity as well” (p. 19).   

Many times, when researchers discuss lack of diversity in STEM, females and 

minorities, serving as another underrepresented group in this discipline, are coupled 

(Burke, 2007; Etzkowitz, Kemelgor, & Uzzi, 2000; Griffith, 2010; Margolis & Fisher, 

2002; Metcalf, 2010; NSF, 1990).  Given the changing landscape of the U.S. including 

minorities who identify as Hispanic to be increasing, we should expect more ethnic 

minorities to seek out higher education.  In looking at demographics, according to the 

most recent U.S. Census:   

 The Hispanic population increased by 15.2 million between 2000 and 2010,  
 accounting for over half of the 27.3 million increase in the total population of the  
 United States.  The non-Hispanic population grew relatively slower over the  
 decade, about 5 percent (U.S. Census Bureau, 2010, p. 3).   
 
Since 1995, there is an increase in minority populations earning baccalaureate degrees in 

general, such as underrepresented ethic minorities (Latinos, American Indians and 

African Americans) and gendered minorities (females), however the authors also 

highlight a decrease in females earning engineering degrees even though there is an 

increase in females obtaining baccalaureate degrees overall (Chubin, et. al., 2005).  

Although data suggests that fewer women earn engineering degrees, Hill, Corbett, and St. 

Rose (2010) contradict this sentiment by suggesting that there has been an increase in the 

number of women pursuing undergraduate STEM degrees, just not on the graduate level.     

Researchers have been trying to understand of why more women are not choosing 

STEM majors in college, researchers began using a pipeline model in the 1970s, which 
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implicitly focuses on inputs and outputs, grounded in economics, aiming to predict 

shortages in the American workforce.  According to the National Research Council 

(1986) and cited in Metcalf (2010), the model examines secondary students that are 

admitted into college who academically prepare to pursue STEM occupations in addition 

to their presence in STEM workforce, and any attrition in that workforce.  Critiquing this 

economics-based supply-side pipeline model, Metcalf (2010) is incensed by the intention 

of this model, because women and minorities are seen as a passive resource that remains 

untapped and are only encouraged to pursue the STEM workforce because our country 

should expect a shortage in participation from white U.S. citizen males.  Another critique 

of the pipeline model that it is linear, not accounting for exits and re-entries into the 

STEM field; only looking at exits (Metcalf, 2010).  The issue remains, whether 

researchers use the pipeline model to predict shortages in the STEM workforce or another 

means, demographic disparities exist in the field, particularly for women and minorities 

(Burke, 2007; Chubin et. al, 2005).  

Whether or not there is a decline in females pursuing STEM degrees, females are 

underrepresented in these fields.  As Chubin, May and Babco (2005) suggest, creating 

certain initiatives and interventions could address increasing participation and program 

accountability.  As previously mentioned, the earliest known initiative to impact females 

interested in STEM was funded by the National Science Foundation and implemented by 

the University of Michigan in 2001 (The National Science Foundation, n.d.).  The goal of 

the ADVANCE program was to improve the overall climate for females interested in 

STEM disciplines, to provide grants to females already in the field to bolster retention, 
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and to provide networking and mentoring opportunities for females on college campuses 

(Burke, 2007).  Another more recent example of a research effort to help females was 

conducted by Temple University’s College of Education and Center for Intergenerational 

Learning’s Sisters in Science (SIS) program, also funded by the National Science 

Foundation, which targeted fourth grade girls rather than university students, working 

with the girls on revising their perception of STEM, with the intention of increasing their 

achievement and interest in STEM in school (Hammrich, 1998; 2002).  In addition to the 

SIS program, The White House has an invested interest in increasing science and math 

participation.  With President Obama’s Educate to Innovate campaign, targeting young 

students by increasing their participation in STEM subjects, one of the President’s top 

goals is to engage community stakeholders to do more of the following (The White 

House, 11/23/09):  

1.  Increase STEM literacy so that all students and learn deeply and think  
 
critically in science, math, engineering, and technology. 
 
2.  Move American students from the middle of the pack to top in the next decade. 
 
3.  Expand STEM education and career opportunities for underrepresented  
 
groups, including women and girls.  
 
Despite the previously mentioned initiatives to help motivate students to pursue 

STEM, for the females that choose to pursue a college major in the engineering field, 

there are specific challenges and barriers that female students may encounter while 

pursuing their undergraduate degree in STEM that must be addressed.  For example, one 

barrier iterated in the literature suggests that mathematics and science classes are 
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organized to cater to males (Alper & Gibbons, 1993; Hammrich, 2002) and another 

barrier identifies that parents or teachers might discourage girls from their interests in 

STEM from an early age (see, for example, Allen, Dean & Bracken, 2008; Baker & 

Leary, 1995).  For the purposes of this research project, certain barriers are more of a 

focus than others, such as gender bias (Alper & Gibbons, 1993; Hill, Corbett, & St. Rose, 

2010; Jones, 2010) and stereotyping or self-stereotyping (Drew and Work, 1998; 

Spencer, Steele & Quinn, 1999) and stereotype threat (Aronson, Quinn, & Spencer, 

1998).   

In order to increase the representation and participation of females in the STEM 

workforce, not only do more females need to major in these fields but also, they must 

graduate with these degrees and pursue STEM professions.  Researchers have also 

identified a variety of factors that benefit engineering students, impacting the number of 

females graduating with STEM degrees, like mentoring (Case, 2007; Kram & Isabella, 

1985; Rosenthal & Shinebarger, 2010; Wilcox, Winn, & Fyvie-Gauld, 2005), and also 

the helpful influence of student-faculty interactions (Pascarella & Terenzini, 1976, 1978; 

Tinto, 1975; Spady, 1970, 1971), family (Perna & Titus, 2005) and campus support 

services (Robinson & Reilly, 1993) on students.  Recommendations also exist in the 

literature on how to increase female undergraduate engineering student connection to the 

major while pursuing their undergraduate degree, such as offering symposia where 

female students are encouraged to present their own research, giving them a voice and 

validating their work during college (Harper & Quaye, 2009).  Additionally, the authors 
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highlight the need for colleges to create a community for female students comprised of 

female scientists as role models for support (Harper & Quaye, 2009).   

Focusing on several factors that influence female graduates of engineering 

programs while obtaining an undergraduate degree can help researchers learn more about 

the culture for women in STEM fields and may help researchers gain insight into ways 

the engineering climate can become friendlier for women.  Because research gives a lot 

of attention to the challenges that female engineering students face, specifically to the 

experiences that undergraduate women have, research must also focus on the female 

engineering alumnae experience.  In order to understand how to increase female 

participation in engineering and how to help females graduate with a STEM degree, this 

study aims to understand the perspective of female college graduates, otherwise referred 

to as alumnae, on how a sense of belonging or connection was fostered while navigating 

an engineering program.   

Statement of the Problem 

Despite efforts made to increase female participation in STEM majors and 

progress made over the past twenty years, women continue to be an underrepresented 

population in this domain (Alper, 1993; Alper & Gibbons, 1993; Blickenstaff, 2005; 

Burke, 2007; Camp, 2007; Davis & Finelli, 2007; NCES, 2009; Oakes, 1990; Sosa, 

2008).  Without diverse participation in STEM – diverse in gender and in culture – the 

workforce will suffer, as it will lack different perspectives and values (Ferguson, 2011; 

Gurin, Dey, Gurin, & Hurtado, 2003; Margolis & Fischer, 2003) and ultimately this 

underrepresentation, “an untapped resource”, constitutes a loss of talent and human 
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potential (Burke, 2007, p. 7).  If more females participate in STEM, this will result in a 

larger skilled workforce, conversely, less women and minorities in the STEM workforce 

will “waste a lot of talent and does not fill the needs of organizations for skilled STEM 

employees” (Etzkowitz et. al., 2000).  Hence, President Obama is committed to 

addressing the gap in the STEM workforce as he understands the need for students to 

pursue STEM majors, in order to ultimately contribute to our economy.  According to 

The White House: 

Science and innovation are key components of a strong American economy and 
that increasing opportunities for young Americans to gain STEM skills can both 
create jobs and enhance our national competitiveness. The Department of 
Commerce estimates that STEM occupations will grow 1.7 times faster than non-
STEM occupations over the period from 2008 - 2018. In order to meet these 
workforce needs, the United States will need approximately 1 million more 
STEM professionals than are projected to graduate over the next decade 
(The White House, 12/18/12). 
 

Given that females comprise a larger number of college students than do males (see, for  
 
example, Sosa, 2008) it is imperative that efforts are made that target female participation  
 
in STEM.  As previously mentioned, Burke (2007) states that the need for a skilled  
 
STEM workforce is so great because the economics of our country depend on STEM, 
 
given that “STEM is critical for national security, economic success, and scientific  
 
leadership” (p. 3).   
 

To increase participation in STEM, researchers have identified a variety of factors 

that favorably impact engineering students, such as formal and informal mentoring (Case, 

2007; Kram & Isabella, 1985; Rosenthal & Shinebarger, 2010; Wilcox, Winn, & Fyvie-

Gauld, 2005), student-faculty interactions (Pascarella & Terenzini, 1976, 1978; Tinto, 



  	  

	   10	  

1975; Spady, 1970, 1971), and co-curricular outlets to foster connectedness for students 

in engineering (Robinson & Reilly, 1993) or, in any major (Reddick & Saenz, 2012).  

Researchers have also identified factors that influence female engineering students 

specifically, however studies focus largely on negative influences like gender bias and 

stereotyping or self-stereotyping (Alper & Gibbons, 1993; Drew & Work, 1998).  Future 

research must identify factors that contribute specifically to female engineering 

engagement, not only focus on factors that detract from the female engineering 

experience, in order to increase the representation of females in the STEM workforce.   

Purpose of the Study 

 This study aimed to examine the experiences of alumnae as they reflected on 

navigating through an engineering major at a college or university.  By gaining insight 

into alumnae experiences, factors contributing to how females engaged in engineering 

majors iterated in prior studies may be confirmed while other previously unexplored 

factors may be introduced that give researchers a broader understanding of how to help 

females feel at home in the engineering field throughout their college career, promoting 

participation in the STEM workforce. 

Research Questions 

This study was based on females in engineering, specifically with women who 

graduated with undergraduate engineering degrees from a variety of four-year 

institutions.  The following research questions address the purpose of the study and 

helped to guide it: 
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1. How does early exposure to mathematics and science help build  
 
confidence in and/or interest in pursuing an engineering major in college, if at all? 

 
2. How, if at all, do female graduates of engineering programs describe the impact  

 
of the interactions had with faculty and peers while obtaining their degree? 

 
3. How does involvement as an undergraduate student or as a professional impact  

 
their connection to engineering, if at all? 
 

Brief Overview of Methodology 

 This is a qualitative, phenomenological study using two sets of interviews with 

fifteen engineering alumnae.  Willis (2007) considers this approach most appropriate 

when a researcher is interested in participants’ subjective experiences.  Multiple-case 

design will guide the study.  Purposive sampling was used, sampling only female 

graduates of engineering undergraduate degree programs regardless of age, alma mater or 

ethnicity.  After recruiting participants with help from colleagues with access to an 

alumni database and interviews are conducted, a snowball technique was used, where I 

asked participants to help recruit more participants (Hays & Singh, 2012; Gall, Borg, & 

Gall, 1996; Ritchie & Lewis, 2003; Rubin & Rubin, 1995).  Data was audio-recorded, 

transcribed, and I used open coding void of technological assistance like AtlasTi.   
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Definition of Terms 
 
 Key definitions are provided to give context to the terminology used throughout 

the paper. The following terms are defined as:  

1.  STEM – This terminology refers to science, technology, engineering and math fields 

(Alper, 1993; Blickenstaff, 2005; NCES, 2009; Snyder, Dillow, & Hoffman, 2009). 

2.  Chilly classroom – A chilly classroom is one that is perceived as less friendly for 

females and one in which men are favored or privileged as compared to women (See, for 

example, Allan & Madden, 1996; Hall & Sandler, 1982; Harper & Quaye, 2009; Serex & 

Townsend, 1999). 

3.  Gender bias – This is defined as others favoring the abilities of males in the classroom 

over females, particularly in mathematics and science, in addition to barriers created for 

women in situations where they are the minority (Alper & Gibbons, 1993; Hill, Corbett, 

& St. Rose, 2010; Jones, 2010).   

4.  Stereotype threat – Spencer, Steele, and Quinn (1999) define stereotype threat as “the 

experience of being in a situation where one faces judgment based on societal stereotypes 

about one’s group” (p. 5).  Further, the authors’ purport “when a stereotype about one’s 

group indicts an important ability, one’s performance in situations where that ability can 

be judged comes under an extra pressure – that of possibly being judged by or self-

fulfilling the stereotype – and this extra pressure may interfere with performance” (p.6). 

Johns, Schmader, and Martens (2005) agree and suggest when a person underperforms, 

she may be acting out of fear that s/he will ultimately underperform.   
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5.  Student Engagement – In recent literature, this refers to an inputs versus outputs 

perspective, defining engagement as it relates to the quality of effort a student puts forth 

into academia, affecting how much learning takes place (see, for example, Kuh; 2009).  

6.  Mentor – For the purposes of this paper, mentoring can be formal, where students are 

assigned to a role model or helper, usually a member of the staff or faculty (see, for 

example, Rosenthal & Shinebarger, 2010; Smith, 2007), or informal, where students seek 

out other students or where students seek out the help of faculty (See, for example, Case, 

2007; Pascarella & Terenzini, 1976, 1978).  (Also, see for example, Kram & Isabella, 

1985; Reddick & Saenz, 2012). 

7.  Cultural capital – This is how the family of origin impacts students, in a variety of 

ways.  The amount of education family members have acquired, their position in society 

and statuses held in their careers help define cultural capital (see, for example, Bourdieu, 

1977; 1986; Bourdieu & Passeron, 1990; Coleman, 1998; McDonough, 1997; Moll, 

Amanti, Neff, & Gonzalez, 2009; Tierney, 2002; Yosso, 2005). 

8.  Funds of knowledge – This refers to how the culture of the family of origin shares 

knowledge or skill sets with their student.  It also takes into account the goals of teaching 

and the strategies for learning (see, for example, Moll & Greenberg, 1990; Moll, Amanti, 

Neff & Gonzalez, 2009).  Where the definition of capital is largely based on middle-class 

values, Alsandor (2011) points out that funds of knowledge includes lower-income and/or 

families of color in its definition, not only reflecting middle-class values.  

9.  Social capital – According to Coleman (1998), “social capital inheres in the structure 

of relations between actors and among actors” (p. S98).  This form of capital relies on 
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how interactions or networks influence or shape one’s ability to acquire knowledge (see, 

for example, Coleman, 1998; Hossler, Schmit, & Vesper, 1999; Perna & Titus, 2005).   

10.  Leaky pipeline – This refers to the way that women filter themselves out of science, 

technology, mathematics, or science majors, after showing interest in high school but not 

graduating from college with a STEM major (see, for example, Alper & Gibbons, 1993; 

Blickenstaff, 2006; Burke, 2007; Dieman, Brown, Johnston, & Clark, 2010; Sosa, 2008). 

11.  AP – This refers to Advanced Placement coursework, a curriculum created by faculty 

and high school teachers through Collegeboard, which is taught to high school to students 

(http://apcentral.collegeboard.com/apc/public/courses/index.html).   

12.  Co-op -  A co-op is an enriching work experience often allowing students to earn 

money while gathering professional experience within their major.  In one example, the 

University of Evansville offers a comprehensive definition.  A co-op helps students 

“integrate classroom theory with practical experience in industry and business by 

alternating semesters of paid employment with his or her major with semesters of study” 

(http://careerservices.evansville.edu/employers/internshipsandcooperativeeducation/).   

13.  Internship – In another example given by the University of Evansville, the terms 

internship is defined more broadly than the term co-op. Internship means that students 

employed in this capacity are either paid or unpaid, work full-time or part-time, received 

academic credit or not, and they work for a semester, a summer, or for an entire year.   

(http://careerservices.evansville.edu/employers/internshipsandcooperativeeducation/).   
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Limitations 
 
 There are limitations within this study that were outside of my control, despite 

any efforts I made to account for these limitations.  For example, the sample may rely too 

heavily on alumnae that are Caucasian, given the prevalence of this ethnic group in 

higher education (see, for example, Carter, 2001), and/or with alumnae originating from a 

higher socioeconomic background (see, for example, Haveman & Smeeding, 2006; 

Pascarella & Terenzini, 1980; Tinto, 1993; Somers, 1995). Also, given the 

underrepresentation of females in engineering education, (see, for example, Alper, 1993; 

Blickenstaff; 2005; Davis & Finelli, 2007; NCES, 2009) and my limited financial 

resources, several alumnae in this study may have graduated from or near universities in 

Texas.  Unfortunately, I could not travel to different towns or cities in the U.S. to 

interview alumnae, ensuring that a wide variety of the institutions enumerated in 

Carnegie classifications were thoroughly represented (The Carnegie Foundation for the 

Advancement of Teaching, 2010).     

Delimitations 

 Within the scope of any study, certain delimitations must exist to help narrow the 

research (Creswell, 2003).  I narrowed this study to only including female graduates of 

engineering programs; programs that fit into Carnegie classification categories, which is 

discussed in more depth later in this paper (The Carnegie Foundation for the 

Advancement of Teaching, 2010).  Using Carnegie classification to help provide context, 

the females participating in this study graduated from a variety of U.S. institutions, either 

public or private, but within the past forty years. Other researchers may be interested in 
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how males, a previously mentioned majority in engineering programs, navigated their 

path to graduation but this study only addresses the female experience.   

Role and Background of the Researcher 

 Researchers must be mindful of any assumptions or biases that exist prior to 

conducting their research with human participants (Dillard & Reilly, 1988; Rubin & 

Rubin, 1995).  Having awareness does not mean that the researcher is void of opinions 

and judgments while conducting research activities, however it does mean that the 

researcher is aware of her ethical obligation to avoid imposing her opinions and 

judgments on the data.  With that said, being mindful that each student has experiences 

that are unique and individual to them in an engineering major, I believe that having 

worked with engineering students gives me a unique perspective that can strengthen the 

research.  

 Having held an advising role in an Aerospace Engineering department at a large 

research university for several years, I bring an in-depth understanding and perspective to 

this research topic.  I understand that my strength as a researcher exists in my awareness 

of any biases and assumptions and also in understanding the context that impacts females 

in engineering, as well as an understanding of the rigor of engineering coursework and of 

the impact relationships and networks make on female students in engineering majors.  

Additionally, I have conducted qualitative research that helped inform me of my role in 

the process (see, for example, Reddick, Welton, Alsandor, Denyszyn & Platt, 2011).   
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Significance of Study 
 

If diversity is the aim of universities and technology companies nationwide 

(Etzkowitz et. al., 2000; Ferguson, 2011; Gurin, Dey, Gurin & Hurtado, 2003; Long, 

2003; Margolis & Fisher, 2003), and the U.S. wants to compete globally in technological 

fields, the impact of females, who comprise a larger number of college goers than do 

males (Burke, 2007; Chubin, et. al., 2005; Sosa, 2008), choosing not to pursue a STEM 

major could mean the university, the workplace and the country suffers (Burke, 2007; 

Etzkowitz. et. al., 2000).  Burke (2007) states that the country’s “prosperity, security and 

health depend on the contributions of STEM” (p. 3-4) and furthermore, STEM 

contributes to our quality of life and living standards.  Oakes (2007) also reminds us that 

there are a shrinking number of qualified STEM employees available in the U.S. 

workforce as of late, and increasing participation in STEM disciplines is important. Long 

(2003) agrees with Oakes (2007) by addressing the underrepresentation of women in 

engineering, recommending that women not only pursue this field but also attend 

prestigious colleges for the training needed to contribute to their field and to also “have 

an equal standing with men in science and engineering” (p. 146).  Even The White House 

is taking notice and investing in diversifying the STEM workforce by working with 

young children, focusing on increasing female and minority participation  (The	  White	  

House,	  11/23/12). Simply put, with fewer women in the STEM disciplines, the field is 

less diverse and less competitive and the U.S. will suffer economically (Burke, 2007).  

Over time, given that fewer males attend college than do their female counterparts, a less 
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diverse group of college graduates will be prepared to competitively contribute to the 

global tech market (Burke, 2007; Etzkowitz, et. al., 2000).     

This study might benefit women aspiring to pursue an engineering major in 

college by learning more about the areas of support that alumnae found useful, providing 

data that contributes not only to the field of education, but also to practitioners.  

Practitioners on college campuses might gain additional knowledge, specifically 

engineering academic advisors and student affairs personnel, regarding areas of 

programming that could benefit female engineering students connection to the major.  By 

learning more about the specific experiences that females in this study found support 

through a variety of networks, colleges and universities in addition to STEM employers 

can gain insight into ways females can be recruited and retained in engineering majors 

through graduation.   

Roadmap and Connection to Chapter 2  

In Chapter 1, statistics are presented on the American workforce, with a focus on 

STEM majors and on the underrepresentation of females in these majors.  Some factors 

were introduced that impacts engineering students in STEM majors and some factors 

were introduced that influence the experience of female engineering students specifically.  

The literature that follows in Chapter 2 provides a historical overview of female 

participation in higher education with particular focus on females in engineering majors, 

beginning in the late 1800s extending to the present. This overview is broken down into 

subsections, including pre-World War I, pre-World War II through 1960s, and the 1970s 

and beyond.  The next chapter transitions into science, technology, engineering and 
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mathematics statistics (STEM), identifying the vast under-representation of females in 

these majors (Alper & Gibbons, 1993; Blickenstaff, 2005; NCES, 2009).  As this paper 

progresses, the literature review narrows by introducing concepts like cultural and social 

capital in addition to funds of knowledge (Bourdieu, 1977; Bourdieu & Passeron, 1990; 

Moll, Amanti, Neff & Gonzalez, 2009; Yosso, 2005).  Chapter 2 focuses more in depth 

on the factors discussed in the literature that influence students in engineering majors, 

such as mentoring relationships and student-faculty interactions (Harper & Quaye, 2009; 

Kram & Isabella, 1985; Pascarella & Terenzini, 1976, 1978; Spady, 1970, 1971; Sutton 

& Sankar, 2010).  The latter end of this chapter explores the impact of student 

involvement in co-curricular activities on campus, such as in clubs or organizations, that 

impacts students’ sense of belonging and connection to the campus (Reddick & Saenz, 

2012) and if it impacts engagement specifically for engineering majors (Robinson & 

Reilly, 1993).  Specific to female engineering students, factors influencing engagement is 

discussed.  What follows is an identification of the conceptual framework, including 

literature on theoretical frameworks that provides a lens for this study: Astin’s (1985; 

1993) Input-Environment-Output Model (I-E-O) and Student Involvement Theory (Astin, 

1999).  The chapter concludes by re-visiting and summarizing the literature review before 

introducing Chapter 3, methodology.   
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CHAPTER 2:  LITERATURE REVIEW 
 
Organization of the Chapter 
 

This chapter begins by describing the emergence of females in general higher 

education, largely dating back to the late 1880s, but it has its beginnings in the Middle 

Ages (Lucas, 2006).  To describe a clearer picture of the female presence in higher 

education, this beginning section is broken down into three eras: pre-World War I; pre-

World War II through 1960s; and the 1970s and beyond.  As the chapter progresses, the 

historical background of females in engineering education is be addressed.  The focus 

shifts toward science, technology, engineering and mathematics (STEM) statistics, 

paying particular attention to the underrepresentation of women in STEM majors and of 

the “leaky pipeline” of this population (Alper & Gibbons, 1993; Blickenstaff, 2005; 

Brown, 2011; Burke, 2007; NCES, 2009; Wickware, 1993).  The chapter then discusses 

student engagement in higher education, providing an introduction to the topic and an 

overview of cultural and social capital (Bourdieu, 1989; Coleman, 1998; McDonough, 

1997; Tierney, 2002) in addition to funds of knowledge (Bourdieu, 1977; Bourdieu & 

Passeron, 1990; Greenberg, 1989; Moll & Greenberg, 1990; Yosso, 2005).  From there, 

specific factors influencing engineering majors, such as mentors, student-faculty 

interactions and the role of campus support systems/advisors, is discussed (Kram & 

Isabella, 1985; Pascarella & Terenzini, 1976, 1978; Reddick & Saenz, 2012; Spady, 

1970, 1971; Sutton & Sankar, 2010; etc.).  Specific to female engineering majors, a 

section is provided on factors influencing their sense of belonging, such as gender bias, 

“stereotype threat” and female self-stereotyping/imposter syndrome, and chilly classroom 
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(Alper & Gibbons, 1993; Aronson, Quinn, & Spencer, 1998; Hill, Corbett, & St. Rose, 

2010; Jones, 2010; Spencer, Steele, & Quinn, 1999; Sax, 2008).  Lastly, the literature 

addresses how females might benefit from involvement in co-curricular activities.  By 

examining student involvement as it relates to fostering a sense of community, 

connection, belonging and/or confidence through participation in co-curricular activities 

such as organizations or clubs, part-time jobs, athletics, Greek life, and student 

government, the latter end of this chapter explores if and how involvement impacts 

female engineering majors (see, for example, Robinson & Reilly, 1993; Smith & Trenor, 

2010.)  

  By focusing on both the influences that alumnae experienced while obtaining 

their undergraduate degree in engineering along with exploring the influence of 

involvement on their pathway, if at all, researchers can learn more about the culture for 

females in engineering majors and how to make the engineering climate friendlier in 

addition to increasing the number of females that graduate with an engineering degree.   

Historical Background of Women in Higher Education 

Pre-World War I  

A female presence in general higher education largely dates back to the late 

1880s, but it has its beginnings in the Middle Ages when few women had the opportunity 

to pursue an education. Although higher educational institutions did exist during this 

timeframe, these institutions focused on theology, law or medicine and society forbade 

women to attend (Lucas, 2006).  According to Lucas (2006), there were several reasons 

why women were not allowed to attend university.  For instance, society believed that a 
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woman needed to listen and be submissive and any women that sought out education 

were seen as “defective males.”  Given that women were expected to become wives and 

mothers, if they gained an education, identity as a woman would be in part male and in 

part female (Lucas, 2006; Solomon, 1985).  Additionally, Solomon (1985) reports that 

women were considered to have smaller brains and the sentiment that women were 

simply not as able as men.  Aside from this, it was believed that a woman seeking out 

education would have her chastity compromised by either a male teacher or by the 

classical arts curriculum (Lucas, 2006).   

In the 1700s and early 1800s, struggles continued for women wishing to gain 

access to higher education.  During this time, more women gained access to higher 

education – not only wealthy or privileged women (Solomon, 1985) - but the intent of the 

colleges remained narrow; to prepare women to become wives and mothers (Lucas, 2006; 

Solomon, 1985).  Of the colleges that offered women a higher education, often the 

opportunities were not co-educational, however Solomon (1985) reports that a few 

coeducational academies did emerge between 1830 and 1850.  Single-sex colleges 

developed during the mid-1800s, with midwestern U.S. states having the most women’s 

colleges (Thelin, 2004).  Colleges like Elmira Female College made way for Mt. Holyoke 

College and Bryn Mawr College to educate women on more than marriage and 

motherhood (Lucas, 2006).  Thelin’s (2004) opinion directly differs from Lucas (2006) in 

regards to Mt. Holyoke’s aim specifically, as Thelin (2004) claims that despite their 

giving opportunities to women in academia, Mt. Holyoke continued to remain 

conventional in prioritizing the preparation of training women for marriage and 
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motherhood.  As co-educational opportunities arose, Thelin (2004) identifies Oberlin 

Collegiate Institute as one of the more open-minded institutions toward gender and race.  

Also during this era, “coordinate” colleges emerged, providing a separate college for 

women within a larger college to obtain higher education; a somewhat co-educational 

experience.  Normal schools, otherwise known as teaching colleges, emerged in the 

nineteenth century along with an increase in women obtaining higher education. 

Choosing to attend a Normal school was a more acceptable path to take, as society liked 

the idea of women in teacher roles (Solomon, 1985).  

Regardless of society being more accepting of women who aimed to get educated 

at Normal schools, there continued to be a pervasive reluctance to educating women at 

all, especially in the south (Solomon, 1985). The sentiment in the south continued to 

stress the importance of educating women close to home to keep them safe from northern 

schools and also to promote a religious agenda in the curriculum (Thelin, 2004).  

Pushback ensued, with sentiments from Reverend John Todd in the 1870s suggesting that 

educated women were not welcome in a man’s world and that education would degrade a 

woman’s reproductive system due to the stress of college (Lucas, 2006).  Women 

choosing to pursue higher education regardless of society’s opinion on her reproductive 

system or on her academic abilities, still felt the stress of competing duties: Wife, mother 

and student (Solomon, 1985).   

In the 1860s, American higher education began to change.  Enrollments rose at 

some universities while at others, in the U.S. southern states in particular, enrollments 

were severely lacking.  At the University of Missouri, “not a single student appeared to 
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matriculate” in 1862 (Lucas, 2006).  Through the influence of German universities, an 

interest sparked in the U.S. in technology and in science fields.  With new money from 

the railroad industry and from the business world, the antebellum college era was giving 

birth to an academically reformed, more democratic post-war era.  Lucas writes (2006): 

To some critics, the democratic imperative was to acknowledge the fundamental 
equality of all branches of knowledge, no matter how nontraditional.  For others, 
democracy in academe meant easing admissions standards and otherwise 
enhancing access to higher learning, so that all interested students, of whatever 
background or economic circumstance, might have the opportunity to pursue 
higher learning (p. 151).   
 

Although women during this timeframe gained more access to higher education, men 

continued to invalidate their educational pursuits, suggesting that women would be less 

attractive to men and insinuating that women were sexually promiscuous with men on 

campus (Lucas, 2006).  Despite the negativity that women endured from men while 

pursuing higher education, women still aspired to obtain a college education and some 

women pursued an engineering education.  

Only within the last seventy years, after World War I, were women given more of 

an opportunity to major in an engineering field (Bix, 2000, 2004).  However, the first 

woman on record majoring in engineering dates back to 1884 and the first American 

female scientist dates back to this time frame as well (Solomon, 1985).  Kate Gleason 

was the first female engineering student in the U.S., majoring in mechanical engineering 

at Cornell University for only a year, dropping out to work for her father’s tool company, 

and subsequently re-enrolling in engineering part-time education at Rochester Institute of 
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Technology. Perhaps considered an early feminist, Gleason worked within the sexist 

system rather than protesting against it (Karwatka, 2010).   

Though Gleason was the first female engineering student, Elmina Wilson was the 

first female engineering student to graduate from a U.S. university.  Presently referred to 

as Iowa State University, Wilson graduated from Iowa State College in 1892 with a civil 

engineering degree, after studying for four years (Karwatka, 2012). She then pursued and 

completed a master’s degree while her younger sister, Alma, completed her own 

engineering degree.  Given Gleason and the Wilson sisters’ ability to obtain their higher 

education degrees in engineering education, it may appear that a women’s ability to 

participate in higher education in the late 1800s was becoming more possible and 

prevalent (Karwatka, 2012). Despite Gleason and the Wilson sisters’ ability to obtain 

engineering degrees, history shows us that engineering education largely continued to be 

a field for men (Bix, 2004).   

Toward the very end of the 19th century, many men were not formally educated at 

colleges and universities in engineering, despite a necessity in society given the 

technological changes occurring with industry (Solomon, 1985).  Most of the credentials 

practicing engineers earned during this time were from training experienced at their jobs; 

jobs that women were not allowed to have. Women in engineering majors or in 

engineering jobs were not only a rarity but also they were confusing examples to society 

more than an inspiration (Bix, 2004).   
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Pre-World War II through 1960s 
 

While Graham (1978) purports that the opportunities for educated women in the 

mid-20th century were less available than the opportunities for women at the end of the 

19th century, Bix (2004) suggests that when World War II required men to serve their 

country, industry needed people to work as engineers. Given that many men were no 

longer able to fill those positions, women were suddenly seen as more of an asset in the 

field of engineering however there was a great underrepresentation evident in women 

trained for this type of work.  One company in particular, General Electric, began hiring 

and training females for engineering positions.  Curtiss-Wright, an airplane company, 

joined up with seven universities – Penn State, Iowa State, Minnesota, Purdue, 

Rensselaer Polytechnic Institute, Cornell and The University of Texas - and began a 

program called the Curtiss-Wright Cadettes, geared toward training women in 

engineering (Bix, 2004).  Universities began recruiting women for this program.   

Despite the emergence of women in engineering programs to fill men’s 

engineering positions while they went off to war, the climate of this era was skeptical 

about women invading men’s fields (Bix, 2004) and furthermore, Graham (1978) 

suggests that any progressive turns toward welcoming women society in the mid-

twentieth century retreated somewhat, reflecting again the ideals of a less progressive era.  

However, female involvement in clubs and organizations on campus, integrating deeper 

into the campus cultures, led to their temporary acceptance on campus while men were 

serving their country (Bix, 2004).  Once the war ended and males began returning to their 

jobs, women were not valued any longer in engineering positions, reminding women of 
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the access issues they once faced (Solomon, 1985).  What’s more, strict traditional roles 

for women reemerged when men arrived home and women were strongly encouraged to 

migrate toward more subservient roles, narrowing their options to becoming wives and 

mothers, perhaps reminding women of the more traditional 18th century roles women 

fought hard to reshape (Bix, 2004; Solomon, 1985).  More toward the 1960s, society 

began warming up again toward women pursuing engineering programs, but women were 

still viewed as unusual people, treated as outcasts, because the field of engineering was 

seen as most appropriate for men (Bix, 2004).   

1970s and Beyond 

By the 1970s, with the help of the Civil Rights Act of 1964 and anti-

discrimination efforts in addition to public displays of activism by women, more women 

were educated as engineers but prejudice ensued because employers preferred hiring men 

to women in jobs.  Bix (2004) states “evidence confirms suspicions that while equal 

opportunity sentiment and federal legislation might have helped open some doors for 

some women in the 1970s, the changing language and imagery of the employment ads to 

denote hiring diversity did not solve more fundamental problems” (p. 43).  In subsequent 

years, companies evolved and began recruiting women as employees, but women 

remained skeptical of employer’s intentions (Bix, 2004).  To help females, Title IX, 

enacted in 1972, aimed at preventing gender discrimination and along with the Civil 

Rights Restoration Act, enacted in 1987, which aimed to prevent discrimination in hiring 

practices for female engineering professors, the definition of discrimination expanded to 

“include all operations by an educational institution, government entity, or private 
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employer receiving federal funds” (Walters & McNeely, 2010, p. 319).  Although the 

Civil Rights Act and the Civil Rights Restoration Act proved helpful, gender inequity 

continues in present day.   

Given a historical overview of women’s emergence into the field of engineering 

over time, researchers may be able to conclude that although more women are given the 

opportunity to major in engineering studies in recent decades, disparities still exist due to 

the underrepresentation of women graduating with U.S. engineering degrees.  Previous 

research has focused on student engagement as well on the impact of student involvement 

on fostering engagement or a sense of belonging on campus (Astin, 1999; Kuh, 2009; 

Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008; Reddick & Saenz, 2012; Strayhorn, 2012).  

Which aspect of student involvement (organizations/clubs, part-time jobs, athletics, 

Greek life, student government, or other), if any, impacts female engineering students 

sense of connection to the major?  To explore this potential link, it is important to begin 

by providing an overview of STEM statistics that emphasize the need for increasing the 

number of females in STEM majors due to a vast underrepresentation despite concerted 

efforts in recruitment. 

Science, Technology, Engineering, and Mathematics (STEM) Statistics 

Research continues to report that fewer females than males major in and graduate 

from undergraduate science, technology, engineering and math degrees, referred to as 

STEM majors; a term first appearing in the literature beginning in the 1990s (Alper, 

1993; Blickenstaff; 2005; NCES, 2009; Snyder, Dillow, & Hoffman, 2009).  Females are 

more likely to declare a major in psychology or education than in engineering or business 
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(Sax, 2008).  Although females have a greater representation in higher education as 

compared to their male counterparts, fewer females declare engineering as a major and 

the STEM field faces a large underrepresentation (Alper, 1993; Blickenstaff, 2005; Davis 

& Finelli, 2007; NCES, 2009). Further, only 14 percent of women enter the STEM field 

as compared to 33 percent of men (NCES, 2009).  Although this is not a new problem, 

universities and professionals in the engineering industry struggle to recruit females to 

declare a major in engineering, persist through graduation and seek out employment in 

their field (Blickenstaff, 2005).  With fewer females majoring in engineering and 

graduating with engineering degrees, fewer females are hired into the STEM workforce 

or in academia (Bebbington, 2002).  Statistics indicate that females earn more than 50 

percent of bachelor’s and master’s degrees in the U.S. however only 30 percent of 

females graduate with STEM majors and even fewer, 16 percent, find employment in 

STEM fields upon graduation (Alper, 1993).   

Aside from solely focusing on how to recruit more females into STEM majors, 

researchers must also aim to understand how to keep females interested in their major 

after declaring a major in engineering.  A historical overview is provided illustrating the 

challenge of increasing the number of females majoring in engineering over the years. 

Underrepresentation of Women and the “Leaky Pipeline”   

 Although women make up 45% of the workforce, only 16% of these women are 

employed as engineers or as scientists (Alper & Gibbons, 1993).  Davis and Finelli 

(2007) concur by saying “groups that have historically been underrepresented, 

particularly females and underrepresented students of color, are still not pursuing 
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engineering degrees in proportion to their representation in the general public, despite 

decades of programs and interventions” (p. 63).  Several junctures have been identified 

along the educational pipeline, from pre-K to university, which provide opportunities for 

females to become less invested in pursuing a STEM discipline and female 

underrepresentation exists in these fields (Oakes, 1990).   

The “leaky pipeline” is a metaphor used to describe women’s trajectory in STEM 

fields, beginning in high school, going through college and into an engineering job.  

Women filter themselves out of the pipeline or others help filter them out, but not 

consciously.  There are a variety of ways in which women “leak” out of the pipeline, such 

as showing an interest in high school but not pursuing that interest in college or not 

declaring a STEM major when applying to the university; or, graduating with a degree in 

the STEM field but taking a job in a different field (Blickenstaff, 2006).  Many studies 

have been funded to try to determine how to engage females in engineering or science 

fields, such as a program led by Temple University named Sisters in Science aimed at 

younger children (Hammrich, 1998; 2002), and a recent initiative from The White House 

called Educate to Innovate, also aimed at younger children (The White House, 11/23/09).  

However, the first documented initiative, funded by the National Science Foundation in 

2001, was a program called ADVANCE, which began at the University of Michigan.  

Since its inception, “ the NSF has invested over $130M to support ADVANCE projects 

at more than one-hundred institutions of higher education and STEM-related not-for-

profit organizations in forty-one states, the District of Columbia, and Puerto Rico” (The 

National Science Foundation, n.d.). 
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High school teachers and high school guidance counselors are in a unique position 

to influence students’ career trajectories and to help prevent “the leaky pipeline” through 

early exposure.  As an example, Smith (1986) published an article in The Journal of 

Research in Science Teaching that discusses how girls were exposed to women working 

in science fields during middle school.  These women were seen as role models to the 

middle school girls and the study suggests girls’ attitudes towards science careers for 

women improved after being exposed to role models in the classroom.  Outside of school, 

early exposure benefits girls’ attitudes towards engineering specifically.  In another 

example, Camp Reach is a two-week residential program for 7th grade girls hosted by 

Worcester Polytechnic Institute that exposes girls’ to engineering and offers engineering-

related activities to reinforce the engineering emphasis.  In a longitudinal qualitative 

study evaluating the Camp Reach program, the authors’ detail how a group of girls’ that 

participated in Camp Reach were contacted just prior to graduating high school.  

Although Camp Reach impacted these young women by empowering them to foster an 

interest in engineering, what their participants cited as more impactful is if female 

engineer role models continued beyond 7th grade and throughout high school (Demetry, 

Hubelbank, Nicholson, Rosenthal, Sontgerath, & Quinn, 2009).  What these two 

examples of early exposure indicate is the different ways girls can be exposed to STEM 

disciplines and how early and continued exposure impact a career choice in engineering.	  

Despite these initiatives and recognitions, only 9 percent of U.S. engineers are 

female and only 20 percent of engineering degrees are awarded to females (Burke, 2007).  

These numbers are staggering and they bring up the question: Why do fewer females 
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participate in STEM and furthermore, why are they leaking out of the pipeline?  Alper 

and Gibbons (1993) reference Iowa State University co-directors at the Study of 

Mathematically Precocious Youth who believe that women have less of an innate ability 

to be successful in mathematics.  Contradicting this theory, Burke (2007) states that girls 

are equally as capable as boys are in grasping STEM concepts and in acquiring skills.  

Ability may or may not be a factor but climate or culture does impact female interest in 

STEM.  Dieman, Brown, Johnston, & Clark (2010) suggest that culture more so than 

biology influences women to stray from engineering, given that engineering is not 

viewed as a helping profession and women tend to gravitate toward professions that 

support a woman’s drive to help others.  Burke (2007) points out that a female interested 

in STEM, she most likely will gravitate toward biology than toward engineering. 

In terms of context and culture, girls may lose confidence in their mathematical 

abilities early on in the classroom.  “That disparity is reinforced by the teachers’ differing 

styles of dealing with male and female pupils.  When boys give wrong answers in class, 

teachers challenge them to find the correct answer; girls get sympathy” (Alper & 

Gibbons, 1993, p. 412-413).  An additional point of view offers that if a society has a 

great variety of opportunities for women, women may not seek out a field in which they 

do not feel a connection to or identify with (Becker, 2010).  Becker (2010) continues by 

supporting the aforementioned theory that self-confidence is an issue for women in 

STEM: “Even young women with good grades in maths or science are less convinced 

that they can succeed in engineering” and he continues by suggesting “young women 

starting engineering are not afraid of being a minority, but two-thirds report 
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discrimination afterwards” (p. 362).  Aside from self-confidence issues, Matusovich, 

Streveler, and Miller (2010) suggest that we help students pursue and persist in 

engineering degrees by creating an engineering identity congruent with their personal 

identity and value system.  By providing this connection, an understanding will be made 

for the student in the value of an engineering education.   

 An underrepresentation exists between women and STEM and the pipeline 

historically leaks.  A variety of scholars have explored why and have tried to figure out 

how to prevent women from leaving STEM fields.  There is a gap in research in “how 

and why students choose to enter and persist in earning engineering degrees” 

(Matusovich et. al., 2010).  It is important to not only focus on the deficit but to also shift 

our attention to how women can be encouraged into declaring a major in a STEM field in 

higher education, with the intent of graduating with an engineering degree and ultimately 

work in the engineering field.  Giving this more context, cultural and social capital in 

addition to funds of knowledge is defined and explored in the next section.  Ways in 

which these concepts – cultural capital, social capital and funds of knowledge – impact 

students ability to navigate a career pathway is also addressed in the next section. 

Student Engagement in Higher Education 

 The concept of student engagement has existed for more than eighty years, 

beginning in the 1930s, although it has been called many other names, such as “time on 

task” or “quality of effort” or “student involvement” or “outcomes” (Kuh, 2009).  

Presently, the term engagement “is used to represent constructs such as quality of effort 

and involvement in productive learning activities (Kuh, 2009).  Metcalf (2010) argues 
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that the widely used input versus output definition of student engagement is outdated, in 

that it does not consider how factors outside of the level of effort a students puts in to 

academics can impact performance.  To understand how female engineering students, an 

underrepresented group that may feel marginalized or isolated, as previously mentioned, 

connect and potentially thrive in their major, the context of cultural and social capital 

must be discussed.  

Cultural Capital, Social Capital, and Funds of Knowledge  

College student success is influenced by many factors, as previously noted, and 

every student arrives at a college campus with different expectations and different 

capabilities to help them cope with their new surroundings.  A student in any minority 

group, based on ethnicity, gender in a certain major or based on first-generation student 

status, has varying degrees of knowledge that influence their college experience and the 

success they have in navigating their pathway to graduation.  This is referred to as 

cultural capital, terminology suggesting that social inequity exists and a hierarchy exists 

in the world that helps determine the level of success someone can attain or the ability for 

someone to move within classes (Bourdieu, 1977; 1986; Bourdieu & Passeron, 1990; 

Yosso, 2005).  The kind and amount of cultural capital that is imparted on individuals is 

based on access to resources, directly related to the family of origin (Tierney, 2002).  

With this rationale, lower-income families or those families with scarce resources may 

provide less cultural capital to their offspring while wealthier families impart capital that 

is viewed as more valuable (McDonough, 1997).   



  	  

	   35	  

Coleman (1998) defines social capital by arguing that a person is shaped by 

environment, suggesting that a person is affected by context, social norms and the 

influence of networks.  More specifically, this form of capital relies on how interactions 

or networks influence or shape one’s ability to acquire knowledge (see, for example, 

Coleman, 1998; Hossler, Schmit, & Vesper, 1999; Perna & Titus, 2005).  Hossler, Schmit 

and Vesper (1999) define social capital as factors that directly affect enrollment 

stemming from the influence of peers or of family.  Perna and Titus (2005) emphasize 

that social capital can be fostered through parental involvement prior to college.  “Social 

capital is derived from two types of relationships: the relationship between a student and 

his/her parents; and relationships between a student’s parents and other adults, 

particularly adults who are connected to the school that a student attends” (p. 488).   

Keeping in mind the influence of social and cultural capital on students once they 

begin college, researchers can gain a better understanding of how a students’ worldview 

and belief system is shaped and how opinions are formed about college early in life.  

Depending on the breadth of social capital a student has when arriving on campus can 

help determine how easy or frustrating it can be to navigate a college degree.  Lower-

income families that may have less social capital than those students arriving on campus 

from wealthier families may show up to campus with less capital than wealthier peers 

(Hossler et al, 1999; Moll et al, 2009).  What’s more, students who are the first in their 

family to attend college may be at a particular disadvantage.  “Since first-generation 

college students may not be able to request help from their families, they lack this 

resource and must look for alternative forms of support” (Harper & Quaye, 2008, p. 245).  
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Reflecting back to the influence of networks on social capital, first-generation students 

may not know whom to turn to for help on campus. Conversely, students whose parents 

attended college have family ties to help guide them through.   

In terms of female engineering students and the influence of cultural or social 

capital on this group, Trenor, Yu, Waight, and Zerda (2008) state “students with unequal 

access to social capital can experience their engineering education differently” (p. F4B-

5).  Astin (1993) concurs by saying if a parent, specifically a father, is employed in an 

engineering job, that helps influence their child to pursue a similar field.  Goodman, 

Cunningham, Lachapelle, Thompson, Bittinger, Brennan and Delci (2002) concur with 

Astin (1993) by indicating the male parent is the most influential in encouraging a young 

woman to pursue an engineering field.  In a longitudinal study conducted by Goodman, 

Cunningham, Lachapelle, Thompson, Bittinger, Brennan and Delci (2002), 30 percent of 

female engineering student participants indicated that their father was employed as an 

engineer.  Additionally, 80 percent of their parents had gone to college.  In a case study 

conducted at the University of Houston, two engineering undergraduate students 

described the impact of social capital on their college experience (Trenor, Yu, Waight & 

Zerda, 2008).  The results suggest that one student utilized social capital more than the 

other.  Not only did her parents offer information about the engineering field, she was 

also given the opportunity in her youth to attend engineering camps.  Her father, an 

engineer, provided his daughter with resources and people who were involved with 

engineering. Also, the student networked with her father’s engineering colleagues, which 

contributed to her comfort with the technology field and with her place on campus.  The 
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other student involved in the case study reported no family members in engineering fields 

and she perceived there were barriers to her progress in the major, having to rely on guest 

speakers and on career advisors for information.    

Originally applied to describe the Latina student experience, the concept of funds 

of knowledge can also help describe how female engineering students can draw from the 

skills learned by interacting with their family to help give them knowledge on how to 

navigate their degree program (Greenberg, 1989; Moll & Greenberg, 1990).  Like the 

capital discussed previously, students can benefit from shared experiences in the 

household of their family of origin.  Gonzalez (2005) suggests the culture of the family 

has an impact on students, specifically regarding what is learned through daily, historical 

or continuous interactions, as this learning contribute to a person’s knowledge.  The 

concept focuses on how the culture of the family of origin shares knowledge or skill sets 

with their student.  (Moll & Greenberg, 1990; Moll, Amanti, Neff & Gonzalez, 2009). 

Other factors also influence student engagement once on the college campus.  

Research exists highlighting different ways that engineering students’ foster connection 

to their major.  Mentorship programs, which can be formal, in addition to more informal 

mentor relationships contribute to engineering student success (Rosenthal & Shinebarger, 

2010; Smith, 2007; Case, 2007; Wilcox, Winn & Fyvie, 2005).  Also, student-faculty 

interactions may contribute to engineering students’ comfort with their major (Pascarella 

& Terenzini, 1970, 1971; Spady, 1970; Tinto, 1975), although the mere presence of 

female faculty members in the department may not impact female undergraduate students 

as much as graduate students do  (Griffith, 2010; Xu, 2008).  Additionally, interactions 
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with academic advisors or other support staff aide in engineering students’ connectedness 

to the university (Sutton & Sankar, 2011).   

Contributors Impacting Engineering Student Connection to the Major  

Gender Bias, Stereotypes and Chilly Classroom 
 

When focusing solely on research related to females in engineering majors, 

largely negative factors are highlighted that could impact female sense of belonging.  For 

example, gender bias, stereotype threat and self-stereotyping, and chilly classroom are 

evident in the literature (Allen & Madden, 2006; Alper & Gibbons, 1993; Aronson, 

Quinn, & Spencer, 1998; Case, 2007; Hall & Sandler, 1982; Hill, Corbett, St. Rose, 2010; 

Johns, Schmader & Martens, 2005; Jones, 2010; Serex & Townsend, 1999; Spencer, 

Steele, & Quinn, 1999).  These terms all relate to inequity and the barriers that are placed 

on women, ultimately marginalizing this group because of a perception that women are 

less capable than men.    

Young girls and boys receive different messages regarding societal expectations 

relating to math and science. Alper and Gibbons (1993) suggest that once school-aged, 

girls and boys are encouraged to take different paths in their studies and the early cultural 

and societal messages they received prior to formal schooling are reinforced by teachers 

in the classroom.  Continuing, the authors report that girls lose confidence in their 

mathematical abilities in the classroom over time because teachers may sympathize with 

girls who give incorrect answers to math questions while giving less sympathy to boys 

answering incorrectly (Alper & Gibbons,1993).   
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Outside of the classroom, gender bias also exists and stereotypes are reinforced.  

Spencer, Steele, and Quinn (1999) explore the issue of gender bias outside of the 

classroom, identifying society as reinforcing these gender biases or stereotypes.  To 

further explore the idea of gender bias and stereotypes of women, a Harvard University 

professor conducted two studies that intended on measuring gender bias by using an 

instrument called the Implicit Association Test (IAT) with forty female and thirty-nine 

male undergraduate students from Yale.  The results of the first IAT suggested that 

females showed a stronger preference toward arts than math and in the second IAT, Hill, 

Corbett & St. Rose (2010) report that “women who more closely identified with female 

identity showed more negative math attitudes and weaker math identity” (p. 77).  Hence, 

within this study, females and males both implicitly link math as a more male discipline.  

Perhaps this bias toward women, that women and men both have, may help explain why 

fewer women pursue STEM disciplines.    

Further, given that girls may feel out of place in math classes due to society’s 

lowered expectations of their gender in math related courses, this may directly affect their 

self-esteem while also reinforcing stereotypes (Aronson, Quinn, & Spencer, 1998; Eccles, 

Jacobs, & Harold, 1990; Spencer, Steele, & Quinn, 1999; Swim, 1994).  To help girls 

combat self-stereotyping, Johns, Schmader and Martens (2005) want to help by teaching 

young women about stereotype threat, defined behaviorally as a woman underperforming 

on a mathematics test out of fear that she will fail it, due to skewed expectations.   

 Aside from gender bias and stereotypes, the difficulty of engineering coursework – 

in content and in culture - also influences female student connection to the major. In a 
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study done by Case (2007), the concept of student engagement juxtaposed with the 

concept of alienation is explored.  In the author’s work with third and fourth year 

chemical engineering students, a main theme emerged that found student engagement 

was hindered by the difficulty in content of the engineering coursework and due to the 

rigor of engineering coursework, many students interviewed expressed a feeling of 

isolation or alienation in terms of their relationship with university life as a whole (Case, 

2007).  “The dominant experience of being a student in this context is one of drudgery, 

discipline and denial, devoid of passion and enjoyment, and in some instances leading to 

a complete disengagement” (p.131).  In another example of how the rigor of the 

engineering curriculum can affect female learners, Crocker, Karpinski, Quinn, and Chase 

(2003) argue that female self-esteem and a sense of belongingness might be affected 

when earning low grades in engineering classes, if their self-worth is reliant on high 

academic performance.  This begs the question, do females react more to lower 

achievement due to a rigorous curriculum than do males?  In their study, the researchers 

did find “the effect of bad grades on the self- esteem of highly contingent students was 

greater for women, greater for engineering majors, and especially greater for women in 

engineering.” (Crocker et. al., p. 514), however for women who do experience depressive 

symptoms on lower academic performances, these women felt a boost in self-esteem 

when they earned higher grades in engineering classes (Crocker, Karpinski, Quinn, & 

Chase, 2003).      

 In addition to the rigor of the coursework, the female perception that she does not 

“fit in” or belong in engineering classrooms may be a result of the classroom being 
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“chilly”.  Chilly classroom is terminology that was introduced by Hall and Sandler in 

1982.  Chilly classroom means a climate in the classroom that is less friendly for women 

and where men are treated differently.  Toward the late 1990s, the term chilly classroom 

also encapsulated disadvantaged students in general (Allan & Madden, 2006; Serex & 

Townsend, 1999).  In a mixed-methods study conducted by Allan and Madden (1996) 

with undergraduate juniors and seniors, the researchers sought to explore whether the 

chilly classroom was indeed a phenomenon still affecting females in higher education.  

The researchers administered an electronic survey with mostly closed-ended questions, 

asking questions about student experiences around gender bias inside of the classroom, as 

evidenced by the frequency they are interrupted by male students.  Based on the results, 

certain scales were created for the student survey to ascertain behaviors of male 

classmates, silencing behaviors, sexually offensive behaviors.  In terms of female 

impressions of faculty, other scales were developed: stereotyping women, encouraging 

men more than women, dismissing and demeaning women, and sexually inappropriate 

behaviors.  As this study was mixed methods, qualitative aspects were also explored.  

Open-ended questions were asked in focus groups and in the initial survey. In the results, 

Allan and Madden (1996) found “women enrolled in male-majority fields reported 

experiencing the most overt forms of discouragement by faculty” (p. 695).  Some of the 

women involved in the study expressed discouragement based on a lack of faculty 

intervention or guidance when material was difficult to master or when male students 

were behaving poorly toward female students.  Mostly, women reported feeling 

marginalized in the classroom, whether a male student tried to take over when a woman 
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was completing a lab or when male students dominated the professor during class with 

questions or comments.  Overwhelmingly, women reported experiencing stereotyping of 

gender roles.  Additionally, female students reported moments when professors used 

inappropriate sexually charged humor in the classroom.    

 Aside from a chilly classroom existing for female engineering and STEM 

students, a chilly department exists for female faculty, where workplace bias negatively 

impacts them, leading to an increase in attrition and dissatisfaction (Xu, 2008). Do the 

female faculty who persevered all the way through a terminal degree feel the way the 

undergraduate females feel in engineering, like they also do not belong?  The author finds 

that females are offered less support and opportunity than are men in STEM academia 

(Xu. 2008).  To bolster this claim further, evidence exists in the literature that female 

faculty are denied tenure more often than their male colleagues in STEM academia 

(August & Waltman, 2004; Bronstein & Farnsworth, 1998; Xu, 2008).  Long (2003) 

agrees by suggesting that although women are less represented in every avenue of the 

engineering career path as compared to men, women are also “less likely to hold more 

advanced positions in industry or academia, and receive lower salaries even after 

adjusting for differences in age, field, and type of work” (p. 171).  Hill, Corbett and St. 

Rose (2010) concur with Xu (2008) by boldly stating when female faculty in STEM 

disciplines perform competently, often they are ostracized or disliked, and assumed 

incompetent despite their competency.  According to the authors, the consequences of 

being disliked as a female STEM faculty member may result in lower pay, fewer 

allocations and also attrition (Hill, Corbett and St. Rose, 2010).  Another consequence, 
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Griffith (2010) indicates that more female faculty members than male faculty members in 

STEM departments hold a lower rank (Assistant Professor versus Associate or Full 

Professor).  The author does say the difference in rank may be a result of new and 

younger female faculty entering into departments where male colleagues have resided for 

many years (Long, 2003).  

Aside from faculty, for female students “changes in academic STEM culture are 

needed in order to attract more women scientists and narrow the current gender gap” (Xu, 

2008, p. 607).  Harper and Quaye (2009) in addition to Yorke and Longden (2004) 

concur that climate and culture impact female experiences in STEM majors.  Harper and 

Quaye (2009) recommend that universities conduct climate assessments on a regular 

basis to gauge what females in STEM majors are experiencing (Harper & Quaye, 2009).  

The authors suggest that by surveying both female students who change majors and 

female students who graduate in addition to utilizing focus groups, universities can 

examine campus climate and get a more in-depth feel of female student experiences 

(Harper & Quaye, 2009).  

 Despite the pervasiveness of gender bias in the classroom, stereotype threat and 

self-stereotyping, and the chilly classroom for females, several avenues exist for 

engineering students on the college campus that may influence them to feel more like 

they belong on campus and in an engineering major.  The role of mentors on campus, 

whether the mentor relationship is formal or informal, can impact students in a profound 

way.  The next section explores traditional relationships within formal programming on 
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campus, less formal relationships formed between peers, and the interactions between 

students and faculty members.    

Mentors: Formal or Informal 

Mentor-like relationships may positively influence female students. Mentoring 

programs can be found on a variety of college campuses across the globe, both private 

and public.  Many of the more formal mentor programs target first-year students and aim 

to pair more experienced students with newer students to help facilitate a more seamless 

transition to college life and/or to a particular major through peer relationship building.  

As an example that reports favorable results, Union College in New York has a peer-

mentoring program that enhances the advising experience between the college staff and 

incoming freshman, named Peer Assistance for Learning (Rosenthal & Shinebarger, 

2010). In this program, peer mentors are selected by advisors and are extensively trained 

in recognizing student learning disabilities or issues of depression, during meetings with 

their mentees in addition to teaching workshops ranging in topics like time management 

and stress. Feedback about the program is positive, with students raving about the help 

they received in their first two years of college (Rosenthal & Shinebarger, 2010). In 

another example of mentoring, The University of Calgary piloted a program seven years 

where peer mentors, referred to as Assistants, hold a variety of roles such as tutor, online 

facilitator, and study group organizer, while also attending ongoing Assistant training to 

teach them mentoring techniques. By integrating Assistants into freshman and sophomore 

lives, students report enhanced learning, where 70% reported that they benefitted from 

the relationship (Smith, 2007).   
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 Aside from formal peer mentorship programs on college campuses, mentor 

relationships can also be informal in nature and often exist outside of programming 

implemented by advising offices on campuses.  Many students find camaraderie within 

their peer group.  In another example, students exhibited greater engagement and more of 

a sense of connectedness when studying in small groups they formed or in groups they 

were paired in engineering classes (Case, 2007).  The sentiment can be inferred that 

students who are involved in small study groups feel more successful at their major, as 

there is camaraderie in that students’ are all working together for a common purpose.   

In terms of relationships that are not structured or part of a program or initiative, Wilcox, 

Winn, and Fyvie-Gauld (2005) delve into the importance of social integration on college 

campuses as a factor that influences engagement and retention on campus.  The authors 

believe that if the social experience is enhanced and if students feel connected to other 

students, students tend to stay enrolled (Wilcox, Winn, & Fyvie-Gauld, 2005).  Reddick 

and Saenz (2012) also stress the overall importance relationships on campus.  The authors 

discuss the importance of allies on campus because these relationships help build self-

confidence in new students who may feel out of place.    

Student-Faculty Interactions  
 
 In addition to mentor programs and mentor or ally relationships, student-faculty 

interactions are proven to help college students.  What happens outside of the classroom 

between faculty and students, in more of an informal exchange of knowledge, is critical 

for enhancing student engagement and in turn, for impacting persistence or attrition rates. 

Pascarella and Terenzini (1976; 1978) suggest that informal interactions between faculty 
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and student affects attrition rates because students who interact with faculty in this 

manner feel more of a sense of integration, both academically and socially, at the 

institution. In essence, the comfort level of the student is impacted (Pascarella & 

Terenzini, 1976; 1978; Tinto, 1975).  In a quantitative study conducted by Pascarella and 

Terenzini (1978), the intent was to look more critically at Spady’s (1970; 1971) 

conclusions regarding any positive impact on student outcomes influenced by faculty-

student interactions, the authors hypothesized that the intellect of the student and the 

forwardness of the student who sought out interactions with faculty would have a more 

positive outcome. The authors found that the intellect or extroversion of the student did 

not largely influence the positive outcome of the faculty-student interaction, leading the 

authors to purport that institutions can affect student outcomes for any student, and to 

extrapolate, institutions can in turn affect attrition rates, by encouraging faculty and 

students to interact regularly despite individual differences in intelligence, personality or 

major (Pascarella & Terenzini, 1978).  In a follow up quantitative study, Pascarella and 

Terenzini (1979), with the work of Tinto (1975) and Spady (1970) in mind, sought to 

figure out if student gender differences impacted attrition rates or influenced the faculty-

student interaction. While both male and female student interactions with faculty centered 

on academics, the authors concluded that there is a gender difference in the topics 

discussed informally with faculty members. Male students tended to discuss career paths, 

academic programming, and inquired about courses while female students sought out 

faculty interactions to socialize or to talk about campus problems.  Despite subtle 

differences in what male or female students discussed, the faculty-student interaction was 
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perceived as being meaningful and correlated with persistence.  Although not causal, 

cognitive and affective gains are also perceived more in those students who sought to 

interact frequently with faculty outside of the classroom (Pascarella & Terenzini, 1976).   

 However, a subtle distinction exists in the literature regarding faculty-student 

interactions versus faculty presence in the department.  No matter how many female 

faculty have a presence within the department, there is a greater impact on the student 

when interactions with faculty occur, whether the interaction is considered a mentoring 

relationship or not (Griffith, 2010).  Further, Griffith (2010) found that female faculty 

existing within the department might not actually impact female persistence in STEM 

majors.  As mentioned previously (August & Waltman, 2004; Bronstein & Farnsworth, 

1998; Hill, Corbett, & St. Rose, 2010; Xu, 2008) and in agreement with Griffith (2010), 

female STEM faculty members may feel or be alienated or marginalized, which may add 

to why their presence in the department does not help female STEM students with 

belongingness or with retention.  However, there is evidence that the presence of female 

graduate students in the department have more of an impact on female undergraduate 

retention in STEM.  Without explicit mentorship being a focus, persistence in STEM 

majors is enhanced more by a larger number of graduate students being present in the 

department.  More research needs to be conducted teasing out why female graduate 

students are seen more as role models than female faculty members are for young women 

in STEM departments (Griffith, 2010). 
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Co-Curricular Involvement 
 

Researchers are also beginning to look at the role of gender specific campus based 

clubs and organizations to note how, if at all, these clubs and organizations are 

influencing the way that specifically female STEM majors engage with their major. 

Although sparse, research does indicate that the impact of campus organizations or clubs 

aimed at female students in particular can have an affect on female engineering students 

(Ferguson, 2011; Robinson & Reilly, 1993).  To explore this further, the next section 

largely highlights co-curricular involvement as it impacts college students in general and 

as it impacts female engineering students.   

In a study conducted by researchers at the University of Missouri-Rolla, female 

alumnae gave feedback on the educational experiences (campus organizations and clubs) 

that helped them find success in their degree program. Females in this study, with a 

sample size of 500 respondents, reported that a small school environment helped them 

connect with peers who shared similar interests or goals.  Also, having the opportunity to 

participate in clubs and organizations and even take on leadership roles within these clubs 

and organizations helped them connect with other females on campus.  Additionally, the 

interactions they had with faculty either positively or negatively influenced their 

perception along with the availability, or lack of, female role models influenced females 

(Robinson & Reilly, 1993).   

Although based on ethnicity rather than major selection, Reddick and Saenz 

(2012) argue that co-curricular activities, such as involvement in a club or organization 

provide an opportunity for students to foster a sense of belonging on campus.  In Saenz’s 



  	  

	   49	  

narrative (Reddick & Saenz, 2012), he indicates that two groups in particular at his alma 

mater drew him in once he arrived on campus, helping him to build a network of people 

to rely on.  Coined “affinity groups” by Kuh and Love (2000), students seek out 

involvement on campus to help them fit in and feel more at home.   

In a study conducted by Ferguson (2011), female engineering undergraduate 

students attending The University of Texas at Austin report that several programs 

existing in the Cockrell School of Engineering are helpful.  The programs students 

mentioned in Ferguson’s study (2011) that support engineering undergraduate students at 

this institution include: First-year interest groups, including Equal Opportunity in 

Engineering Program first-year interest groups; and the Women in Engineering program.  

First-year interest groups meet in a weekly one-hour long seminar format during their 

first semester.  These classes provide students with resources relevant to campus and also 

to the surrounding city along with creating a platform for freshmen to meet other 

freshmen, staff and peer leaders (Ferguson, 2011).  The Women in Engineering Program 

provides not only weekly meetings for female students specifically, but also links 

students to mentors in their major and in the outside engineering community.  Students 

participating in Ferguson’s (2011) also highlight the benefit of several other 

organizations on campus: the Society of Hispanic Professional Engineers; Pi Sigma Pi 

Minority Academic Engineering Society; and, the National Society of Black Engineers. 

Methodological Shortcomings in Previous Studies 

Many studies conducted on women in engineering fields are quantitative and 

therefore, not able to highlight female narratives.  Additionally, most studies are not 
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conducted with female graduates of engineering programs, except for Robinson and 

Reilly’s work (1993).  What’s more, recommendations regarding how to engage STEM 

students are often not differentiated by gender (Allen & Madden, 1996; Case, 2007).  

Additionally, as previously highlighted, of the recommendation given regarding how to 

recruit and retain more females in STEM disciplines, a pervasive underrepresentation 

continues to exist in the number of females graduating with engineering degrees and who 

pursue engineering careers.  Not to say the recommendations that currently exist are not 

sound or that the administrators implementing these initiatives are not working hard to 

shift the culture in engineering departments on campus, but despite these initiatives, 

women continue to be vastly underrepresented and more research needs to be conducted 

to explore how to help female engineering students feel more connected to the major and 

to the profession.  By conducting research with “successful” female engineers, alumnae, 

perhaps new insights can be captured in qualitative interviews that provide information 

about how these females fostered connection or a sense of belonging to the major. 

 While research has identified some factors that contribute to females engaging in 

their engineering major, such as the factors detailed above, there are still many avenues 

for further research.  Many studies discuss the factors that help students in general remain 

engaged in higher education while some studies reveal specific influences on engineering 

majors, not focusing on any potential gender differences.  Of the studies that discuss 

factors that impact female engineering students in particular, only negative influences are 

discussed, without any focus on what helps females become comfortable with their major 

choice.  Aside from the existing literature, many studies focus only on deficits, such as 
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how females are underprepared for engineering majors and why women do not declare 

engineering majors and why women show high attrition rates in engineering fields.  One 

study discusses alumnae reflections on engagement but does not address how 

involvement in extra-curricular activities may impact female engagement or connection 

in the major and this study does not focus on specifically on alumnae of engineering 

programs (Robinson & Reilly, 1993).  By conducting a qualitative, phenomenological 

study by utilizing Astin’s (1985; 1993) Input-Environment-Output Model along with 

Student Involvement Theory, based on Student Engagement Theory, as frameworks, the 

research can focus on how female graduates of engineering programs impacted their 

connection to engineering while shortcomings in previous studies will be analyzed.   

Theoretical Frameworks 

This study will be analyzed using Astin’s (1985; 1993) Input-Environment-

Output (I-E-O) Model and Astin’s (1999) Student Involvement Theory to investigate the 

experiences of female engineering alumnae as they reflect on how they fostered a 

connection to their major and a sense of belonging while obtaining their degree.  Astin’s 

(1985; 1993) Input-Environment-Output model is explored in greater depth, followed by 

Astin’s (1999) Student Involvement Theory in this section. 

Input-Environment-Output Model 

The I-E-O model consists of inputs – characteristics or capital that a student 

arrives on campus with and the students’ background; environment  – the kinds of 

experiences a student has on campus as it relates to their involvement and interactions 

with others; and, outcomes – the result of inputs and environment on the student that 
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contributed to students’ attitude, beliefs and values (Astin, 1985; 1993; Sauter & Kelly, 

2007; Smith & Trenor, 2010).  Within Astin’s (1985; 1993) model, Smith and Trenor 

(2010) summarize eight environmental factors that impact student development: Peers; 

major choice; involvement; faculty; the culture of the university; rigor of curriculum; 

living situation; and, finances.    

This model can be applied to a wide variety of studies.  For example, I-E-O was 

utilized in Long and Amey’s (1993) study with underprepared community college 

commuter students in Kansas as they were required to take English developmental 

courses to increase their proficiency, acting as the environment piece of the model.  

Results suggest that students that were required to take developmental courses had 

educational gains.  The I-E-O model was also used by Pike, Kuh, and Gonyea (2003) 

when they investigated if the mission of the institution impacted student outcomes.  

Results of that study indicate student involvement impacts learning and grades, helps 

students integrate on campus, and it impacts students’ perceptions of the campus.   

Citing a study that relates very closely to my own area of research, Smith and 

Trenor (2010) used the I-E-O model seeking to gauge how connected 28 female 

undergraduate engineering student commuters were to their major. Informed by a prior 

mixed-methods study conducted by Trenor et. al. (2008) that investigated minority 

female engineering undergraduate commuter students, a summary of the results from 

Smith and Trenor’s  study (2010) suggest the following: 
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1. Relationships with peers matter, as they serve as a support network, which  
 
      confirms Astin’s (1993) assertion that peers are an important support. 
 
2. Gaining access to engineering classes contributed to a sense of belonging. 

 
3. More involvement with student organizations led to a greater sense of  

 
connection.  

 
4. Getting involved early on in their degree program helped this group access  

 
support networks on campus. 

 
Specific to commuter populations, less time on campus impacted their sense of belonging 

because they were less able to involve themselves in campus endeavors.   

In addition to Astin’s (1985; 1993) I-E-O model, Astin’s (1999) Student 

Involvement Theory will be used to help guide the study. The concept of student 

engagement has existed for more than eighty years, beginning in the 1930s, although it 

has been called many other names, such as “time on task” or “quality of effort” or 

“student involvement” or “outcomes” (Kuh, 2001).  Presently, the term engagement “is 

used to represent constructs such as quality of effort and involvement in productive 

learning activities (Kuh, 2009).  London, Rosenthal and Gonzalez (2011) define 

engagement broadly, as being ideological and behavioral, as evidenced by students 

feeling like they fit in or not, or by their active or passive role in participation in groups 

or clubs, by their achieving high grades or in their seeking out help.  The National Survey 

of Student Engagement (NSSE) provides a framework in defining what student 

engagement is (Kuh, 2009): 
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The engagement premise is straightforward and easily understood: the more  
students study a subject, the more they know about it, and the more students  
practice and get feedback from faculty and staff members on their writing and  
collaborative problem solving, the deeper they come to understand what they are  
earning and the more adept they become at managing complexity, tolerating  
ambiguity, and working with people from different backgrounds or with different  
views (p. 5).  
 

Those colleges that exhibit a higher level of student engagement provide a variety of 

activities that directly contribute to more positive student outcomes (Kuh, 2001).   

Astin (1999), a former clinical psychologist focusing on behavioral aspects of 

engagement, discusses student engagement in terms of student involvement on campus, 

and although his theory is based on Student Engagement Theory (Kuh, 2001), the 

researcher focuses on inputs and outputs but provides greater depth and includes the 

assertion that personal development and growth contribute to the academic experience, 

conversely that engagement is not merely a product of how hard a student studies and the 

kind of grades that are earned as a result.  Astin (1999) states: “Student involvement 

refers to the amount of physical and psychological energy that the student devotes to the 

academic experience” (p. 518).  Chickering and Gamson (1987) concur with Astin (1999) 

and recommend student-faculty interactions and respect for diversity to improve 

engagement on the college campus.   

Student Involvement Theory 

 In a study using Student Involvement Theory (Astin, 1999) as a framework to 

help understand how community colleges students fostered academic success in their 

students, Friedlander & McDougall (1992) utilized a tool that Friedlander, Pace, and 

Lehman (1990) created, based on the College Student Experience Questionnaire (Pace, 
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1982, 1989), called the Community College Student Experiences Questionnaire 

(CCSEQ). The researcher’s aim was to learn more about the quality of effort students put 

toward their academics and their involvement in student organizations, hoping to better 

understand what kind of investment students put toward their educational goals. 

Measuring the satisfaction of students with their education as well, the CCSEQ was given 

to students at twenty-five community colleges and according to the researcher, over 6000 

students participated in this study (Friedlander & MacDougall, 1992).  The results of the 

survey suggests that “the amount and quality of effort invested by students in taking 

advantage of the opportunities in the college setting has been found to be a much more 

important factor in explaining achievement than student background characteristics and 

type of college attended” (p. 27).  This result confirms prior research by Astin (1985) and 

by Pace (1989).  The way Friedlander and MacDougall (1992) applies Student 

Involvement Theory in his study helps practitioners and administrators determine how to 

better engage college students and how to foster “success” in their students while also 

suggesting strategies in which campus staff can foster involvement on campus, such as in 

providing: Course-related activities; class activities; contact with faculty and students; 

participating in faculty advising; and in having a job on campus.   

 In another study utilizing Student Involvement Theory with undergraduate 

students, Ambler (2006) conducted a quantitative study that investigated how 

involvement impacted or improved the mental health of traditionally-aged college 

students at a state college.  Although research has found that involvement affects students 
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(Pascarella & Terenzini, 1991; 2005), Ambler (2006) reports that no direct link or claim 

was proven that involvement impacts or improves the mental health of students.   

By using these theoretical frameworks, I hope to confirm or to expand on 

previous research regarding how involvement impacts students’ connection and sense of 

belonging to the engineering major. 

Summary and Introduction to Chapter 3 
 

Throughout Chapter 2, along with an historical overview of females in higher 

education and of females in engineering higher education, the substantive shortcomings 

of previous studies are examined and critiqued.  While some studies discuss factors that 

help students of either gender remain invest in and feel connected to their higher 

education, other studies focus on the factors that influence students specifically in 

engineering majors.  Of the studies that discuss factors that impact female engineering 

students in particular, mostly negative influences are discussed.  One study discusses 

alumnae reflections on engagement but does not address how involvement impacts 

female sense of belonging in the major (Robinson & Reilly, 1993).  Aside from existing 

literature, previous studies focus more on deficits relating to why women are unprepared 

for engineering majors, why women do not declare engineering majors or why women 

drop out of engineering majors.   

In Chapter 3, research questions are revisited.  Research methodology and a 

description of the study are provided, with an in-depth discussion about 

phenomenological research methods.  Data collection, the use of interviews, a description 

of the population and sample is offered.  What follows is a discussion of the role of the 
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researcher, including any biases and assumptions that may exist.  The data collection 

instruments and procedures are discussed, followed by addressing intended data analysis 

and procedures, including procedures for coding the research.  (Examples of instruments 

mentioned in Chapter 3 are located at the end of the paper, in appendices.)  Limitations 

and delimitations of the study are provided.  Chapter 3 concludes with a calendar of 

research activities and a summary of the study, as well as with a rationale for layout of 

Chapters 4 through 7. 
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CHAPTER 3:  METHODOLOGY 
 

As stated in Chapter 1 and 2, this study aimed to understand the experiences of 

alumnae, as they reflected on navigating through an engineering major at a college or 

university.  By gaining insight into alumnae experiences, factors contributing to female 

experience in engineering majors iterated in prior studies may be supported while other 

previously unexplored factors may be introduced that give researchers a broader 

understanding of how to impact female connection to engineering throughout their 

college career and beyond.  To gain a better understanding of alumnae experiences and 

perceptions, research questions are provided to help guide the study. 

Research Questions 

In honoring the purpose of this study, the following research questions were used: 

1. How does early exposure to mathematics and science help build  
 
confidence in and/or interest in pursuing an engineering major in college, if at all? 

 
2. How, if at all, do female graduates of engineering programs describe the impact  

 
of the interactions had with faculty and peers while obtaining their degree? 

 
3. How does involvement as an undergraduate student or as a professional impact  

 
connection to engineering, if at all? 

 
After presenting the research questions for this study, the research method and design is 

provided in the next section of this paper. 
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Research Method and Design 

Patton (1980) describes qualitative research as a style of research that allows the 

researcher to collect descriptions of events, people, situations, and behaviors in a way that 

is more detailed, differing from quantitative data collection where categories are selected 

prior to data collection and numerical values are assigned to predetermined categories.  

By conducting a qualitative study, the researcher can focus on the unique experiences of 

individuals, providing a certain depth in data that quantitative studies cannot provide 

(Maxwell, 2005; Patton, 1980; 2002).   

Creswell (2003) describes qualitative research as a constructivist approach, 

aiming to learn more about individuals’ experiences and how individuals make meaning 

of those experiences.  An additional focus in all qualitative research methods is to 

establish relationships and rapport with participants (Dillard & Reilly, 1988; Hays & 

Singh, 2012; Maxwell, 2005; Seidman, 1998; 2006).  Building rapport can have positive 

results for the study because participants will feel comfortable sharing personal 

information with the researcher, fostering robust insight into individual’s perceptions and 

experiences (Maxwell, 2005).  To help build rapport, Dillary and Reilly (1988) 

recommend the researcher create a comfortable environment for participants, by ensuring 

that participants’ understand the goals for the interview through information sharing and 

clarification.   

By conducting individual interviews with participants, by engaging in 

observations, or by utilizing written documents, the researcher collects qualitative data 
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(Patton, 2002).  For the purposes of this study, to explore the lived experiences of 

alumnae, interviews were conducted to support this phenomenological research.   

Phenomenological Research 

By conducting a phenomenological study, the researcher is able “to focus on the 

particular phenomena being studied” (Maxwell, 2005, p. 80).  The researcher has an 

opportunity to better understand the experiences and perceptions of specific individuals 

in phenomenological research.  Phenomenology is defined as being the participant’s 

reality and how she sees herself in the world (Willis, 2007).  This is a part of interpretive 

research, where the goal is to understand the context and the situations my participants 

perceive is their reality.  It is the “study of people’s perception of the world” and it 

focuses on participant’s subjective experience (Willis, 2007).   

The main strength in the methodology of my study exists in being able to learn 

more about the experiences and perceptions of individuals who graduated with an 

engineering degree and the ways in which these individuals fostered a sense of belonging 

in their major.  By utilizing phenomenology, female engineer experiences are validated 

because using this type of methodology allows participants to find meaning in their 

perceptions (Bogden and Biklen, 2007).  Drawing from Seidman’s work (2006), in this 

study, the use of phenomenology gives voice, creates meaning, and gives context to 

female engineers, who may need to process feelings of isolation or marginalization from 

their undergraduate years.  
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Data Collection and the Use of Interviews 

 The purpose of using interviews in qualitative research is to allow the researcher 

to understand the consciousness that an individual has developed based on experiences 

(Creswell, 2003; Patton, 2002; Willis, 2007).  In other words, using interviewing allows 

the researcher to “understand the experience of other people and the meaning they make 

of that experience” (Seidman, 1998, p. 3).  The qualitative interview provides a platform 

to interpret participants’ experiences based on what they say (Gubrium & Holstein, 

2001).  

Although there are a variety of ways to structure interviews, (see, for example, 

Hays & Singh, 2012; Seidman, 1998; 2006), it is recommended that the researcher adhere 

to using a three-interview series, spacing each interview from three to twenty-one days 

apart, with each lasting up to ninety minutes (Seidman, 1998; 2006).  In the three-step 

interview series, the focus is on the life history during interview one, the details of the 

participant’s experience during interview two, and allowing for reflection in interview 

three (Seidman, 1998; 2006).  Although this style of interviewing is recommended – in 

fact, Seidman (1998; 2006) strongly urges researchers to avoid straying from this 

approach - alternatives do exist which allow the researcher, when most appropriate, to 

interview participants only twice.  Warren and Karner (2010) note that researchers often 

interview participants only once but in some longitudinal studies, multiple interviews can 

take place over the course of years.  Although Seidman’s (1998; 2006) approach is a 

three-step protocol, the author concedes that structure can be altered as long as the 
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researcher allows participants time to reflect on their experiences (see, for example, 

Reddick, 2007).   

For the purpose of this study, I developed two interview guides and conducted 

two sets of interviews with participants, with the intent of having the first interview focus 

on rapport building and on exploring perceptions regarding their family of origin, K-12 

schooling and university life while the second interview targeted post-university life and 

engineering as a career choice.  In creating interview guides, I ensured that the questions 

I asked participants aligned with the research topic and with the overall research 

questions.  Being mindful about the kind of questions to ask and when to ask them help 

the interviews flow and experienced researchers like Patton (2002) and Snow, Zurcher 

and Sjoberg (1982) provide categories to help guide novice researchers in selecting which 

questions to include on interview protocols (Hays & Singh, 2012, p. 241-242): 

• Background or demographic questions 
• Behavior or experience questions 
• Opinion or value questions 
• Knowledge questions 
• Feeling questions 
• Sensory questions 
• Probing questions 

 
Furthermore, Rubin and Rubin (1995) identify all interview questions to fall into one of 

three categories: Main questions, Probing questions, and Follow-up questions.  After 

creating questions for the interview guides, to ensure the interview guides flow and to 

avoid potential pitfalls typical for novice researchers, researchers informally pilot the 

interview guides with colleagues or with students that will not be a participant in my 

actual study prior to interviewing any participants (Glesne, 2006; Hays & Singh, 2012). 
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By testing out questions prior to the actual interviews, Maxwell (2005) suggests that the 

researcher anticipate how the participants will respond to certain questions.  This helps 

the researcher understand why certain questions work and why some are not interpreted 

as intended.  In pilot testing the interview questions, preferably with a population similar 

to the actual study participants or with colleagues in my field of study, the researcher can 

gain insight into which questions need to be revised in my interview (Maxwell, 2005).   

Both interviews conducted for this study were semi-structured, giving alumnae 

direction but allowing them to expand on their experiences with slight tangents, if an 

interesting phenomena was identified during the process (Hays & Singh, 2012; Lofland 

& Lofland, 1984; Willis, 2007).  By doing semi-structured interviews, also called in-

depth interviews, participants were given more freedom to wander slightly from the 

questions asked and to elaborate further on points meaningful to them, within a 

framework, while I helped guide the discussion (Hays & Singh, 2012; Lofland & 

Lofland, 1984; Rubin & Rubin, 1995; Willis, 2007).  Lofland and Lofland (1984) 

recognize the importance of questions eliciting similar responses from individuals, in 

semi-structured interviews, there is no required response from participants and interviews 

can be more flexible, allowing the researcher to ask questions as they come up, even if 

they are not in the interview guides.  According to the authors, the researcher can also 

decide as the interview progresses whether or not to omit questions that seem less 

relevant to that individual’s experience (Gubrium & Holstein, 2001).  Hays and Singh 

(2012) recommend that the researcher has between 5 to 10 questions prepared for any 

individual interview, expecting that interview to last between thirty and sixty minutes, 
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although some interviews last longer.  For this study, many more than 5 to 10 questions 

were prepared in advance, but not all participants were asked all questions.  Also, 

Interview 1 lasted between thirty and sixty minutes, as expected, and Interview 2 had 

more variance, lasting between thirty and ninety minutes, depending on the participant.  

Phone interviews tended to be shorter than in-person interviews.   

Interviews 1 and 2 

Rapport building begins prior to the interview stage in qualitative research, 

extending into the first interview (Hays & Singh, 2012).  With the first interview focusing 

on rapport building and the second interview focusing on asking more in-depth questions, 

the second interview targets the overall research agenda (Glesne, 2006; Seidman, 1998; 

2006; etc.).  According to Seidman’s (1998; 2006) protocol, the first interview should 

focus on the life history of the participant, the second interview should focus on going 

more in-depth regarding participants’ experiences, and the third interview should offer a 

space for the participants’ to reflect and to make meaning of their experiences.  Given 

that I only conducted two interviews for this study, as previously discussed, the second 

interview was more in-depth than the first interview.  Both interviews offered 

participants’ an opportunity to elicit their reflections.  To remind the reader, two drafts of 

interview guides are published in Appendix C and D.   

Description of Population and Sample 

 By using purposive selection, researchers can target a specific population to 

examine in-depth (Denzin & Lincoln, 2000; Maxwell, 2005; Miles & Huberman, 1994; 

Patton, 1980; 2002; Seidman, 1998; 2006).  More specifically, Hays and Singh (2012) 
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indicate that purposive sampling is most appropriate when selecting participants for 

research that will provide more in-depth detail about a phenomenon.  Maxwell (2005) 

concurs by saying purposeful, also referred to as purposive, selection helps researchers 

identify differences within groups and it is a “strategy in which particular settings, 

person, or activities are selected deliberately in order to provide information that can’t be 

gotten as well from other choices” (Maxwell, 2005, p. 88).  Patton (1980) reminds 

researchers that purposeful rather than random sampling is most appropriate when a 

researcher wants to learn more about a specific population, without the explicit goal of 

generalizing the data to make it representative of a larger group.  For this study, due to 

my interest in speaking specifically with engineering alumnae, a clearly identified sample 

of a larger population, purposive sampling was the most logical choice.   

To give more context to participants varied experiences, the Carnegie basic 

classification descriptions were utilized (and adapted) when describing the alma mater of 

each interviewed participant.  The Carnegie categories are identified as: Associate 

granting colleges; Doctorate-granting universities; Baccalaureate colleges; Special focus 

institutions; and Tribal colleges (The Carnegie Foundation for the Advancement of 

Teaching, 2010).  In Chapter 4, the categories are adapted and provided in Table 1.   

In this study, the sample targeted includes females who graduated from 

engineering programs from 1980 or later from various American universities.  Given “the 

number of American women who earned science and engineering degrees increased 

steadily from the 1960s to the early 1980s, then unexpectedly reached a plateau” (Brush, 

1991, p. 404), including females in this study who graduated after 1980 may target a 
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sample that allow researchers to understand why this plateau emerged.  Also, an effort 

was made to vary the sample by speaking with participants that represent different facets 

of the Carnegie classifications.  The initial reason for this approach is that although all of 

the participants for this study are engineering graduates, I did not know in advance if the 

participants would have similar or dissimilar experiences or influences when they were 

pursuing their undergraduate degree and whether participants would all have attended a 

larger, public research university or a smaller, private college.  To allow for even more 

variety in participant reflections within groups, the age of the participant did not matter as 

much in this study.   

 In recruiting participants, Rubin and Rubin (1995) acknowledge the use of social 

networks in choosing participants to interview, drawing from the researcher’s 

acquaintances to build a sample.  To recruit participants, I utilized social networks, 

reaching out via email to university colleagues with access to alumni databases.  The 

email invitation asked university colleagues to forward a brief synopsis of the study and 

contact information of the researcher to potential alumnae.  (A sample email invitation is 

provided in Appendix A.)  An additional way to recruit a diverse sample was to utilize 

the help of colleagues who are involved with several engineering organizations, such as 

the Society of Women Engineers, the National Society of Black Engineers and the 

Society of Hispanic Professional Engineers.     

Once colleagues helped link me to alumnae, I spoke with the engineering alumnae 

and utilized a snowball sampling technique, asking for willing participants for assistance 

in recruiting more potential participants for this study.  Snowballing is an appropriate 
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technique for small populations where selection criteria are specific (Hays & Singh, 

2012; Gall, Borg, & Gall, 1996; Gubrium & Holstein, 2001; Ritchie & Lewis, 2003; 

Rubin & Rubin, 1995).  Further, since researchers have to be keenly aware of bias, one 

way to mindfully use snowballing was to ask selected participants to suggest recruiting 

individuals that are similar to them in certain ways and dissimilar to them in other ways 

(Ritchie & Lewis, 2003).   

Although it was hard to predict in advance how many participants would be 

needed for this study, Creswell (2006) and Morse (1995) suggest aiming to include up to 

ten participants in any phenomenological study.  Seidman (1998; 2006) differs in 

opinion, suggesting there is no set number to aim for in phenomenological research, but 

two criteria exist that help guide the researcher in determining when enough is enough: 1) 

When the researcher feels the information ascertained from the interviews can provide 

outsiders a sense of participants’ unique experiences, the researcher may have 

interviewed enough participants (Seidman, 1998; 2006).  Additionally, 2) when the 

researcher hears similar themes multiple times from several participants, there might be 

saturation in the data, and the researcher may have interviewed enough participants 

(Douglas, 1976; Glaser & Strauss, 1967; Lincoln & Guba, 1985; Mason, 2002; Rubin & 

Rubin, 1995; Seidman, 1998; 2006).  Further, Hays and Singh (2012) provide qualitative 

researchers a helpful flow chart to help determine what sample size is most appropriate 

(see Figure 1.1).  For this study, I aimed for ten participants but as a novice researcher, I 

did not realize how effective snowballing would be as a technique.  I quickly surpassed 

my goal of ten participants and included fifteen participants.   
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Regardless of the sample size, researchers must always ensure that the purpose of 

the research – understanding the meaning of participants’ experiences and perceptions – 

is met (Creswell, 2006; Hays & Singh, 2012; Merriam, 2002; Seidman, 1998; 2006).  

While it is important to ensure that the sample size is not too small so as not to miss 

capturing diversity, Ritchie and Lewis (2003) suggest using a matrix to help selecting a 

target number for my sample size and if the sample size seems unrealistic given my 

resources, to limit the sample in some way.   

 

Figure 1:  Adaptation of flowchart:  Sample size (Hays & Singh, 2012, p. 175) 

The Role of the Researcher & Assumptions 

While researchers must work to foster rapport during interviews while also being 

cognizant of any biases or assumptions they may have, the researcher undoubtedly 

becomes a part of the qualitative study.   Maxwell (2005) says this person is a research 

instrument and she makes sense of the data collected through interpretations.  Before 
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engaging in any research activities, the researcher must be aware of biases and I tried to 

be aware of my biases.  Rubin and Rubin (1995) acknowledge that the qualitative 

researcher “is not neutral, distant or emotionally uninvolved” (p. 12).  The authors 

continue by noting the interview process is affected by the mood of the researcher as well 

as cultural considerations and how close the researcher is to the topics discussed during 

the interview process (Rubin & Rubin, 1995).  I tried to be aware of my values, emotions, 

goals, attitudes, motives and expectations prior to interviewing participants, aiming to 

also be culturally sensitive and non-judgmental (Dillard & Reilly, 1988).   

 As a former advisor in an engineering department at a research university, I 

worked with engineering students on academic probation and with students having 

emotional difficulty with the rigor of coursework, as evidenced by a lower grade point 

average.  Over the course of two and a half years, I witnessed male and female students 

appear to struggle in their major (aerospace engineering).  Based on personal 

observations and based on individual student feedback, female students struggled 

differently than male students.  I posit: Do females need to have networks that are 

different than the networks that males have in engineering majors?  Having witnessed 

male students in particular disengage and withdraw, as evidenced by avoiding professors 

and skipping classes when grades began to drop, female engineering students tended to 

withdraw but continued to attend classes, required advising sessions, and scheduled extra 

meetings with professors and advisors to talk about their pathway in the major.  If the 

researcher assumes that females long for connection to be engaged in the major, I must 

not only assume that networks or relationships matter (see, for example, Anderman & 
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Freeman, 2004; Baumeister & Leary, 1995; McLaren, 2009; Strayhorn, 2008), but I must 

also assume that these are basic human needs and an essential part of the human 

experience (Maslow, 1962).  Furthering this point, Strayhorn (2012) suggests when a 

person does not feel a sense of belonging or connection, feelings of alienation, isolation 

or marginalization ensue (p. 17).   

According to Anderman and Freeman (2004), it is of particular importance for 

students to foster connection to other students when in a situation where they may feel 

out of place or marginalized.  Strayhorn (2012) concurs by stating “sense of belonging 

may also be particularly significant for students who are marginalized in college contexts 

such as women, racial and ethnic minorities, low-income students, first generation 

students, and gay students” (p. 17).  Focusing merely on gender, we are keenly aware that 

engineering classrooms are dominated by male students and by male faculty members, 

and the researcher has a bias that female students seek out networks outside of class to 

foster a sense of belonging.  Assuming if support is available to all students who need it 

while they pursue an engineering degree, these students might be more likely to feel more 

comfortable, resulting in deeper engagement with the work, helping them persist to 

graduation and into a STEM career.  

Data Collection Instruments and Procedures 

 In this section, the instruments used in the study are identified and the role of the 

researcher is clarified.  The instruments used in this study rely on a biographical and 

institutional data form (Appendix B), an informed consent form (Appendix C), and two 

sets of interviews, as previously mentioned (Appendix D, E).  
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 In regards to procedures, I obtained Institutional Review Board (IRB) approval by 

submitting an application to The University of Texas at Austin, beginning the process at 

the website: http://www.utexas.edu/research/rsc/humansubjects/. 	  The intent of 

submitting an IRB application is to ensure that the participants in my study are protected 

from harm, that consent is obtained and that confidentiality is ensured (Warren & Karner, 

2010).  The IRB application was submitted after proposing the first three chapters of this 

study to the doctoral committee after January 22, 2013.   

Once the IRB approved the study, I recruited potential participants and contacted 

them by email and by phone to set up a time and date to do our initial interview.  I asked 

potential participants if they would prefer to meet in-person.  I offered to meet 

participants at a location that was convenient for them and I also offered my professional 

office in south Austin as an option.  If participants could not meet in-person, I offered 

phone interviews as an option.  Participants were either interviewed at my professional 

office, or at their workplace during regular work hours, or via phone. 

In an effort to protect participants in this study, informed consent forms were  

given explaining the nature of the study, any risks involved by participating, participants’ 

rights, the data collection process and how the information will be used, and addressing 

how confidentiality will be protected (Gubrium & Holstein, 2001; Mason, 2002; 

Seidman, 1998; 2006) (see Appendix B).  To protect confidentiality, participants were 

given the option to be assigned a pseudonym, to protect their respective identities.  

Participants were also given the option to have a pseudonym assigned to their alma 

mater.  To further protect participants, the alma mater was identified on the basis of an 
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adaptation of Carnegie classifications, in regards to the size, geographic region, and 

whether their alma mater is public or private and in Chapter 4 I offer vignettes of 

participant profiles (The Carnegie Foundation for the Advancement of Teaching, 2010).  

Given that participants already graduated from their alma mater and are now working in 

the engineering field or not, these measures may have been superfluous, however 

participants were given option to remain as anonymous and unidentifiable as possible.  

Most participants opted to be identified and to have their alma mater identified, but 

because all fifteen participants did not have consensus, I chose to give pseudonyms to 

both the name of the participant and their alma mater. 

After participants consented to being a part of this study and after receiving a 

recruitment email and consent forms, prior to meeting for the first interview, participants 

were emailed a demographic survey to complete, asking questions about biographical and 

former institutional data (Appendix B).  Participants either emailed the biographical and 

institutional data form back to me in advance of the first interview or participants brought 

the completed form to the first interview, only if an in-person interview was scheduled.     

Data Analysis and Procedures 

Technology Use 

As previously mentioned, participants were recruited with the help of colleagues 

and emailed using my personal email account, to which I am the only person with the 

password. After potential participants responded to this email recruitment effort, I called 

potential participants with a cellular phone.  Each interview was audio-recorded using an 

Olympus VN-702PC digital recorder.  The recordings were downloaded to my personal 
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laptop computer, which is also password protected.  Data was backed up using an 

external hard drive, which is locked in my office filing cabinet, to which only I have a 

key.  I also had access to computer software to help with coding, but did not use any 

technology, like AtlasTi, to code.   

Coding 

Each interview was audio-recorded and hand written notes, or memos, were also 

taken.  After listening to the audio-recordings and reviewing hand written notes, 

transcriptions were made.  Seidman (1998; 2006) recommends transcribing interviews as 

a means to analyze qualitative data, allowing the researcher to identify tentative 

categories that emerge in the transcripts (open coding) and to label these categories, 

rather than identifying categories in advance and seeking them out in the transcripts.  To 

code, Glesne (2006) says themes that emerge at first will appear simple and potentially 

general, but over time the thematic categories will become more specific and complex.  

Richards (2005) describes coding qualitative data as being a means to identify themes in 

the material that the researcher wishes to interpret.  The author continues by defining the 

goal of coding in qualitative research by saying “the goal of coding is to gather together 

everything about a topic or an analytical concept, in order to review and refine thinking 

about this category” (Richards, 2005, p. 98).  In organizing the data from this study, I 

recognized different themes or codes that emerged that relate to inputs, environment, 

outputs, engagement or involvement.  These descriptive or substantive categories created 

were general at first and will became more specific based on the theories I choose to use 

as my framework, as Maxwell (2005) predicted. 
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After interviewing, creating transcripts and reviewing the transcripts, I created a 

set of initial codes or themes that emerged from the interviews by first focusing on 

research question #1.  Second, I focused on the codes that specifically emerged from 

research question #2 and third, from research question #3.  After coding for each research 

question separately, I used axial coding, described by Strauss and Corbin (1990) as a 

means to focus on larger themes after disaggregating the data into sub-categories.  

Guided by Astin’s (1985; 1993) Input-Environment-Output Model (I-E-O) and by 

Student Involvement Theory (Astin, 1999), themes, also known as clusters of meaning 

(Creswell, 2007), emerged that reflect a variety of insights, including the influence of 

relationships and networks which impact a person’s sense of belonging and connection to 

engineering.       

Theoretical Frameworks for Coding 

 Using Astin’s (1985; 1993) Input-Environment-Output Model (I-E-O) and 

Student Involvement Theory (Astin, 1999), a product of Student Engagement Theory 

(Kuh, 2009), provided a lens with which the researcher can interpret the data.  As stated 

elsewhere, the I-E-O model describes inputs as the capital a student arrives on campus 

with; environment means the experiences students have while on campus; and, outcomes 

describes how the student has or has not changed given the inputs and the influences of 

her environment (Astin, 1997).  Student Involvement Theory, inspired by Student 

Engagement Theory (Kuh, 2009) investigates how much energy students put toward 

academics while also recognizing the influence of environmental influences on 

engagement (Astin, 1999).  As described in Chapter 2, both of these frameworks help 
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explain how students navigate their path toward graduation, how they fostered connection 

to their major and to the engineering field.   

Quality Measures 

To promote validity and reliability in this qualitative research, several strategies 

were utilized.  Creswell (2003) recommends many procedures to validate findings, of 

which the researcher for this study will utilize the following strategies: Member-

checking, clarifying bias, and peer debriefing.  With member-checking, when I needed 

clarification I took data back to the participants to ensure accuracy of it.  To clarify bias, I 

entered the interviewing phase of the research project having reflected on my biases, as 

mentioned earlier in this paper.  Lastly, I used peer debriefing, which involved asking a 

colleague to review the study, to ensure the information is conveyed clearly and the intent 

of the study is honored (Creswell, 2003).  To also help guide this study, I repeatedly and 

frequently re-visited the research questions to help determine that I investigated what I 

was supposed to investigate.   

Limitations  

One misguided critique of qualitative studies is of their smaller sample size or of 

generalizability issues, however Maxwell (2005) argues that although qualitative studies 

may have smaller sample sizes or may not appear as generalizable as quantitative studies, 

qualitative studies “trade generalizability and comparability for internal validity and 

contextual understanding” (p. 80).  In qualitative studies, the individual participant gives 

meaning to her experiences and every participant attaches different meaning and value to 

different experiences.  It would be hard to replicate or repeat the “collective nature of the 
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phenomena that have been generated by the study participants and the meanings that they 

have attached to them” (Ritchie & Lewis, 2003, p. 271).   

For this study, purposeful sampling allowed me to “understand something about 

certain select cases without needing to generalize to all such cases (Patton, 1980, p. 100).  

Although it was not my intention, I anticipated that participants who gave consent to 

participate in this study may not represent a wide variety of four-year engineering 

universities and may have graduated from universities mostly in central Texas.  However 

much I tried to address this issue by utilizing a variety of networks to recruit participants 

who graduated from a diverse set of schools, the sample might have heavily relied on a 

representation from central Texas universities and other universities close to my location, 

given financial constraints that prevented me from traveling around the US to conduct 

interviews.  However, in reflecting on the results of this study, a variety of alma maters 

are represented from across the US.  Another possible limitation I tried to anticipate for 

that could have affected the study was in ethnic diversity of participants and/or in the 

socioeconomic background of participants, based on family of origin.  It is well 

documented that although enrollments are increasing, the underrepresentation of 

minorities in higher education is pervasive (see, for example, Seidman, 2005; 2007; 

United States Department of Education, 1998; 2000) in addition to the 

underrepresentation and persistence of low-income college students (see, for example, 

Haveman & Smeeding, 2006; Pascarella & Terenzini, 1991; Somers, 1995; Tinto, 1993) 

and also the underrepresentation of females in engineering education, (see, for example, 

Alper, 1993; Blickenstaff; 2005; Davis & Finelli, 2007; NCES, 2009).  I attempted to 
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interview a diverse sample but the participants in this study were largely comprised of 

Caucasian/White alumnae originating from middle or higher income backgrounds.   

Delimitations 

 Within the boundaries that I set for this study, certain delimitations existed to help 

narrow the scope.  I interviewed only female graduates of engineering programs - 

alumnae.  The women in this study graduated from a variety of U.S. institutions within 

the past thirty years (Brush, 1991), graduating from either a public or private university. 

While other researchers may be interested in how males, a previously mentioned majority 

in engineering programs, navigated their path to graduation and entered the engineering 

industry, this study intentionally focused on the female journey.   

Calendar of Research Activities 

 By providing a calendar of research activities in this chapter, a timeline was 

provided for both myself and for the committee.  I proposed the first three chapters of this 

study to my dissertation committee on January 22, 2013.  After my candidacy was 

approved, I submitted a request to begin this study to the Institutional Review Board 

(IRB).  When my IRB request was approved, on February 8, 2013, interviews were 

scheduled with potential participants for the study.  Conducting the first interviews in late 

February and concluding interviews by early March, I collected data.  I analyzed my data 

beginning in February after conducting each interview.  Beginning in May and 

concluding in July, I wrote Chapters 4 through 7 of the dissertation.  The results of this 

study were organized chronologically.  It seemed intuitive to present participant vignettes 
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in Chapter 4, followed by Chapters 5 and 6, where I present participants’ reflections on 

pre-college, university life and career.   

In early August, I turned in a complete dissertation draft to my chair.  After 

obtaining feedback, I revised sections of the dissertation and resubmitted this document 

to my chair and after obtaining his approval, I submitted the completed document to my 

committee members.  A dissertation defense date was scheduled for August 30, 2013 and 

I will graduate during Fall 2013.  A calendar of research activities is presented in Table 1. 

Table 1:  Calendar of Research Activity 

Month Research Activity 

January 22-24, 2013 
 

Propose to committee;                                         
Submit IRB request 

February 2013 Recruit participants for study;                            
Conduct Interview #1 
Begin analyzing and coding data 

March 2013 Conduct Interview #2                                                 
Continue analyzing and coding data 

April – May 2013 Continue analyzing and coding data 
May – July 2013 Write up results of study 
July-August 2013 Dissertation drafts to Chair 

Revisions & re-submit dissertation to Chair 
August 30, 2013 Defend dissertation  
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Summary of the Study and Discussion 

 Beginning with Chapter 1, an introduction to the topic and a literature review  

highlighting the historical evolution of females in higher education is discussed.  To 

provide this historical perspective, eras are sectioned into pre-World War 1; pre-World 

War II through 1960s; and the 1970s and beyond.  As the literature review continues, 

Science, Technology, Engineering and Mathematics (STEM) statistics are presented, 

including information about under-representation of women in STEM majors and of the 

leaky pipeline.  The topic focuses on student engagement in higher education, defining 

cultural and social capital as influences on undergraduate students.  The paper narrows 

its’ focus with literature about female student involvement, specifically in engineering 

majors.  Mentors, student-faculty interactions, on-campus support staff, and student 

organizations are noted as beneficial resources for engineering majors.  Factors that 

detract from the female engineering experience are also highlighted: Gender bias, chilly 

classroom, and gender-based stereotypes.  A conceptual framework is discussed at the 

end of Chapter 2, which identifies the use of Astin’s (1985; 1993) Input-Environment-

Output model and Student Involvement Theory (Astin, 1999) providing a lens for 

examining the data obtained from this study.   

In Chapter 3, specific methodological techniques and procedures are presented.  

Beginning with a general introduction to the chapter, research methods and the design 

were discussed.  The description of the population and sample size were then iterated.  

Data collection instruments were presented along with data collection procedures and 
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data analysis procedures.  Chapter 3 concludes with a calendar of research activities and a 

rationale for including seven chapters in the dissertation.    

Throughout the first three chapters, the substantive shortcomings of previous 

studies are examined and critiqued.  While some studies discuss factors that help students 

of either gender engage in their higher education, other studies focus on the factors that 

influence students specifically in engineering majors.  Of the studies that discuss factors 

that impact female engineering students in particular, largely only negative influences are 

discussed.  While one study discusses alumnae reflections on engagement, it does not 

address how involvement impacts female connection to the major (Robinson & Reilly, 

1993), however another study, using the I-E-O model, does focus on female engineering 

student sense of belonging and connection to the major, this study was conducted with 

current undergraduate students who commute to campus (Smith & Trenor, 2010). Aside 

from existing literature that focuses on student engagement or involvement, many 

previous studies focus on deficits relating to why women are under-prepared or not 

prepared for majors in engineering, why women do not declare engineering majors and 

why women drop out of engineering majors.   

In the chapters that follow, the results of this study are discussed and different 

themes that emerged are described per the lens of two theoretical frameworks: I-E-O 

Model (Astin, 1985; 1993) and Student Involvement Theory (Astin, 1999). Before 

detailing the results of the study, vignettes describing the fifteen participants for this 

study are provided in Chapter 4.  Then, the results of this study are segregated into two 

chapters that describe participants’ reflections on pre-college; and, participants’ 
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reflections on college and career.  Separating the results allowed me to focus not only on 

pre-college, university and post-university life experiences, but also on how nuclear 

family of origin and extended family impacted alumnae throughout the lifespan. 

To review, Interview 1 focused more on rapport building and on a discussion of 

upbringing and experiences or exposure prior to majoring in engineering in college as 

well as a reflection on college experiences.  Interview 2 focused more on the career 

trajectory of alumnae and it also served as an opportunity for follow-up questions or 

feedback regarding topics covered in Interview 1.   
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CHAPTER 4:  PARTICIPANT PROFILES 

Introduction 

 Each participant, regardless of background, age, alma mater, or current work 

status, was forthcoming and open during both interviews and each participant was eager 

to share their experiences.  Understanding how difficult it can be to remember specific 

past experiences and to also reflect on those experiences, many times for the first time in 

this kind of a context, it is important to recognize how courageous each participant was, 

especially when answering interview questions related to gender bias or stereotyping or 

discrimination, in the classroom or in the work place.   

 What follows in Chapter 4 are vignettes, allowing for an introduction to the 

fifteen participants to the reader, and also to discuss how participants’ experiences relate 

to the three overarching research questions guiding this study (see below) as well as to 

the theoretical frameworks guiding this study; I-E-O (Astin, 1985; 1993) and Student 

Involvement Theory (Astin, 1999).  In the vignettes that follow, participants’ 

backgrounds are highlighted that reflect the three research questions, which includes 

information on their childhood math/science background, on the relationships they 

formed when they were college students, and on their involvement in co-curricular 

activities during college or as a professional.  Also relationships with family, impact of 

ethnicity or culture, and type of college attended are provided.  Additionally, if 

participants share similar or vastly different experiences, I highlight these points in the 

narrative below. 
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Research Questions Revisited 

1. How does early exposure to mathematics and science help build  
 
confidence in and/or interest in pursuing an engineering major in college, if at all? 

 
2. How, if at all, do female graduates of engineering programs describe the impact  

 
of the interactions had with faculty and peers while obtaining their degree? 

 
3. How does involvement as an undergraduate student or as a professional impact  

 
their connection to engineering, if at all? 
 

Overview of Participants 

 Fifteen graduates of U.S. engineering programs from all over the country 

participated in this study.  Although there is some overlap in alma mater or race/ethnicity 

or engineering disciplines majored in, all fifteen participants shared their unique 

experiences and perceptions with me, highlighting their journey and career trajectory for 

the purposes of this study.  Without recruiting specifically for it, after interviewing all 

participants, all participants that were involved in this study are the first female in their 

nuclear family of origin to become an engineer.   

 As mentioned in Chapter 3, participants were recruited for this study with the help 

of my networks, utilizing social media, such as Linked In.  Once participants indicated 

via email that they were interested in learning more about this study, I emailed or phoned 

the potential participant to discuss the study in more depth.  If potential participants 

remained interested in participating, the first interview was set up for either an in-person 

meeting at a location convenient to the participant or a phone interview option was 

offered, if the participant did not live in central Texas.  Prior to interview 1, participants 
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completed a demographic survey, asking them questions about their family, alma mater, 

major, current work status as well as their current age, race or ethnicity and current 

family status.  Table 1 provides the reader an abbreviated synthesis of part of the 

demographic survey.   

 Of the fifteen participants, regarding demographics, ten of the participants self-

identified as White/Anglo; three of the participants self-identified as Latina/Hispanic; one 

of the participants self-identified as Black/African American; and one of the participants 

self-identified as Asian.  Of the fifteen participants, many different alma maters are 

represented in this study.  As a reminder, Carnegie classifications are used to describe the 

kind of university the participants graduated from and to differentiate the categories even 

further and make it more readable in Table 1 (below), I determined it would be helpful to 

adapt and number the types categories, per Carnegie classification. For example:  

• 1st Category - Nine participants graduated from two different but similar 

universities: Research university, with very high research activity; Large size, 

with more than 50,000 students; 4-year or above; Public; More selective  

• 2nd Category - One participant graduated from: Research university, with high 

research activity; Large size, with more than 20,000 students; 4-year; Public; 

Inclusive  

• 3rd Category - One participant graduated from:  Research university, with very 

high research activity; Large size, with more than 11,000 students; 4-year; Private 

not-for-profit; More selective  
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• 4th Category - One participant graduated from: Research university, with high 

research activity; Medium size, with more than 5,000 students; 4-year; Public; 

More selective  

• 5th Category - One participant graduated from: Research university, with very 

high research activity; Large size, with more than 40,000 students; 4-year or 

above; Public; More selective  

• 6th Category - One participant graduated from: Research university, with very 

high research activity; Large size, with more than 27,000 students; 4-year or 

above; Public; More selective  

In terms of engineering major disciplines, two participants indicated that they 

graduated with an aerospace major. Two participants graduated with a chemical 

engineering major, however one chemical engineering alumnae double majored, 

majoring in both chemical and biomedical engineering.  One participant graduated with a 

degree from each of these disciplines: civil engineering, a general engineering, industrial 

engineering, a mechanical engineering, a metallurgic and materials engineering, and a 

petroleum engineering.  Lastly, four alumnae graduated with an electrical engineering 

degree.  (A general description illustrating the differences between the various 

engineering disciplines represented by the participants in this study is located for 

reference in Appendix F.)   

Participants were selected for this study without regard to age or graduation year, 

with the criteria only specifying that the participant must identify as female and as having 
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graduated with an undergraduate engineering degree from a U.S. institution.  In terms of 

the age breakdown of participants in this study, alumnae self-identified as:  

• Age 20-29: 7 participants  
 

• Age 30-39: 2 participants 
 

• Age 40-49: 6 participants 
 
In regards to when participants graduated from college with an engineering degree, all 

fifteen participants graduated between 1988 and 2012.   
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Table 2:  Participant Overview and Demographics 
 
Name  Ethnicity  Carnegie       Major  Yr .Graduated 
     Classification 
Amy  White/Anglo  1st Category  Aerospace       2012 
              
Bonnie  Latina/Hispanic 2nd Category              Electrical        1992 
                 
Courtney Black /    3rd Category   Chemical        2005 
  African American    & Biomedical 
Denise  White/Anglo  4th Category              Metallurgic      1996 
        & Materials 
Emma  White/Anglo  1st Category  Aerospace 1988 
 
Gabby  Latina/Hispanic 5th Category      Industrial  1999 
        & Systems 
Heather White/Anglo  1st Category  Mechanical 2011 
 
Ivi  White/Anglo  1st Category  Electrical 2008 
 
Joy  White/Anglo  1st Category  Petroleum 2011 
 
Karen  White/Anglo  1st Category  General  2007 
 
Leslie  White/Anglo  1st Category  Civil  1996 
 
Margaret Latina/Hispanic 5th Category   Electrical 1992 
 
Naomi  Asian   1st Category  Biomedical 2007 
 
Olive  White/Anglo  6th Category   Electrical 1995 
 
Paula  White/Anglo  1st Category  Chemical 1993 
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Participant Vignettes 

Amy 

 Amy is a White/Anglo participant from a middle-income two-parent household 

who majored in aerospace engineering.  She began high school in Virginia until her 

family moved to a town in central Texas during her 10th grade year.  In Virginia, Amy 

took rigorous courses and took Advanced Placement (AP) courses including AP courses 

in science and mathematics.  Upon moving to Texas, Amy’s new high school was not as 

accelerated in these subjects, so she took Calculus twice, in order to stay current in math.  

During senior year, she remembers expressing an interest in engineering after taking a 

Dual Credit class in graphic design at a local two-year technical college.  Amy was 

interested in Graphic Design as a potential major in college until she took the Dual Credit 

class. Although it seems unrelated, Amy enjoyed working with computers, technology 

and art.  She spoke to her lack of early exposure, having found out about engineering on 

her own, when she started doing research on college majors during senior year.  Amy 

remarked:  

Even though I was in these advanced courses (in high school), nobody ever talked  
about engineers or about what engineers did or like how many engineering majors 
there are.  It wasn’t until I actually started looking into colleges – that was when I 
first heard about engineering – and I thought ‘this is ridiculous’ and I was like 
‘how haven’t I known about engineering?’.  All of the engineering schools were 
so big and I was kind of overwhelmed by it because all of the schools I was 
looking at, they all had engineering schools, and they all had multiple choices.  
 
Amy’s parents, both college graduates in majors other than engineering, were 

supportive of Amy, both emotionally and financially throughout high school and college.  

Her parents expected that Amy would study and get good grades in high school and in 
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college. One of the ways Amy’s parents showed her support was when they took her on 

college campus visits around Texas to help her decide on which college to pick.  Amy 

credits her parents as being her biggest support throughout college.   

 The relationships Amy formed during college began many times because of the 

student organizations that she was involved in. She mentioned being a member of the 

Society of Women Engineers in addition to an organization targeting Aerospace 

engineering females specifically as impactful relationship building platforms.  Also, Amy 

credited her boyfriend, also an aerospace engineering major, as being especially 

supportive.  When she had to study, he had to study too, and many times they studied 

together.  Because her boyfriend understood the amount of effort it took to successfully 

complete the engineering curriculum and because they helped each other study and 

complete course work, Amy felt less like she was missing out on a fun social life. In 

addition to student organizations and peers (including her boyfriend) helping Amy to 

connect to her major and aid in feeling like engineering was a good fit for her, she also 

took advantage of doing a work co-op the summer before her senior year in college.  Like 

other participants in this study, Amy profoundly enjoyed her co-op experience and she 

said it was refreshing to be able to apply her engineering knowledge from coursework 

into an actual engineering job within her field.  After completing her co-op, Amy was 

offered a full-time engineering position upon graduation in 2012, of which she happily 

accepted and has been working at for almost one year.   
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Bonnie 

 Bonnie is a Latina/Hispanic electrical engineer that excelled in high school math 

classes.  She grew up in a lower-income household where neither parent were high school 

graduates.  She attended a public high school in a west Texas city, where she took as 

many mathematics courses as she could, through calculus 2.  Although only three years 

of math were required to graduate from her high school, she took extra mathematics 

classes.  She had always loved math and had an aptitude for it, and even won the 

distinction of being the best calculus student during her senior year of high school, so 

took extra math classes.  Bonnie credited her high school calculus teacher, a White/Anglo 

male Ph.D., as a positive influence on her who reinforced her interests and abilities in 

mathematics.   

Early in her high school career, Bonnie’s high school hosted a career day and a 

Latina engineer from NASA came to talk to students about her job and career path.  

Bonnie said she was so inspired that someone who looked like her could accomplish so 

much professionally in an engineering field and meeting this person made a lasting 

impression on her.  Bonnie said she again heard about engineering during her senior year 

of high school when her (female) high school counselor told her about electrical 

engineering (because of its rigor) and this person suggested that she “aim higher than the 

aspiration of becoming a math teacher”, which was Bonnie’s career goal throughout high 

school.   

In college, Bonnie continued to live at home with her parents and her parents 

supported her by giving her a quiet space to study and by encouraging her to study hard.  
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Bonnie said that she knew how important earning good grades was to her parents because 

obtaining a good education was the reason their family moved to the U.S.  Following two 

older brothers that dropped out of college, Bonnie vowed to please her parents and not 

disappoint them like her brothers had done.  She recalled how her parents were 

devastated when her brothers dropped out of college.  Showing further support, Bonnie 

said that her mother “considered it to be her job to study” and her mother would not let 

Bonnie do any household tasks that were stereotypical women’s work, like laundry, 

dishes, or otherwise, because she wanted her daughter to graduate from college and not 

follow in her footsteps and become a traditional Mexican housewife.  (Bonnie said she 

knew that her mother felt trapped in her marriage and felt stuck for many years, where 

her role was only to cook and clean and cater to the family men in the household.) 

During college, Bonnie worked very hard and was academically driven, 

ultimately meeting her goal of acceptance into an engineering honor society.  She also 

worked part-time for two years with a professor working on a project funded by the 

National Science Foundation.  She credited this experience and her interactions with the 

faculty member as motivation for her in pursuing graduate school later on.  Bonnie also 

mentioned friends and classmates and her boyfriend as being a support system in college 

prior to her graduation in 1992.  

In regards to career, Bonnie has been in the engineering industry for many years.  

She recently changed jobs and is one of the only females in an engineering role in her 

new company but feels comfortable and even appreciates being in an underrepresented 

population at work.   
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Courtney 

 Growing up in a large Pennsylvania suburb and attending a public high school, 

Courtney is a Black/African American female chemical and biomedical engineer who 

graduated from college in 2005.  She grew up with divorced parents and lived with her 

mother and older sister while in K-12.  She took AP courses in high school, beginning in 

the 9th grade with AP biology, followed by 10th grade AP chemistry, 11th grade AP 

physics, and 12th grade AP chemistry again (because she knew by junior year that she 

would pursue chemical engineering in college).   

Even before high school however, Courtney was exposed to STEM disciplines 

and she credited her mother in recognizing and nurturing her aptitude and interest in 

mathematics and science from early on.  Courtney’s mother enrolled her in an after-

school program from the time she was a middle schooler and this program offered hands-

on math and science activities for students.  Courtney felt that the director of the after-

school program, also a Black/African American female, was a role model to her.  

Courtney credited her older sister as being one of her role models.   Courtney’s sister 

went off to college years before Courtney did and subsequently pursued a graduate 

degree in a technical field.   

 In college, Courtney had many interactions with faculty and peers that influenced 

her as she pursued her double major in engineering.  In terms of faculty, unlike other 

participants in this study who mentioned a vast underrepresentation of female 

engineering faculty members, Courtney reflected on how there were several female 

engineering professors at her university and she felt comfortable approaching them with 
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questions.  In regards to peer interactions, she built relationships with peers in her 

residence hall when they studied together in groups.  Also, she found mentorship through 

her involvement with the Society of Women Engineers.   Additionally, she built a 

network through the American Institute of Chemical Engineers and the National Society 

of Black Engineers.  Aside from faculty, peers and engineering related organizations 

impacting her college experience, Courtney also remarked on her involvement in several 

co-curricular activities. About her level of involvement, she said:  

I was really involved in dance.  I was part of this dance group for all four years of  
undergrad.  I also dabbled in violin and fencing.  There were several things that I  
did.  I started taking violin lessons as a sophomore and for about two years.  And  
there was something like an adventure club, where we went skiing and white  
water rafting too.   

 
Despite how busy she was as an engineering student with academics, Courtney 

commented on how she was able to stay very involved.  She said “you know what? I 

didn’t really think of myself as being great at time management, but somehow I managed 

to do it.  Somehow I managed to get things done in spite of all the stuff I had going on.”  

 Courtney secured college internships at a pharmaceutical company and was 

offered a full-time position at this company, but chose to pursue graduate school instead.  

Now, with her doctoral degree in hand, she works in the engineering industry for a 

different company that was exposed to while in graduate school through networking.  She 

informally interviewed for her current company several years prior to graduation, because 

company representatives visited her campus.  Currently, she works for a gas company 

and appreciates how her degrees in both chemical and biomedical engineering are 

applicable to different kinds of careers in engineering.      
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Denise 

 Denise is a White/Anglo metallurgic and materials engineer who was born outside 

of the U.S.  Denise, her parents, and two siblings moved first to Minnesota and then to 

Colorado, because of her father’s job as an engineering professor.  As a young child, 

Denise witnessed her father be deliberate in his career planning; from growing up poor, 

working in the steel industry, to pursuing and obtaining a Ph.D. in engineering. Denise 

credited her parents as being a huge influence on her in pursuing engineering as a major 

in college but she credited her own perseverance and determination when talking about 

her success.  As an elementary and high school student, Denise showed an interest and a 

talent in drawing, but her parents stressed the importance of majoring in something that 

led to a career, specifically pushing her toward engineering.  Although only her father 

and a distant cousin were engineers, Denise had early exposure to engineering. 

In high school, she took advanced placement courses in calculus, physics and 

chemistry, excelling in these areas and also finding enjoyment in tackling the challenging 

curriculum.  She liked math and science because there could only be one correct answer 

to a problem.  She found it satisfying and fun to work hard “to get that right answer and 

to solve puzzles.”   

In college, Denise attended a larger public university at first and majored in 

architectural engineering, then switched to architecture, then to an economics and French 

double major.  Becoming distracted by the social scene her first university, her parents 

strongly encouraged Denise to transfer to a smaller college.  Her parents recommended 

that she transfer to the college where her father held an engineering faculty appointment 



  	  

	   95	  

and where he was also the head of an engineering department.  Denise’s parents told her 

to major in metallurgic and materials engineering at the smaller college.   

 Denise discussed how the interactions she had while pursuing her undergraduate 

degree in metallurgic and materials engineering impacted her success – through the 

friendships she made, the study groups she was involved in and by asking questions to 

faculty and graduate student teaching assistants.  About how helpful the teaching 

assistants were, she said:  “They had graduated not that long ago from the same program 

I was in so they were very much in touch with the subject matter that they were TA’ing 

for.” 

As a student in her father’s engineering department, she wanted to make him 

proud and to “not embarrass him” therefore she put a lot of effort into studying and 

working hard to get good grades.  Denise found camaraderie with peers in her major 

because they always worked together on class projects, then they had fun and partied 

together.  Although Denise did not involve herself in any student organizations or clubs, 

she connected to her major by interacting with peers.   

After graduating from college in 1996, Denise pursued graduate school and 

ultimately earned a doctoral degree.  She met her husband in graduate school and she 

continues to put priority on her family.  In terms of her career, she enjoys doing a diligent 

and detailed job.  She said she used to dedicate more time toward “playing the game” and 

in volunteering for “visible projects where she was seated at the front of the table instead 

of the chair around the outside” during meetings.  When she had her two children, family 

became more important to her than visibility or being a go-getter at her job.   
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Emma 

 Emma is a White/Anglo aerospace engineer who grew up with a supportive 

family and an aptitude in math and science.  A student at an all female single-gender high 

school in Houston, Emma took extra math and science courses, preparing her for a future 

career in engineering.  During her freshman year of high school, her math teacher 

recognized her ability and got her switched to an honors math section.  Once in the 

honors track, she took five years of math over her four-years in high school and she also 

took chemistry and biology.  During the timeframe that she was in high school, her high 

school did not offer physics but she and other interested girls were allowed to go to the 

all-boys school next door for that class.  Emma also reflected on how she was invited to 

participate as a high school senior in an engineering honors program on a college 

campus.   

In terms of choosing engineering as a path, Emma said she was destined to 

become an engineer, having an awareness that several of her family members, like her 

grandfather and older brother, were in that field.  Once in college, Emma took advantage 

of doing several co-ops throughout her college career and she credited these opportunities 

as being “the most influential piece that kept me motivated to graduate with an 

engineering degree.”  She enjoyed applying what she learned in her coursework to actual 

jobs and this application helped her stay engaged in classes.  She remarked:  

Of the student who went and did a co-op, what percentage of those stayed with  
and finished their major? I bet it’s pretty darn high, because you know, maybe 
you get to see all the stuff you’re learning in the work world and you also get to 
see that maybe it’s not as hard at work – definitely not as hard as school. That 
gives you a little light at the end of the tunnel.  



  	  

	   97	  

Sometimes a co-op can sway someone away from a career pathway unexpectedly.  

When Emma was employed at the Johnson Space Center in 1986, the Challenger shuttle 

accident occurred.  Discussing the accident and its’ impact on her, she said:  

The whole time I was co-op’ing, we didn’t go back to flight.  I think that really 
affected my job choice when I graduated. They offered me a job there, at Mission 
Control, but I didn’t take it. I went elsewhere. At the time I thought I just wanted 
something different but now I think – I wonder if I was becoming disenchanted 
with manned space flight because I had been there when that accident happened. 

 
Co-ops helped her stay motivated to graduate as an engineer in 1988, not only reminding 

her of why she was learning the concepts she was learning in the classroom but also 

because the co-op experience created lasting friendships with other engineering students.  

As novice engineers engaging in their first engineering jobs, Emma and her friends 

bonded at work.   

Emma also was involved in several student organizations, like a service fraternity 

and two engineering honor societies.  Emma reflected on how she was smart and capable 

and therefore did not need to interact with faculty during office hours.  Despite Emma not 

taking advantage of office hours, she said that she perceived faculty as being an 

encouraging resource.   

Currently employed in the engineering field, Emma left the industry to become a 

mother and she was out of the workforce for nice years.  She lost confidence as an 

engineer while at home and was concerned that she would not be able to return to the 

workforce.  However rewarding it was to stay at home with her children, Emma longed to 

return to work because “engineering is just a different world than being a stay-at-home 

mom”.   
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Gabby 

 Gabby is a Latina/Hispanic industrial and systems engineer who is originally from 

outside of the U.S.  For her first three years of high school, Gabby attended a private, 

Catholic school in South America.  Very suddenly, she and her family moved to the U.S. 

when they were granted political asylum.  Once they arrived in the U.S., Gabby enrolled 

in a public high school in New York.  Gabby remarks on how in South America, STEM 

preparation is encouraged and expected because this country takes pride in preparing 

young leaders for jobs in global fields.  Although many females become engineers in her 

home country, she mentioned how she noticed a glaring underrepresentation of female 

engineers in college engineering classes.   

Gabby talked in length during our interviews about the impact one of her U.S. 

high school teachers had on her, because this person helped Gabby learn English as well 

as help her with cultural immersion.  Gabby knew that she had a talent for and confidence 

in math and science and she also had a background in these subjects.  In addition to liking 

math and science and excelling in these subjects, she also realized that she appreciated 

them.  To that point, she said:   

When I got here (the U.S.), they did an assessment.  You know, math is math no 
matter in what language it is and it is the same thing for chemistry or physics, for 
that matter. So they did this assessment and they thought that I was good enough 
to go into twelfth grade.  Obviously I got a lot of ESL support but I got placed 
actually in all AP courses. 
 
Growing up, her family was “comfortable and had money.”  Upon moving to the 

U.S., her family lost all of their money and had to start over, which was a motivator for 

Gabby to later set up residency in Florida and to attend a public university that provided 
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an affordable education for international students.  During college, Gabby had to work 

part-time (in a job unrelated to engineering) and she had to attend classes part-time.  

Gabby was able to secure several co-op and internship opportunities during college 

related to her major, which she said gave her hands-on exposure to the engineering field.   

Upon graduation in 1999, Gabby said that she had 20 job offers from companies.  

She said the job market was good in 1999 but also she took advantage of campus 

resources, like the career center, to help her learn how to interview effectively.  She said: 

I did always make good use of the resources that were provided by the career  
resource center.  For me, I was very aware of my – not my limitations – but the  
things I was conscience of that I needed to improve on.  So, I always made it a  
point to sign up for the little workshops that they had available in terms of  
interviewing skills, putting together your resume, what kind of wardrobe you need  
to wear for an interview, and presenting yourself.  
 

In addition to utilizing the career center on campus, Gabby was also a member of several 

organizations, like WEP, Hispanic Engineering Society, and of an engineering honor 

society.  She made connections by going to tutoring and office hours to meet with faculty 

and TAs when she had questions.   

Because her family of origin had a comfortable income level and lifestyle then 

lost everything when they moved to the U.S., she mentioned how much she appreciates 

receiving a reliable paycheck from her engineering job - a job she enjoys doing.  Gabby 

mentioned how her family is a major priority and her goals shifted after getting married 

and having children.  
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Heather 

 Heather is a White/Anglo mechanical engineer who grew up into a family of 

engineers.  Her maternal grandfather and older brother were engineers and her family 

owned a civil engineering/construction company.  Heather knew that her family valued 

education and hard work. She also knew that going to college was an expectation for 

herself and her brother.   

Heather had early exposure to STEM because of family, but she also had direct 

exposure in the rigorous AP courses she took in high school.  Early on, during her 

freshman year in high school, she already knew that she liked math and science.  It was 

assumed that Heather would go to college and her mother was very nurturing, taking her 

to different college campuses to get a feel for what college would be like.  By 10th grade, 

her mother did some career testing with her, which asked her questions about her skills 

and her interests. Engineering was one field that emerged for her as a possible career 

path.  In high school, she remembered how interactive her senior year AP physics class 

was and how encouraging her teacher was.  Heather remembers her AP physics teacher 

encouraging her to pursue engineering in college.  About her teacher and the classes, she 

said: “I kind of already knew I wanted to be an engineer at that point, but that class 

definitely solidified it for me.”   

 Once at college, she found it was challenging to be as social as she wanted to be, 

while also being a hard working student, but she strove to find balance.  Heather was 

involved in a non-engineering pep squad type organization and struggled more than the 

other girls did in attending all of meetings because of her demanding major.  She said: 
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I was pretty driven, academically.  I’ve always been a good student. It’s not hard 
for me to sit in a library for eight hours to do work but finding the balance  
between that and having a social life? I am very social and I like to do happy  
hours and I like to have a friend network.  In college, most majors don’t require as  
much time and energy as engineering.  Even though I got involved, the other girls  
could go to all the events and they weren’t stressed out about school because they 
had enough time.  For me, I felt a bit uninvolved or I didn’t feel as part of the  
group, not because of my major but because of who I am and I didn’t have the  
time like they did.   
 
Aside from her involvement in this organization, Heather was additionally a 

member of an engineering honor society and also the American Society of Mechanical 

Engineers. Heather said that she was never interested in any organizations or clubs 

targeting females specifically and she gravitated more toward co-educational groups.   

In addition to organizations, Heather credits her single-gender freshman year on-

campus residence hall, which offered tutoring downstairs for engineering students, as a 

resource helping her connect with other engineering students.  What’s more, group study 

opportunities helped her build relationships and networks on campus.   

Aside from peers, she noticed a lack of female engineering professors on campus 

and of the female professors she knew about, she found them to be unhelpful and not 

collaborative.  Connecting and meeting with her faculty advisor, a male professor in her 

discipline, was integral in helping her feel connected to her major and in motivating her 

to pursue graduate school.   

A research internship off-campus was not enough to push her into industry upon 

graduation in 2011, despite how much she enjoyed the job.  Heather pursued a master’s 

degree and currently works as a graduate student in a research lab.   
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Ivi 

 Ivi is a White/Anglo electrical engineer who graduated in 2008.  She is one of five 

sisters who grew up in a Houston suburb.  Her father is a chemical engineer and she knew 

as a child what an engineer was.  Also, living just outside of Houston she had many 

neighbors and friends that were involved in the engineering field.  Armed with this 

cultural capital, Ivi took all AP classes and took extra sciences during high school 

through chemistry 2 and physics 2.  Liking math and science, having an aptitude for 

them, and also enjoying pushing herself academically, she knew she wanted to choose a 

major in college that would challenge her and she aimed for engineering.   

Throughout her childhood and when she was in college, Ivi felt supported by her 

family 100% emotionally and financially.  When she needed to study or if it was a busy 

week, she said her parents would try not to bother her.  Ivi said they also did not want her 

to work when she was studying to become an engineer because school was the priority 

and they preferred that she spend her time studying.   

Unlike most participants in this study, Ivi never lived on campus and she resided 

with her sisters’ off-campus in a condo that their parents bought for them.  Of her three 

sisters, Ivi was only engineering student.  Despite living off-campus and with non-

engineering students, Ivi was involved in several organizations - an engineering honor 

society, Society of Women Engineers, and Student Engineers Educating Kids.  She also 

worked in the engineering department in a part-time capacity and this position paid for 

some of her tuition, relieving her parents of some of this expense.   
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Ivi said she always knew she would graduate with an engineering degree and she 

says her involvement in organizations did not impact her persistence.  She said: “I like to 

push myself, I guess, just to see what I can accomplish or to feel that sense of pride and 

have the accomplishment of doing well in something that is supposed to be hard.”  

Despite this, she was involved in two organizations as an undergraduate student. She was 

a member of an electrical engineering honor society and also, she was part of an 

engineering organization that went to local elementary schools to do STEM related 

activities with kids.  About this organization, she said:  

Each week, we would go to an elementary school and it was after hours, so they  
had just gotten out of school and we would just do an activity with them.  We  
would have an activity planned each week and just do something that would help  
them learn.  It was science-related, like we would have them build some sort of  
thing to hold an egg. 
 

Aside from Ivi’s involvement in campus organizations, she also mentioned how helpful 

her boyfriend – a chemical engineering student, who is now her husband – and her 

friends were while she was an undergraduate student.  Ivi also mentioned that being a 

White/Anglo female in an engineering major that was largely male and non-White helped 

her, in a way. Because of her minority status, more in terms of her gender than ethnicity, 

she said it was easier for professors to remember her name.   

As a engineer who recently resigned to raise her daughter, Ivi credited the two co-

ops she did at an electrical engineering company as beneficial.  She said the two co-op 

opportunities allowed her to apply concepts she learned in class to an actual job.  The 

company she was working for offered her a full-time position upon her graduation in 

2008.  She worked at that company for five years prior to resigning. 
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Joy 

 Joy is a White/Anglo petroleum engineer that grew up with her parents and one 

sibling, in a suburb of Houston.  Surrounded by the engineering industry growing up, she 

said: “Since I lived somewhere where engineering was a bit part of the industry, it peaked 

my interest and I might not have known about it otherwise”.  In addition to early 

exposure because of where she grew up, Joy’s father graduated from college with a 

petroleum engineering degree, although he never practiced as an engineer, aiming his 

career toward business instead.   

In high school, Joy took AP classes and knew she liked math and science. She 

took geometry, algebra 2, pre-calculus and calculus.  For science, she enrolled in biology, 

chemistry and physics.  Because of her interest and her ability in math and science, Joy’s 

family showed her support by taking her to visit several college campuses that had strong 

engineering programs.  She mentioned “nobody in my family pushed me towards 

engineering, but he (my dad) helped me go visit schools and he helped me realize what I 

wanted to do because he had exposure to engineering too.”  Building on existing capital, 

Joy also had the opportunity to work in a pre-college internship at a gas company.  She 

said she enjoyed the work and because she did this internship, it helped confirm for her 

that she should pursue petroleum engineering for her college major.   

Once in college, Joy said she made friends and was very social, even if balancing 

academics and social life sometimes was hard.  In addition to peer relationships, she 

mentioned how faculty offered her help in office hours if she had a question.  She 

mentioned one professor in particular that she said she knew cared about her success in 
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the major.  In addition to peers and faculty, Joy also stressed how her relationship with 

her academic advisor was extremely helpful. She said her advisor helped her graduate in 

only 4 years despite her working at three different internships during college.  She also 

said that her advisor helped Joy map out required coursework, helping her get courses she 

needed and telling her which online non-engineering courses to take each summer that 

would count toward her degree plan.   

Aside from peers, faculty and her academic advisor helping her to connect to the 

college, Joy was also involved in several organizations as a student.  Joy was involved in 

the Society for Professional Engineers (SPE), the American Association of Drilling 

Engineers (AADE), and in an engineering honor society, prior to graduating in 2011.  

She also mentioned how helped SPE was in getting company recruiters to attend campus 

events, which allowed students the chance to practice interview techniques while 

becoming more comfortable in the presence of employers.  She said companies came to 

campus to visit with SPE members and “they sponsored meetings, dinners, football 

tailgates and all kinds of events that are not as formal as an interview.”  

Joy said she was always quite comfortable being the only female in a classroom. 

This comfort level translates into her being comfortable in the male dominated petroleum 

engineering field, which most days takes her out in the field to work with only men.  

When she is in the office, she notices that most of the females that work for her company 

work in administrative roles like accounting or geology, rather than in engineering roles.   
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Karen 

 Karen is a White/Anglo female who majored in general engineering, which 

focused on structures.  She grew up in a household with parents who college graduates, 

although they are not engineers.  Karen’s grandfather worked as an oil technician and 

because of that exposure, Karen said she felt encouraged to pursue the STEM field for a 

career.  She cited both her father and grandfather with motivating her to become an 

engineer.  She said she knew her family supported her throughout her high school career.  

Her parents took Karen to sixteen different college campuses for visits and she said this 

helped expose her to what college life was like and helped her choose where to go to 

college. 

In 4th grade, she was enrolled in an accelerated math program and she says that 

early exposure to math made high school math courses easy.  In high school, she did not 

take all AP courses and took honors level courses instead.  She opted to take non-AP 

robotics during her senior year, even though it was not a required course, because she 

said it sounded interesting. Also, her robotics teacher was a teacher she knew already and 

she wanted to take his class.  About taking non-AP classes, she said: 

I chose that class (robotics) over an AP science because I thought it sounded way  
more fun, playing with robots.  For math, I didn’t do the AP there either.  I chose  
the linear algebra class because it sounded more interesting.  The science one  
wasn’t honors. The math one was. 
 

 In college, Karen remembers how helpful professors and TAs were when she was 

trying to grasp the content, but less so in terms of mentorship.  Aside from having her 

best female friend from high school on campus also majoring in engineering, she said 
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that she had a hard time relating to other engineering students because she says they were 

so competitive.  About that, she said: 

My best girlfriend, she’s an engineer too and I survived college because of her.   
We worked on everything together.  We studied together.  We did projects 
Together.  She totally supported me through the horrible experiences.  It was a  
Great experience but engineering college is brutal, compared to a lot of other  
classes.  It was difficult.  Then, a lot of girls, I had a hard time relating – I didn’t  
really find any other allies or good friends.  There’s too much to do for it to be so  
competitive.  It was just trying to survive the pack. 
  

She continued by saying that engineering student work was always graded on a curve at 

her college and she said that many times she got the highest grade in the class.  She 

connected to the coursework because she liked how hard the classes were and she 

enjoyed learning new concepts, content and in acquiring a deeper understanding how 

things work.  However, she did not enjoy her major but by the time she realized what 

kind of engineering major she would have preferred, she said it was smarter to just finish 

her degree.   

 Connecting with peers through student organizations also enriched her 

undergraduate experience.  She was involved in the Women in Engineering organization 

and it “encouraged involvement and helped me find a support system.” Although, she 

says that involvement did not have much to do with her persistence in the major.  She 

knew that she would finish her degree at that point and did finish it in 2007.   

In regards to involving herself in the engineering industry prior to graduating 

from college, she obtained a recurring summer internship at an engineering company 

related to her field and she said that she enjoyed that experience.  After graduating, she 

began working full-time at that company and she continues to work there.   
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Leslie 

Leslie is a White/Anglo civil engineer that moved to the U.S. when she was eight 

years old with her three sisters and their parents.  Leslie had exposure to engineering 

early on in life.  She said that she knew about engineering licensing requirements as a 

young child, which most children do not know about.  Her father is an engineer and she 

said that he wanted all of his children to become engineers too.  (However, of her three 

sisters she is the only engineer.)  About her father, she said: 

 He (dad) wanted all his kids to be engineers.  That was just kind of his thing.   
He’s very practical.  So, he wanted us all to have careers.  And my real passion  
is literature, but I never wanted a job in that because jobs tend to ruin what you  
like.  I liked the structure that came with being an engineer and with a push from  
home, it was real easy to get on the engineering track. 
 

Leslie also mentioned how cultural influences imparted by her parents helped inform her 

of the benefits and importance of obtaining a degree that led to a career or job and of why 

“engineering was a solid choice.”   

Leslie showed aptitude in math as a child and enrolled in algebra as a middle 

school student.  She said students in her school district typically began taking algebra as 

sophomores in high school.  In high school, she attended a large public institution outside 

of Houston.  Leslie took all AP courses, including geometry, algebra 2, trigonometry, 

calculus.  She also took extra science courses, completing two years of physics and two 

years of biology in addition to one year of chemistry.  She said she enjoyed the challenge 

of math and science curriculum in high school and in college.   

 In college, she cited “pure stubbornness” as being a factor in helping her to persist 

in the engineering major.  Unlike most participants in this study, she said that she did not 
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interact with many professors or peers during her undergraduate degree pursuit.  She did 

not involve herself in study groups, learning most of the challenging material on her own, 

which she regrets in hindsight.   

Leslie married her high school boyfriend, a non-engineering major, while she was 

in college and said “we domesticated quickly.”  Leslie and her husband lived off-campus 

and spent a lot of time together.  Leslie credited him as being a huge support in her life 

and for providing security.  Leslie said she mostly just went to campus to attend classes 

or to work part-time as a tutor for liberal arts subjects.  During our interviews, she 

detailed how the Women in Engineering program annoyed her. She was never involved 

with this group because she could not understand why women would segregate 

themselves if they just wanted to integrate.  She passionately connected with being an 

engineer, not as a female engineer.   

 As an undergraduate student, she also worked part-time at a local civil 

engineering firm and she said this experience nurtured her connection to engineering.  

She said that she was not sure that she wanted a career in engineering despite majoring it 

in, but this job gave her real world experience in the field.  She “learned about 

engineering just by being around engineers” and this job also provided her with an 

income that helped her pay her own way through college.  Since graduating in 1996 with 

a civil engineering degree, Leslie has worked in her field without interruption.   

 

 

 



  	  

	   110	  

Margaret 

 Margaret is a Latina/Hispanic electrical engineer that took honors level classes in 

middle school and throughout high school.  Margaret reflected on how the math classes 

she took seemed more advanced than the science classes that were available to her.  She 

said how her high school, a public school in a rural area in the Southwest, was not a very 

good school.  She does not remember when she first heard about engineering but a 

relative that she only interacted with one time per year each Christmas was an electrical 

engineer – perhaps alerting her of the field.   

 When she began college, Margaret was an architecture major but changed her 

major.  She said other architecture students were more talented than she was so she 

pursued engineering.  She remembered choosing engineering because she liked 

challenging herself and feels like she is “a bit of a rebel in many ways and I knew it was 

dominated by males but I felt that I could prove other people wrong and do engineering.” 

She continued: “When I thought about engineering and what my role as a female was, I 

felt that it was something that I could conquer or achieve, even though the odds were 

apparently against me.”   

 In college, Margaret said she experienced sexism by several male engineering 

peers and by one male engineering professor in particular.  With one male peer, he 

questioned why she was in an engineering classroom, figuring she was not in the correct 

location, which offended her.  Other discriminatory experiences with male peers occurred 

repeatedly as well, specifically when she was studying with them in study groups, 

preparing for quizzes.  She recalled that when she came up with a different answer for a 
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problem, the group assumed her answer was not the correct answer.  With one professor, 

she said he accused her of coming to his office hours to try to get her grade changed, 

saying that he expected her to cry like every other girl did.   

Margaret also experienced racism.  As a Latina, she remembers a non-Hispanic 

female friend telling her that she wished she too were also Latina, and that maybe she 

should change her last name to something more Hispanic sounding, so she could get a 

scholarship.  Additionally, she remembers being in the Institute of Electrical and 

Electronics Engineers (IEEE) office and hearing students discuss how the job market may 

be bad but Hispanics should have no problem finding work.  In addition to the 

discrimination she experienced, Margaret disclosed that she was harassed during college, 

saying she had a stalker.   

Thankfully, Margaret had some positive interactions with a group of female 

friends that she made in her engineering major.  She felt the four to six women she 

interacted with were like a support group.  In terms of other support networks on campus, 

she is sure they may have existed but she did not seek them out.  In terms of involvement 

in organizations, she cited her involvement with IEEE and also an internship with an 

engineering company.  She did not feel that her involvement with IEEE impacted her 

connection to engineering because she did not value the networking opportunities the 

organization provided, because it involved networking with mostly males.   

After graduating in 1992, Margaret entered the engineering field.  Recently laid 

off, she mentioned how her former workplace felt isolating.  Earlier in her career like in 

college, she experienced harassment again.   
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Naomi 

 Naomi is a biomedical engineer originally from a country outside of the U.S.  

Naomi is an Asian female who had early exposure to engineering because of her father 

and because of her older brother, who are also engineers.  She credited her family of 

origin as valuing education and in valuing engineering as a career.  She remarked how 

many Asian cultures pressure their children into becoming engineers.  Given that 

Naomi’s family moved to the Houston area when she was young and because many 

engineers live in or around Houston, she felt that her environment provided her with 

engineering exposure.  Also, Naomi mentioned a female neighbor that was a chemical 

engineer as being a role model for her.   

Naomi took AP classes in high school in math and science classes.  When she was 

a junior in high school, she recalled becoming interested in pursuing and engineering 

major in college because of her AP chemistry teacher’s influence.  She also remembered 

always having loved math and “from the little information I knew, engineers got to use 

math”, so engineering became attractive to her.  Also, she remembered going to work 

with her father on a take your kid to work day when she was in high school, although she 

was not interested in the type of engineering that he did for work.   

 In college, she pursued a biomedical engineering degree and she also took a great 

amount of electrical engineering courses as well.  She did not have friends in the 

biomedical engineering department because she said she found these students to be ultra-

competitive.  She said “80 to 85 percent of them were pre-med students” and she was not 

aiming for a medical degree.   



  	  

	   113	  

Outside of peer interactions, Naomi experienced bias from a male faculty 

member.  Without going into detail, she said:  

There was an interaction with a professor that I had that I know would have been 
different had I been male. It did make me feel highly uncomfortable and I am 
more than 100% sure that this interaction would have been different had I been 
male.  
 

In regards to staff, Naomi stressed how influential and supportive her interactions with 

the Women in Engineering program staff member was.  She noted how this staff person 

was the person she sought out when she had any issues.  She said she always felt heard 

and validated by this staff member.  She said she related to her even more so than her 

parents, because the Women in Engineering program staff member could relate to her 

differently. 

Interactions with peers outside of biomedical engineering and her involvement 

with student organizations had a positive impact on her career trajectory.  She was a 

member of Women in Engineering and Society of Women Engineers.  Through Women 

in Engineering and through Society of Women Engineers, she participated in outreach, 

visiting middle schools and helping out with a STEM camp for kids.  She also did an 

internship during college prior to graduating in 2007 where she helped out middle school 

students at a STEM camp.  These experiences help inform her current role in engineering, 

where she does not work directly in the engineering industry.   
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Olive 

 Olive is a White/Anglo electrical engineer.   As a child, she and her three younger 

siblings helped her parents run a farm.  Olive knew from an early age how income could 

fluctuate and the impact of hard work and effort on lifestyle.  In school, she took rigorous 

courses, but not AP level.  In math, she took through calculus 2, doubling up on math 

courses one year in high school.  She also took four years of science.  She said that she 

always knew that she would go to college, because if she did not, she would have to work 

on her parents’ farm doing hard labor.  Olive’s high school guidance counselor 

recommended that she pursue engineering during her junior year.  She described how she 

felt it was her duty to do well in college and how failure was not an option.  She knew it 

was important to make money in a career after she graduated college.   

Olive’s parents were not college graduates but they were very supportive of her 

educational pursuits.  Despite tight finance, Olive’s parents made her to live on the 

college campus so she could be close to peers and resources and to help her focus 

studying rather than on farm work.  Her parents also took her on college campus visits to 

help her figure out where she best fit.  Once she was in college, her mother stopped by 

her residence hall to see Olive twice a month.    

In college, she remembered being one of two women in classes with 60 people in 

them.  She reflected on how she was not very involved with student organizations and 

what’s more, she was never interested in the Women in Engineering program because she 

“did not like being targeted for certain groups like these” (female-only groups).  She 

mentioned how she was more comfortable around males or around “less emotional 
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people who are less clique-y.” She did find support on campus by going to the library to 

study, by living on-campus in a residence hall (because it was convenient) and by 

utilizing the campus police to walk her back to her dorm at night from the library.  The 

interactions she had with faculty had an impact on her as well, citing office hours as a 

place she went to when she had questions about course content.  She also mentioned 

participating in study groups as providing beneficial interactions.   

 During college, she worked in a work-study position for four years and through 

that position, part of her tuition was paid for and she also was afforded the opportunity to 

live on-campus during the summer, working as a Residence Assistant and also as a 

mentor, hosting a co-ed group of high school students interested in math and science.  

What really helped her stay focused and feel connected to the engineering field was when 

she did a co-op between sophomore and junior year at an engineering company.  When 

classes were hard and she lost focus, she remarked on the impact of her co-op experience 

renewing her focus in engineering prior to graduation in 1995.  She said: “I decided to do 

a co-op and that was the best thing for me.  That totally changed my thinking about 

engineering in a positive manner because I realized ‘here’s what I’m going to be doing 

and here’s how I’m going to be applying it’ and it made sense.”  Now, as a professional 

engineer, she is proud of her accomplishments in her career – having climbed the ladder 

to a leadership position in her company.  She is also proud of how she paid her parents 

back for college, so her younger siblings could go to college too.   
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Paula 

 Paula is a White/Anglo chemical engineer who attended a small rural public high 

school in the Midwest.   She took rigorous coursework, however AP classes were not 

available at her school.  She took four-years of math through pre-calculus, had one year 

of chemistry, one year of physics, and two years of biology.  Paula recalled how her 

mother encouraged her to explore a variety of disciplines and interests, enrolling her in a 

variety of summer camps when she was in high school, like engineering camp, 

photography camp and Spanish camp.  Despite the early exposure to engineering because 

of engineering camp, she found herself more interested in biomedical or chemical, which 

this camp did not focus on.   

Paula’s parents encouraged her to branch out and possibly attend an out-of-state 

college.  They took her on college campus visits and left it up to here on which college to 

pick and what to major in.  Always aware that she had an aptitude for math and science, 

Paula applied to colleges intending to pursue engineering.  When she visited her out-of-

state alma mater, she says the engineering staff “pointed me to mechanical or chemical 

and they said that chemical was trying increase their enrollment, so that would be the 

easiest major as an out-of-state student to get into.”  Pursuing chemical engineering as a 

freshman, she enjoyed it and learned more about this discipline as a chemical engineering 

student.   

 The interactions Paula had with faculty and staff through the organizations she 

was involved in, such as Society of Women Engineers, helped her connect to the 

engineering college and to her major.  Also, her department was comprised of 40% 
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women, making her less underrepresented as compared to other engineering majors.  She 

also said her department was small.  Every year, the students were invited to the Dean’s 

house, helping to foster a comfort level and rapport between students and faculty.   

Paula said she was also very involved as a college student and interacted a lot 

with peers prior to graduation in 1993.  She indicated that involvement helped her persist 

in her major because “they (co-curricular activities) give you that break and I think it 

gave me connections to be able to see what else what out there and then the support 

network – you know, to complain with and commiserate with.”  Co-curricular activities 

within the engineering school included Society of Women Engineers, of which she held a 

leadership position, and the Women in Engineering program.  Outside of engineering, she 

played intramural volleyball and basketball.   

Aside from co-curricular activities, Paula credited the support she received in her  

residence hall through peer interactions as beneficial.  She lived on the engineering floor 

of a residence hall and appreciated studying with peers for tests they all had to study for.  

Paula also took advantage of several engineering co-op opportunities as an undergraduate 

student.  She said co-ops kept her moving forward in her degree.  

 Currently working with future engineers outside of industry, Paula finds it 

rewarding to impact undergraduate students’ lives.  She is passionate about helping 

young women see the benefits of an engineering degree, because “the beauty of an 

engineering degree is it lets you do anything you want to do and that foundation of 

engineering allows you to have thousands of options.”   
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Conclusion 

 Although the fifteen participants highlighted in this study have diverse 

backgrounds and each shared their unique perspectives regarding their experiences in 

middle and high school, while in college, and after graduating from college, many 

overlaps exist in their narratives.  Alumnae provided a glimpse into their personal and 

professional lives while describing how their experiences shaped them overall and 

specifically, in regards to how early exposure to STEM disciplines in their youth 

impacted their career trajectory, in addition to how relationships or interactions mattered 

in college, and also how student involvement helped to illuminate a connection from their 

major to their future job in engineering, while also bridging their transition to the 

university with the support of other engineering students in engineering or non-

engineering based student organizations.  Tying in Astin’s (1985; 1993) I-E-O Model, 

each participant discusses their inputs, or lack thereof, while also reflecting on their 

college culture, experiences or environment, and they also give insight into how these 

inputs and environments impact the output, describing how their experiences shaped their 

career trajectory.  Additionally, participants spoke in length about co-curricular activities, 

including research opportunities and co-op placements, that they had involvement with 

during their undergraduate years – reflecting Astin’s (1999) Student Involvement Theory.  

 In the chapter that follows, participants reflect on pre-college experiences and 

influences.  Chapter 5 provides specific examples, emphasized by participant quotations, 

about ways they were exposed to STEM disciplines in their youth and role models they 

identified with while growing up. 
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CHAPTER 5:  REFLECTIONS ON PRE-COLLEGE 

Introduction:  Early Exposure   

 Several participants cited early exposure as having an impact on their interest in 

and comfort level in STEM disciplines.  Research suggests that early exposure impacts 

future interest and competency in engineering for young women (see, for example, 

Demetry, Hubelbank, Nicholson, Rosenthal, Sontgerath, & Quinn, 2009; Smith, 1986).  

One way in which girls and young women are exposed to STEM before entering college 

is in the classroom.    

 In the following theme, several of the fifteen participants of this study highlight 

how their high school teacher or counselor exposed them to engineering as a career path 

and/or reinforced their confidence level in choosing engineering as a college major.  

Also, middle and high school exposure outside of the classroom is also highlighted in this 

chapter, in addition to early exposure to college in general through college campus visits.   

High School Teacher or Counselor Impact 

 Four participants in this study - Heather, Emma, Gabby and Naomi - credited high 

school teachers as being a positive influence in exposing them to the engineering field, 

while two other participants -Olive and Bonnie - cited the help of high school guidance 

counselors in exposing them to engineering and in encouraging them to pursue 

engineering after they graduate from high school.  Gabby also credited her high school 

guidance counselor as being an influence.  (No participants mentioned how middle 

school or junior high school teachers or counselors impacted their interest in or 

confidence in STEM).  Margaret discussed how her high school guidance counselor 



  	  

	   120	  

negatively influenced her interest in applying to a certain college, regardless of her intent 

to pursue a major in engineering.  Amy disclosed a lack of exposure and a lack of teacher 

or counselor influence, despite being enrolled in advance math and science courses in 

high school.   

 A high school teacher influenced Heather because of his quality teaching and also 

because of the discussions they had around her becoming an engineer, due to her aptitude 

and interest in STEM.  Heather attended a large high school and it could have been easy 

to hide in the crowd – she appreciated the interactions she had with this teacher in 

particular and how he reached out to her, offering her encouragement.  Heather said:  

I went to a very big high school.  I graduated with almost 900 other students.  It 
was a big school but had a lot of AP options.  I had good math instruction.  My 
best teacher though was my AP Physics teacher.  He set up the class in a really 
fun, interactive way.  We did a lot of labs and the teaching style was pretty 
interactive with class discussions.  I kind of already knew I wanted to be an 
engineering by that point, but that class definitely solidified it.  My teacher 
definitely encouraged me.  He talked to me about NASA and about Aerospace 
stuff.  He definitely encouraged me and I started out in Aerospace but switched to 
Mechanical in college.  
 

It is possible that without the positive interactions Heather had with her AP physics 

teacher that she would have pursued engineering as a major in college, but the 

interactions they had and the encouragement her teacher gave to her reinforced how 

engineering was an appropriate pursuit.  Similarly, Emma shared how two of her high 

school teachers made a positive impact on her career trajectory.  As a high school 

freshman enrolled in Algebra, Emma’s math teacher recognized her aptitude in math and 

got her switched into a more rigorous section, an Honors class.  Emma said the upgrade 

into honors level math class “set my course from then on and it really did direct my 
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career towards engineering.”  She continued by discussing how her high school trajectory 

changed because of the honors track and also how her senior year math teacher helped 

expose her to engineering:  

 The honors math people had to take five years of math in four years.  So  
sophomore year, we took two courses in math.  When I was taking calc as a  
senior, the teacher mentioned that engineering would be a good option if we liked  
math. I hadn’t even thought of that before, even though I had this math  
background.  I hadn’t even considered it. 
 

Emma also credited her high school as a whole, mentioning how although the science 

curriculum when she was a student there was lacking, the high school staff encouraged 

interested students to take science classes at the school next door: 

I really give my high school a lot of credit.  The science at that time was  
pretty poor so when I wanted to take Physics, I had to go next door to the all boys  
high school to do it.  There was no Physics at my school. 
 

In addition to Heather and Emma, Gabby also mentioned how one of her high school  

teachers, her English as a Second Language teacher (ESL), helped her learn English and 

also helped her get placed into advanced math and science courses upon her arrival to the 

U.S.  Understanding that Gabby had an aptitude for math and science and that math and 

science are universal languages, Gabby’s ESL teacher impacted Gabby’s career trajectory 

and helped her build confidence during senior years.  Gabby shared: 

We moved to the U.S. the last year of my high school experience and we moved  
extremely suddenly.  My country was going through a big turmoil, so our move  
was sudden.  We – my brother, I, my dad, my mother – we didn’t even speak  
English when we got to this country.  So that last year of high school was  
extremely interesting.  I was brought up in a private Catholic school and our  
academics were extremely advance, so I already had chemistry, biology, physics, 
but obviously I was lacking in the knowledge of the English language.  Math is  
math no matter what language it is in and they did an assessment and thought I  
was good enough to go into 12th grade.   
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Gabby continued to reflect on her background and on how her ESL teacher helped her  
 
assimilate to her new environment.  She continued: 

 
I did a lot of ESL and got placed in all AP courses.  It really helped having 
support from teachers and the ESL lady.  She spent hours after school with us just 
trying to get us to understand and assimilate. It still took the whole entire school 
year before I could even kind of understand what people were saying and to do 
cross over thinking.   
 

Lastly, Naomi shared how during junior year of high school, her chemistry teacher 

helped re-introduce her to engineering and with his guidance, her teacher sparked an 

interest for her in the field.  Naomi said: 

I became interested in engineering, I would say, junior year in high school.  My 
 chemistry teacher - his background is actually in engineering.  I kind of knew a  

little bit about what engineers do because I went to a take your kid to work day  
with my dad when he was working at an oil company.  We went to a refinery and 
they gave the kids a tour.  I knew what my dad did and it really wasn’t that 
exciting, but my high school chemistry teacher made engineering sound a lot 
more fun and exciting than the tour of the refinery did.  

 
Aside from high school teachers, participants also mentioned high school counselors’ 

impact on early exposure to the engineering field.   

 Olive, an electrical engineer, said that she became interested in engineering 

during her senior year of high school.  She has always loved math and always excelled at 

it.  She liked it because “it is logical and it is easy to me and I am good at it.”  Olive said 

her guidance counselor encouraged her to participate in a 6-week residential math and 

science enrichment program at a local private high school between her junior and senior 

year of high school because he recognized her potential in engineering.  During senior 

year, Olive talked with her guidance counselor and he asked her what she thought about 

the engineering field.  Olive said: 
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The guidance counselor – he said it (engineering) is good for women and he said 
he thought I could make a lot of money, so I said great.  I was the first in my 
family to go to college on either side of my family.  I was in the middle of four 
children, so for me, it was a big deal to do well in college.  My family are dairy 
farmers so we didn’t ever have a lot of money and I wanted to make sure I did 
well and made money.  That’s why I went towards engineering.  It was good for 
women, for math, and would provide me with a lot of flexibility.  My guidance 
counselor gave me those few tidbits and I went for it.   
 

Similar to Olive’s experience, Bonnie’s high school counselor helped influence her and 

expose her to the engineering field.  Bonnie said that she planned on pursuing a degree in 

Education, with the intent of becoming a high school math teacher.  She loved math and 

excelled in it.  She was awarded best calculus student out of her entire senior year class.  

She said: 

Being a math teacher was my aspiration but it was my high school counselor 
during my senior year who I talked to and I told her what my plans were and I 
remember her telling me that with my science and math background, I could do 
better.  I just remember her telling me that and at the time, it didn’t register.  I just 
thought “oh, I hadn’t really considered doing better”.  I think to her that meant a 
higher salary potential, more than a teacher’s salary, but what appealed to me was 
that I could do not only math but I could also do science, like Physics.  It was not 
salary that appealed to me but the more I learned about engineering, it was 
“woah”, so I can do math and science and get a good salary? I thought, well, I 
should just do that.  So, I had no idea of what engineering was all about and she 
said I should do Electrical engineering specifically because it was the most 
academically rigorous and it encompassed everything that I liked!  I did a little bit 
of research but really just kind of took her word for it.  It was really more that she 
told me to do it and it did it. 
 

Gabby also credited her high school counselor as reinforcing how engineering was an 

option for her.  Despite coming from a high school in South America that focused on 

math and science content, Gabby’s felt “extremely lucky” that she had the high school 

counselor in the U.S. that she had.  Her counselor administered a battery of career and 
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aptitude tests when she arrived on campus.  She says the counselor and tests helped her 

get placed into appropriate classes and reinforce her strength in math and science.     

 High school teachers and counselors are in a position of power to also negatively 

influence students, as Margaret mentioned.  Margaret excelled in math and science 

courses and as the first in her family to attend college, she needed help with her college 

applications.  She turned to her guidance counselor for that help and her counselor told 

her incorrect information.  In a memory that Margaret shared with me where the pain or 

potential betrayal was still raw, Margaret said: 

I had actually applied to Stanford University, because I really, really wanted to go 
to Stanford.  I know that one of my peers from the same school that I went to – 
male who had lower grades than I did – he got accepted into Stanford.  He may 
have had other extracurricular activities that may have made him look more well-
rounded but he also might have had an SAT score, which I did not have, because I 
specifically recall my high school counselor telling me “you do not need to take 
the SAT to go to Stanford.”  And I know now that I did need that score, but I was 
coming from a family that was uneducated.  I didn’t know these things then and I 
took my counselor’s word for it.  To this day, I think about it.   
 

Margaret continued disclosing how her high school counselor misinformed her and  
 
shared her embarrassment for submitting an incomplete admissions application to her  
 
dream college.  Margaret continued:  
 

They (Stanford admissions) probably laughed at my application.  Stanford was 
my dream.  I don’t know why she told me I didn’t need to take an SAT.  Because, 
you know, I think it was junior year and we were trying to take the tests that we 
had to take and she told me specifically “you don’t need to take that.”  I thought 
“oh, good.”  That was kind of ignorant on my part.  I should have maybe said “no, 
I’ll just take it to take it, just to have it.”  But I didn’t and I remember Joseph – he 
got into Stanford and had lower grades than I do and we’re both from the same 
sorry-ass school.  To this day, I look back at that and think “was she intentionally 
telling me not to go?”  She was everybody’s guidance counselor and she was his 
counselor too. 
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Although her experience differed greatly from Margaret’s experience, Amy remembered 

a distinct lack of exposure to engineering as an option, despite her ability in math and 

science courses.  Amy said: 

I honestly never heard people talking about engineering.  Even when I was in high 
school advanced courses, like they never talked about engineers or about what 
engineers did or like how many majors for engineering there were.  And it wasn’t 
until I actually started looking into college on my own – that was when I first 
heard about engineering.  I thought ‘this is just ridiculous!’ because of all of the 
engineering schools and how they were all so big and I was kind of overwhelmed 
by it.  All of the schools I was looking at, they all had engineering schools, and 
they all had multiple engineering choices you could pick.  And I was like ‘how 
have I not known about this engineering thing for like forever?”   

 
Early exposure to STEM in classroom settings can impact the trajectory of 

students’ future career pursuits.  High school teachers and guidance counselors are in a 

unique position to influence students’.  Participants were highlighted in this section that 

discussed how teachers and counselors impacted them by helping to link how math and 

science coursework can lead to a career in engineering.  Also, teachers and counselors 

helped nurture an interest in STEM by paying attention to students’ individual strengths 

and by engaging participants in conversations about their future goals.  With the example 

of Bonnie, her counselor was bold and directly told her to specifically pursue electrical 

engineering in college instead of becoming a math teacher.  However, that same power 

that high school teachers and counselors have in influencing students can also have 

detrimental effects, as in the example of Margaret’s denial into her dream college because 

of misinformation given to her by her counselor. 

In addition to early exposure in the classroom or in an educational setting, four 

participants also were exposed to engineering through summer camps, after-school 
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programs or pre-college internships.  Summer camps discussed in the next theme ranged 

in discipline and were not strictly STEM or engineering-based.  The after school program 

in addition to the pre-college internship discussed were STEM related. 

Summer Camps, After-School Programs, or Internships 

 Participants Courtney, Joy, Paula, and Olive all had pre-college enrichment 

experiences related to engineering.  I recognize that only four out of fifteen participants 

in this study had pre-college exposure through camps, after-school programs or 

internships, and conversely I recognize that eleven out of fifteen participants did not 

express having any pre-college involvement in STEM related camps, after-school 

programs, or internships.  Choosing to highlight how the four participants were exposed 

to STEM curriculum in an informal format outside of the classroom might help us infer 

that this form of early exposure benefitted the participants that were able to have these 

experiences.  Conversely, we could posit that participants who did not have pre-college 

STEM enrichment might also have benefitted from it had they known about these 

opportunities or had families offered these opportunities to their daughters.   

Courtney was involved in a unique after-school and summer enrichment 

experience that focused on college prep and on STEM disciplines.  Courtney’s mother 

recognized her daughter’s potential in math and science while Courtney was in middle 

school and enrolled her in this program to nurture these abilities and interests.  Neither 

her mother or father were in technical fields but she appreciates how her mother 

recognized Courtney’s potential and how she noticed what she was drawn to, like science 
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projects and invention fairs.  About the enrichment program that offered her early 

exposure to engineering, Courtney said: 

It was targeted towards trying to encourage students from under-represented 
communities to get exposure to science and engineering early on in middle and 
high school.  It was one of those community college preparatory programs.  They 
offered after-school activities – hands on activities – that got you exposed to the 
math and science and engineering disciplines while you were in middle and high 
school.  I think I started that program in the 7th or 8th grade.  I think my 
engineering interest specifically came around the 11th grade.  It was probably 11th 
grade that engineering probably popped on my radar as something I really wanted 
to study.   

 
Joy, who was in advanced math and science courses in high school, attended a math and 

science camp at a local university campus as a high school student that focused on 

engineering as a major.  Also, because her father was an engineer and she grew up near 

Houston where many engineering jobs are, Joy knew about the field of engineering from 

a young age.  She was able to secure a pre-college internship the summer before she went 

off to college.  She talked about that internship: 

I worked for an oil and gas company.  I think it helped me realized I was doing 
something I really liked because freshman year, you don’t really take any classes 
that have anything to do with your major sequence – just math and Chemistry and 
that kind of thing – so this internship helped because I saw what an engineer did 
and I knew what to expect, so that helped.   
 

Paula did not do a pre-college internship like Joy did, but she did participate in a variety 

of summer camps during high school that her mother enrolled her in.  Specifically, Paula 

attended Spanish camp, Photography camp and to a Women in Engineering camp.  Even 

though Paula graduated with a degree in chemical engineering years later, she mentions 

how she hated the Women in Engineering camp because it highlighted engineering 

disciplines such as civil engineering, which did not interest her.  This speaks to how a 
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variety of early exposures can have an effect on a high school student’s career trajectory, 

although the camp did not turn Paula off from engineering as a whole.  Paula said: 

My mother made me go to a summer camp - a Women in Engineering summer 
camp.  I had just completed my sophomore year of high school and I hated it.  It 
was awful.  At the time, I really did not like it at all, but I think it was more the 
types of engineering that they had.  They had mining engineering – that was big.  
They had civil.  I remember visiting the locks and dams of the Mississippi River.  
We did a lot of electrical and computer engineering – just a lot of engineering that 
to me was of zero interest.  And I did chemical in college and that wasn’t at the 
camp.   
 

Olive, as previously mentioned, also had a pre-college exposure opportunity.  Because of 

her guidance counselor’s recommendation, she participated in a residential summer 

experience in southern Massachusetts on a private high school campus that was geared 

toward math and science enrichment.   

 Early exposure through informal channels like summer camps, after school 

programs or internships can also have an impact on girls forming or reconfirming an 

interest in STEM.  Existing interests in math and science have the potential to be nurtured 

in programs outside of the classroom. Engaging younger students in STEM activities 

outside of the classroom also can help foster their confidence in math and science skills.   

 Aside from early exposure in the formal classroom setting or from more informal 

settings like summer camps or after school programs, role models emerged as a theme 

during interviews.  When alumnae were students in primary and/or high school, they 

were impacted by role models in STEM disciplines. 
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The Impact of Role Models 

 Participants discussed the impact of role models being beneficial when they were 

high school students.  Of the participants that identified as having a role model, they 

discussed role models in different ways; some participants said their role model was 

someone they interacted with repeatedly, such as an older family member, like Olive who 

mentioned her mother as a role model, or like Courtney, who had an older sister that 

graduated from college and pursued a technical field prior to Courtney even graduating 

from high school.  Courtney credited her older sister as being a great influence on her:  

The image of my sister, that influence is more direct. She is a product of the same 
parents that I am and from the same family and same circumstances.  Being able 
to see her go through all of her education and do well was a really, really good 
example for me.  We are far apart in age and I had a shining example of what I 
could be and what I really wanted to strive to emulate.  I do not underestimate the 
value of having this good role model.  And I had several. I think though if I had 
even just one, that could be extremely powerful.   
 

Perhaps the role model was someone an alumna met just once.  Participant Bonnie said 

she was “extremely impressed by a female Latina astronaut that came to my high school 

Career Day and I think back and yeah, I remember thinking, well, engineering is 

obviously something I can do because she did it, so I was very inspired.”  Like Bonnie, 

Courtney indicated that she related to someone as being a role model because that person 

looked like she did, in gender and ethnicity, and that person showed her a path in which 

they also could succeed.  As mentioned previously, Courtney was involved in an 

enrichment program in middle school and the coordinator of that program was an African 

American female Ph.D.  Courtney said: 
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She was definitely an image of a successful African American woman, who had  
done really well for herself, who is trying to give back to the community and tried  
to encourage others by bringing up the next generations on a positive path.   
 

Participant Karen spoke about how her role model was her male high school physics 

teacher.  Although he was not a female role model for her, Karen considered him a role 

model because she respected him for his teaching abilities, for making science fun and 

for supporting her in pursuit to study engineering in college.   

 The four participants highlighted in this section discussed how role models are 

defined in different ways for different people.  Meaning, this cohort defined role models 

as people who they interacted with frequently, like family members, teachers, or 

community leaders. Or, like in Bonnie’s example, her role model was a Latina engineer 

she never even interacted with.  Being able to relate to an individual, even from afar, can 

provide role modeling for young girls interested in STEM.  This means adult family 

members, school leaders, community members, or any successful adult can motivate 

youth and be a role model. 

 In addition to role models influencing young women before college, what also 

helps build confidence and nurture an interest in math and science is enrolling in 

advanced or extra math and science coursework.  Building a foundation in math and 

science and getting extra exposure to these topics at an early age helped twelve out of 

fifteen participants enhance their aptitude in these subjects.   

Advanced or Extra Math and Science Courses 

 Twelve out of fifteen participants – Karen, Leslie, Margaret, Olive, Ivi, Amy, 

Heather, Joy, Denise, Courtney, Paula and Bonnie – shared that they were enrolled in 
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advanced math and science coursework in middle and high school, and Karen said she 

began advanced coursework as early as in 4th grade.  She said: “Starting in 4th grade, they 

put me in an accelerated math program.  So, when I got to high school, it was really a no-

brainer.  I was on the advanced track for math and science and I did well.”  Leslie 

recalled how her middle school coursework was so advanced that once she began high 

school, she was enrolled in sophomore level math classes and all AP courses.  She liked 

challenging coursework and appreciated being around students who craved knowledge.  

She said: 

For my sanity, I was like “please please put me in AP classes where at least  
people are trying to learn something.”  I took AP classes – that was the only way  
to get out of busy work and avoid kids who would cut class.   
 

Margaret mentioned how she took as much advanced coursework that she could take, 

although “offerings were slim.” 

 The majority of participants in the study expressed that they enrolled in advanced 

math and science courses, both in primary and high school grades.  Participants 

maximized the opportunities they had to enroll in these accelerated courses, even if there 

were limited options in their schools.  In the next theme participants discussed how their 

family of origin and their extended family impacted them before they graduated from 

high school.   

Family of Origin 

 Woven throughout participant narratives is how the nuclear family of origin 

impacted their lives as students from preschool throughout college graduation.  In this 

study, nuclear family of origin refers to whom the participant lived with.  Participants 
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also discussed extended family, which lived outside of their household.  Examples of 

extended family that impacted participants are aunts, uncles, grandparents, or cousins.  In 

considering the impact of family on alumnae, cultural and social capital is revisited, 

putting participant narratives in context.   

Cultural and Social Capital 

Participants in this study arrived at college with varying levels of capital, despite 

all of the participants pursuing and graduating with an undergraduate degree in 

engineering.  As previously discussed in Chapter 2, research suggests how the existence 

of capital simply removes roadblocks and paves a clearer pathway for students and 

professionals, as they make their way in the world of school or work.  Confirming prior 

research, ten out of fifteen participants noted how early exposure helped build or foster 

capital.  Participants – Joy, Naomi, Heather, Denise, Leslie, Margaret, Gabby, Ivi, Karen, 

and Emma - discussed in length the impact of cultural and/or social capital on how they 

evolved from a young person into an engineer.  Having a family member even outside of 

the family of origin in an engineering field was impactful for participants. 

 Growing up near an epicenter for engineering, Houston, Texas, several 

participants were surrounded by those in the engineering field and took notice. As an 

example, Joy said she was “surrounded by the industry, which helped and since I lived 

somewhere where engineering was a big part of the industry, it turned out that my interest 

was piqued and I might not have known about engineering otherwise.”  Like Joy, Naomi 

grew up near Houston and her father, older brother and a female neighbor are engineers.   
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Heather’s father and brother are also engineers.  Heather had capital because of 

her family’s involvement in the field and because she witnessed her older brother go to 

college for marine engineering. Like Heather, Denise’s father is also an engineer. When 

she was growing up, Denise’s father was an engineering faculty member and head of a 

university engineering department at a university.  Additionally, Leslie’s father is an 

engineer and she said: “From a pretty early age, I knew all about licensing, which most 

kids don’t know about.  My dad even picked structural engineering for me.”  Margaret’s 

aunt is an electrical engineer and although they only got together for holidays when she 

was younger, Margaret’s sister told Margaret that she remembers her saying she wanted 

to be an engineer in elementary school, although Margaret does not remember saying 

that.  Also, Gabby has three female older cousins who are engineers.  Ivi’s father is an 

engineer.  Karen’s father worked for an engineering company.  Emma said: “I was 

probably destined to be an engineer because my grandfather was an engineer and my 

brother was an engineer.  We have a lot of engineers in our family.”   

 Surrounded by engineers within their family, ten participants discussed how they 

were aware of the engineering field because of a family member.  With participants that 

grew up in Houston, often a neighbor was also an engineer.  Armed with cultural and 

social capital, participants pursued engineering having a frame of reference to help guide 

their pursuit.  An added layer of capital is discussed in regards to ethnic or cultural 

influences and family expectations in what follows.   

Cultural Influences and Family Expectations 

Non-White or foreign-born participants indicated the influence of culture or  
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ethnicity on their career path and on their educational trajectory.  (White/Anglo 

participants did not indicate how culture or lack of culture impacted their path toward 

engineering).   

Bonnie reflected on how she grew up in the U.S. as part of a “traditional Mexican 

family” where her mother did not work outside of the home.  Also, her mother did all of 

the housework and managed the finances.  Bonnie also said: 

My mother served my dad and brothers hand and foot. From when I was a little 
girl, my mother would always tell me “you’re not going to live this life – you’re 
going to go to college and get an education and you don’t have to get married if 
you don’t want to.  But if you do get married and you’re unhappy, you can just 
get out of it and not have fears of staying in something you don’t want to stay in 
because you can fall on your own two feet.”  My mom felt trapped. She didn’t 
have an education and she hadn’t worked since she was a teenager. She never let 
me do any housework – I would try and she would say “no, no, no!”  It was just 
ingrained in me from her that I was not to follow that pattern. 

 
Bonnie continued by saying how she was accepted to a university outside of her 

hometown but she did not attend that university because she was scared to leave her 

family.  Her Latina heritage and the importance of family to her culture impacted her 

college choice.  Because of that, she lived at home throughout college with her parents 

and continued to have a curfew and she said “a lot of decisions were still made for me 

and it was very strict, so I didn’t have time to grow up.”   

 Naomi, of Asian descent, remarked on how her decision to pursue an engineering 

degree in college was partly informed by cultural and family expectations to succeed.  

She said:  

I’ll speak for Asian women, I guess.  I feel the decision to go into engineering as  
well as sticking to it – there’s a lot of culture and family influence that I feel is not  
there in other communities that affects our decision making.   
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Leslie, who was also born outside of the U.S., echoed Naomi’s point about culture and 

family when she said: “It’s almost cliché, people from the Middle East becoming 

structural engineers.  It’s like a path, maybe more so for men, but everyone in the Middle 

East wants their kids to be doctors or engineers. That’s the big thing.”  In regards to her 

family specifically, she noted how her parents followed strict gender roles but since they 

only gave birth to daughters, they encouraged their girls to do anything, including 

engineering.  Leslie was unsure whether her parents would have encouraged her to pursue 

engineering if they had had a son instead of a daughter.  To that point, Leslie said:  

My parents follow pretty defined gender roles themselves but they had only girls 
so they wanted us to all do everything.  That was probably a good thing for me.  If 
they had had a boy to focus on, maybe they would have pushed him to be the 
engineer.  
 
Like Bonnie, Naomi and Leslie, Gabby was born outside of the U.S. and she 

spoke more about cultural influence than about family influence in regards to pursuing 

engineering.  She said: 

I was always dead on for engineering, just because in emerging countries anyway,  
there is a lot of influence of women going into engineering, specifically in South 
America.  It is just kind of innate in us that becoming an engineer, doctor or 
lawyer were the only things that could provide a paycheck.  I mean, I can count 
on my fingers the amount of my Colombian friends that went with Anthropology 
or this or that, just because you know, career-wise, there aren’t many job 
opportunities with that.  
 
Courtney reflected on her minority status as an U.S. born African American 

woman, by saying she may have been more cognizant of certain issues in college that 

non-minority students were not aware of.  She said: “Being a double minority, a woman 

and a minority, that may have made me a little bit more aware of my surroundings.”  
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Even so, Courtney said she may have had a different experience than other African 

American females may have had growing up – more stereotypical experiences - given 

that she went to a private high school and it “wasn’t in a bad neighborhood or anything 

like that.”  

 Outside of cultural influences on participants, many alumnae also discussed how 

family expectations informed them of how working hard in school mattered.  In high 

school and in college, Amy’s parents “wouldn’t settle for bad grades and having them 

push me to always strive to be the best I could be was probably the main influence in my 

doing well.”  Olive’s parents told her to work hard or she would have to return to the 

farm and milk cows all day, and that motivated her to try hard in college, knowing that 

“failure was not an option.”  Gabby recalled how there were unspoken priorities in her 

family and how she knew that picking a major that would lead to a paycheck was 

essential.  Leslie knew her father wanted all of his kids to become engineers and it was 

expected and unspoken that she would go to college and graduate.  Like Leslie, Denise’s 

parents advised her to get a degree that would lead to a career and financial security.  She 

said:  

I was pretty good at sketching and I was interested in art but my parents advised  
me to get a career in engineering and do those things on the side.  Engineering  
was logical to me anyway because I liked math and science so much.   
 

Denise continued by saying her family told her that they expected her to go to an in-state 

college and if she did well, they would pay for graduate school also.  Heather also knew 

how important it was that she go to college because her parents always assumed she 

would go to college and “it was always just part of the plan.”  Emma knew how 
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important education has always been to her family because she remembers hearing that 

her grandfather, who died before she was born, would not let her mother marry her father 

unless she graduated from college.  Like other alumnae, Courtney was pushed to do well 

in school and from a very young age she knew that doing badly in school was not an 

option.  She said:  

Not only did my family encourage good work but my mom really went out of her  
way to find opportunities for me to become more exposed to the things that she  
thought I was interested in and she really tried to develop that passion in me.   

 
Additionally, Bonnie knew how important an education was because she knew from an 

early age that her family moved to the U.S. from Mexico specifically for education.  

Bonnie’s parents wanted her to have more educational opportunities than they had.  She 

saw her brothers start college and drop out and how it devastated her parents.  She felt a 

responsibility to not devastate her parents.   

 Family expectations and/or cultural expectations impacted participants in their 

pursuit of a higher education.  As an example, Naomi, Leslie and Gabby were raised in 

cultures that expected their youth to pursue engineering or technical fields.  Conversely, 

the Mexican culture Bonnie grew up in was traditional and it expected its young women 

to become wives and mothers after high school graduation.  Bonnie differs from the norm 

for two reasons: Her family expectations required her to attend college and Bonnie was 

not pressured to pursue a technical field.   

Conclusion 

 In Chapter 5, participants reflected on their pre-college years.  Participants 

expressed how meaningful it was for them to have early exposure to math and science 
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curriculum in different formats and how this early exposure helped them build confidence 

in their youth.  Participants also detailed how their high school teachers or counselors 

helped or hindered them on their path toward engineering, meaning high school staff are 

in a unique position to encourage or discourage students when they express interest or 

aptitude in a subject matter.   

Additionally, four participants identified their involvement in summer camps and 

after school programs that provided early enrichment.  These experiences were beneficial 

for participants that engaged in them.  In one example of family encouragement, 

Courtney was enrolled in a STEM focused after school program during middle school 

that encouraged and nurtured her interests.  Courtney started to build a foundation in 

math and science because of this enrichment opportunity that guided her career path 

toward engineering.  Conversely, Paula attended several summer camps during high 

school and learned about which engineering disciplines she did not want to pursue.   

Also in this theme, one participant shared about early exposure through a pre-college 

internship that helped confirm her choice in major prior to enrolling as a freshman.   

Participants also identified role models in this chapter and defined them as people 

they knew, met once or saw from afar.  Influenced by people who looked like them 

(gender or ethnicity) helped show participants that they also could be successful in a 

technical field one day.  Many participants also remarked on extra exposure they had to 

math and science in middle and high school via advanced coursework.  Being able to take 

extra or advanced courses helped participants build a foundation in subject matter that is 
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required for engineering majors.  Without this preparatory work, students are less 

prepared for success or disadvantaged when in an engineering major in college.  

This chapter revisited the impact of cultural and social capital on participants.  

With more cultural and social capital, the transition from high school to college is eased 

and more fluid.  Also, family of origin and extended family influences were shared, 

including how cultural influences and expectations informed participants on the value of 

a college education and/or an engineering degree.   

In Chapter 6, participants discuss their college experiences, in terms of 

interactions with faculty and peers; rigorous coursework; the influence of support 

networks; their perceptions about the engineering culture; of racism and sexism; and they 

reflect on their career path.   
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CHAPTER 6:   

REFLECTIONS ON COLLEGE AND CAREER 

Introduction 

 Chapter 6 provides a breakdown of themes that emerged from Interview 1 and 2 

with participants as they reflected on their undergraduate experiences.  Some overarching 

tenets that emerged from those discussions includes data on: Engineering faculty; 

engineering students; academics and curriculum; support networks; student involvement; 

perceptions about an engineering major; perceptions of racism and/or sexism; and lastly, 

personality traits for success in the major.  After college experiences are detailed, Chapter 

6 includes participant reflections on career, including data on: the importance of a 

flexible schedule; being a role model to other engineers; valuing their supportive family 

or partner; the importance of having a career plan and long-term vision; and how early 

exposure to STEM disciplines is critical.   

Engineering Faculty 

 Participants reflected on engineering faculty at their alma mater and also on their 

perception of faculty and teaching assistants (TAs).  Two participants shared how they 

noticed few female faculty members in their department.  Conversely, three participants 

said their alma mater did a good job in hiring female faculty.  In terms of male faculty 

and teaching assistants, four participants – Naomi, Margaret, Bonnie, and Denise – 

recalled negative interactions or experiences that they had.  Nine participants out of 

fifteen expressed positive and encouraging interactions with male faculty and TAs.   
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Perception of Female Faculty / TAs 

Two alumnae shared how female faculty were scarce in their undergraduate  

classes, which is not surprising given the underrepresentation of females that major in 

engineering.  Speaking to this underrepresentation, Gabby said:  

From the teachers to the students, we (females) were always a minority.  I recall  
being in a huge thermodynamics class with 350 students in it and being just like  
one of maybe six or seven women.   
 

Aside from the underrepresentation of female faculty and TAs, Heather remembered how 

the few female faculty in her department were not very welcoming or approachable.  

Giving an example, Heather said:  

One thing that I found surprising throughout my college career is the sort of lack  
of support from female professors.  Well, there’s just a lack of female faculty 
anyway.  The ones that I encountered and the one I worked with really closely 
wasn’t necessarily the most encouraging or collaborative.  I think that women 
have a tendency to be competitive with one another instead of helping each other. 
Men don’t do that. 
 

Expressing the opposite views of Gabby and Heather, Courtney said that her alma mater 

did a good job of hiring “a non-trivial amount of female faculty” and that over the four 

years that she was a college student in engineering, she had these professors more than 

once, which she felt helped build rapport with professors.  Courtney said: 

I had two female professors throughout my four years and I think that probably 
helped me and other female students to feel really comfortable and at ease in our 
courses.  Everyone knew each other well. Women like to see other women in 
positions that they aspire to be in.  I think having gone through four years of 
engineering, if I had only ever had male faculty members, I might have ended that 
program feeling a little discouraged, thinking “I don’t see anybody here that looks 
like me doing what I want to do”. I think that would have discouraged me. 
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Courtney continued by saying how female faculty that she interacted with seemed 

encouraging. To that point, she said: “I think that their personalities being very friendly 

and approachable made me comfortable seeking out help when I needed it.” 

 Conflicting accounts from participants included how female engineering faculty 

were scarce, were present but not available or encouraging, or how female faculty 

members were supportive and encouraging.  Participants also reflected on their 

perception of male engineering faculty and teaching assistants.   

Perception of Male Faculty / TAs  

 Several alumnae had lasting impressions of male faculty members that seemed 

more negative than positive, but overwhelmingly, reflections were more positive than 

negative.  (It is important to remember that each memory or reflection is couched in a 

context that is informed by the individuals’ own personality, life experiences, prior 

interactions, culture, background, etc., and each participant interprets her experiences 

differently.)  From most painful to least painful, the following narratives are used as 

examples.  

When I asked Naomi about her impressions of male faculty, she alluded to an 

interaction that she felt was inappropriate.  Out of respect for Naomi’s privacy, I moved 

to the next interview question and did not probe any further.  Margaret shared a painful 

memory as well, although of a different nature.  Margaret recalled going to visit her 

professor during his office hours because she had questions about why a certain question 

was answered incorrectly on an exam.  Margaret said: 
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 I didn’t understand, so I wanted to see what I was missing.  I went into his office  
hours and asked him if he could help me understand this and he immediately said 
“I am sick and tired of the female engineers coming in here trying to cry so I can 
change their grade.”  I’m paraphrasing what he said but he, first of all, accused me 
of something I wasn’t trying to do. I was trying to understand how I’d gone wrong 
with this question.  I was just shocked and I explained to him that I just wanted to 
understand why I got this one wrong. I don’t even remember what happened after 
that. I remember walking out and I left. I just remember being pretty surprised by 
his reaction and just trying to understand. 
 

In another negative reflection involving sexism, Heather shared an experience she had 

with a male TA.  She talked about how she was assigned to a group project for a class 

and the objective of the assignment was for students to use a toy and “reverse engineer” 

it.  The class was told they could pick any toy they wanted to but they had to get approval 

from the TA prior to beginning their work.  Knowing that past groups had successfully 

used her idea before, she relayed how she sought out the TA to share the idea and he told 

her “No, you can’t do that. Don’t do that. Pick something else.”  She and her group 

thought that was strange but began thinking about another toy to use for their project.  

The next day, a male friend from another group told her he his idea and it was the idea 

that she has proposed a day earlier to the TA.  So, she and a friend from her group went 

to the TA and confronted him about it to get clarification.  In that interaction, Heather and 

her friend learned that the TA thought the project would be too hard for them, essentially 

saying they were not qualified because of their gender.   

In another example, where it was unclear if sexism was the driving force for the 

negative interaction or if the professor was actually trying to motivate her, Bonnie shared 

how she got a “C” on an exam, despite her math and science aptitude and she had never 

gotten a low grade like this before – ever.  She said:  
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I do remember one incident that made me cry.  It was one semester I decided I’d  
try to work and have a job because I thought I was doing pretty well.  It took 
hours that I obviously needed and I was taking an engineering statistics class and I 
got my first “C” on an exam and I was devastated.  I remember the professor 
telling me when he gave the exam back to me that he thought I was smarter than 
this (grade).  I was devastated.  I had to drop that class.  It was the first class I had 
to drop and I didn’t even give it a chance.  I got a “C”. 
 
In perhaps a more covert example of how being female impacted the interactions 

she had with male professors, Denise mentioned how it was obvious that older male 

professors “had their favorites” and the deficit in engagement was most noticeable when 

male faculty would invite male students to play pool with them or drink beer with them – 

getting to spend extra time together.  Denise said this translated into extra face time 

outside of class between the men.  She said: “I definitely saw that in undergrad and in 

graduate school, where you could see that the professor had their favorites and they might 

have (male) students as their beer drinking, pool playing buddies.”   

 Conversely, in examples of how male faculty and female engineering students had 

positive interactions because of their visibility as an underrepresented group, participants 

Ivi and Heather said being female helped them get noticed by professors.  Ivi said that 

she thinks being a female helped her.  She said: 

I guess people have stories about how the professor disrespected them or treated 
them badly because they were a woman, but I never experienced that at all.  If 
anything, I got extra attention, mostly from the older professors I guess.  Not only 
would they remember my name easier because there were hardly any of us 
(women), so they were going to recognize you more, but I was always sitting in 
the front of the class and paying attention. I was right there.  They noticed women 
more.  I never had any problems.  If anything, it was just even more helpful 
(being a female). 
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Heather said how “a lot of male professors were more encouraging towards me because I 

was a female and they wanted to see me succeed, not that they gave me any privileges, 

but they were definitely encouraging toward me.”  What’s more, one faculty member in 

particular encouraged Heather to go to graduate school and to work in his research group. 

Before he had mentioned this, she had never thought of furthering her education.   

In another example of how a male faculty impacted a participant, Margaret remembered 

taking a graduate level class when she was an undergraduate student.  During the first 

exam, she remembered how there were only four problems on the exam and she did not 

know how to answer any of the questions.  She kept looking from one question to the 

next and she decided to drop the class.  She said: 

 I picked up my exam, walked out of the classroom, and went up to one of the  
offices in the engineering building and started crying.  Wouldn’t you know, the 
professor came looking for me after class, found me in this office, and I was 
embarrassed because I had tears in my eyes.  He found me and said “do not drop 
out.”  He said “nobody passed that exam.”  I remember thinking that was really 
nice of him – that’s the only person I remember feeling like he cared about me as 
a student. 
 

Emma, who said she hated asking questions, recalled one interaction with a male 

professor who she sought out during his office hours that turned out to be surprisingly 

encouraging.  After crying in his office, which “mortified” her, she remembered “getting 

no sympathy” from him but toward the end of their interaction, she remembered getting 

encouragement from him to go to graduate school.  Paula also remembered having good 

interactions with the faculty members she knew, but she thought this might be because 1) 

her major was more evenly distributed females/males, 2) it was a smaller department, 3) 

her department hosted an annual picnic at the dean’s home where all the faculty and 
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students would mingle, and 4) she also knew several faculty members through the 

organizations she was involved in, like Society of Women Engineers.   

 Overall, both negative and positive memories surfaced for participants who talked 

about their perception of male engineering professors.  Like the interactions participants 

had with their high school teachers and counselors, interactions with faculty and teaching 

assistants in engineering programs also presented powerful opportunities to encourage or 

discourage students on their academic path.  In regards to negative impressions, 

participants detailed the following: A discomfort asking questions in office hours; 

encouragement from a TA to switch to an easier class project; and, getting chastised for 

earning a low grade on an exam. In one unique example, a participant recalled faculty 

inappropriate behavior that made her uncomfortable. Ultimately, student-faculty 

interactions left lasting impressions on participants which highlight how important these 

interactions were and how these negative interactions colored their experience as 

students.  

Alumnae also described positive impressions of male faculty, which included: 

Getting noticed because of a gender underrepresentation; getting extra encouragement; 

getting encouragement to pursue a graduate education.  Alumnae reflected back on 

pivotal points in their college career where faculty interactions helped bolster their 

confidence in a class and even influenced them to pursue further education.  Interpreting 

student-faculty interactions as positive also meant alumnae formed allies in their 

department where they felt comfortable to approach certain faculty with questions.   
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 Alumnae offered their overall impressions of engineering faculty without regard 

to the gender of that faculty member in what follows.  Participants did not identify the 

gender of the faculty or teaching assistant when discussing the culture of the engineering 

department or their comfort level in approaching faculty members for help. 

Overall Perception of Faculty / TAs 

 In the previous section, two participants highlighted how female professors were 

scarce or less encouraging toward female engineering students however one participant 

argued that her alma mater hired a non-trivial amount of female professors who were 

approachable and encouraging.  Additionally, four participants discussed how male 

professors diminished their efforts in the major due to perceived sexism while one 

participant many years after graduating still remained unsure of how to interpret a 

positive/negative interaction with a male faculty member.  Conversely, four participants 

highlighted how their visibility of being a part of an underrepresented gender benefited 

them and how they were able to leverage this visibility and use it to their advantage.   

 Without regard to the gender of the faculty member, participants shared an overall 

perspective on their perception of faculty at their alma mater.  Emma and Karen reflected 

on how specific professors were friendlier than others and were better teachers than 

others.  Emma said: “On the whole, professors were trying to be quite encouraging.  I 

don’t remember any professors being discouraging.”  Karen said that if she had a 

question about an assignment or homework, she did not hesitate in seeking out the 

professor or TA for help.  What’s more, Karen said: “There are so many TAs out there 

that I owe so much to because they sat down with me for hours and went over problems 
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and talked to me and helped me try to understand new concepts.”  Olive and Courtney 

recalled office hours as a good forum to ask questions and where professors made 

themselves available to students.  She appreciated the high quality education she received 

and her lasting impression was that faculty members seemed motivated at her university.  

Denise echoed Olive’s sentiments, saying she could always felt like she could drop by a 

professor’s office to talk with that professor or the TA about class. Gabby said she felt 

encouraged by professors and that she sensed professors took pride in their work and that 

they were impressed by girls’ present in the engineering classrooms.  Although Paula and 

Leslie said that they never liked to ask questions, they felt like they could have asked 

professors or TAs for help if they needed it.  Joy recalled interacting with one faculty 

member in particular a lot and she knew that he cared about her success.   

Conversely, Amy thought that professors – of either gender – were intimidating 

and going to office hours was a challenge for her.  She said she learned to trust “a few 

professors” and appreciated those that did not “make me feel like an idiot” when she 

needed help. She remembered certain instances where she went to office hours and the 

professors asked her to come back when her questions were more clearly formulated or 

articulate, dismissing her confusion and frustrating her.   

This data is reminiscent of an earlier section in this paper that detailed how 

powerful rapport between students and their primary and high school teachers or 

counselor is, whether interactions are limited or frequent.  Similarly, the interactions 

between female engineering students and university faculty in engineering are also 

powerful and they matter, confirming prior research detailed in Chapter 2.   
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The following theme discusses engineering culture and climate in particular while 

also giving context to how female underrepresentation in engineering majors impacted 

alumnae when they were students.  Aware of their underrepresentation in most of the 

engineering disciplines (not in chemical engineering), participants were able to recognize 

when their gender impacted the interactions they had with male peers in engineering 

classes.  Also, the co-educational culture is discussed as being competitive yet healthy 

and mostly supportive. 

Engineering Students 

 Alumnae reflected on the climate within their engineering college and on the 

interactions they had with other engineering students.  Participants noticed how they were 

a minority in terms of gender and depending on the participant, this mattered more or 

less.  Also, several participants discussed their experiences with gender bias from male 

engineering students, including some examples of racism and/or sexism.  Additionally, 

alumnae shared how female students in their majors were competitive or supportive with 

other female students.  Lastly, participants discussed how they felt supported by their 

peers, with several participants describing a symbiotic relationship where they 

encouraged each other all the way through college.  

Awareness of Gender Underrepresentation in Major 

 Almost all participants commented on how they were aware of their gendered 

minority status within engineering departments.  The exception was in chemical 

engineering, where Paula and Courtney both mentioned how the chemical engineering 

departments at their different universities were comprised of a more balanced amount of 
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male and female students.  At Paula’s university, she indicated the balance was 60/40, 

with more male students than female students.  At Courtney’s university, she indicated 

the balance was 70/30, with more male students than female students.   

 It is important to note that as high school students, none of the participants for this 

study said they declared engineering as their college major because of their awareness 

that females were underrepresented in engineering.  As an example, Naomi said she 

“actually did not know before starting college that it was kind of skewed (toward males) 

and I did not know that there were more males than females in engineering.”  Emma said 

she only noticed how there were very few women in her engineering department several 

months into her education.  She mentioned how odd it was that it took her several months 

to notice the underrepresentation of females in engineering because she went to an all-

female high school.  She said: “I was so focused on my studies that I didn’t even think 

about it until a couple of months into my education.  I was just focusing on the schooling, 

the classes, and just trying to do well in my classes.”  

Some participants noticed an underrepresentation when they began college or as 

they progressed in their major.  To that point, Paula recalled how the first time she 

noticed that she was a minority in engineering was not until she did her first co-op.  

Because her department had close to an equal distribution of males and females, when 

she began her co-op she saw only one other female at the plant.  Noting that there were 

other females at the plant, she mentioned how these women were in administrative roles 

and they were not engineers.   
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In the classroom, Gabby noticed a pervasive underrepresentation saying that 

“engineering is very male dominated and I recall being in a huge thermodynamics hall 

with 350 students and being just like only one of maybe six or seven females.”  Courtney 

said she noticed an underrepresentation, even though her department was 30% female.  

She noted how “it was a challenge being a female in a really male dominated field and 

not having a lot of people around who can really relate to me and to my situation.”  

Confirming prior comments, Olive said the following: 

By the time I hit senior year, I was in classes with – I was only 1 of 2 women.  
There was a class of 60 guys.  Women typically did not do mechanical 
engineering and they would break off.  Out of all of my girlfriends, all 6 of them, 
I was the only engineer.  All of them were either biology, bio-tech, or math 
majors.  

 
Furthering this point, Ivi said she remembered “in electrical, it seemed like there were 

only three girls in my graduating class.  There must have been a few more but the three of 

us took most of the classes together and there were not many girls at all.”  She mentioned 

how “there were so many pretty girls in chemical engineering and electrical engineering 

has a different type of girl”, so underrepresentation was not less of an issue for her 

because she was “attracted to being around intelligence” more than she cared about being 

around an equal amount of males or females.   

 Depending on the participant, the awareness of their being a minority in 

engineering major became evident at different points in time over the first year in the 

major.  For students outside of chemical engineering – which was more evenly balanced 

– alumnae discussed how they first noticed their underrepresentation and how they felt 

about it once they became aware.  Because of their minority status, some non-
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White/Anglo participants highlighted how they perceived gender bias in their major 

while others did not. 

Gender Bias by Male Peers in Major  

 Although Gabby, Paula and Joy said they never experienced gender bias from 

male peers in engineering, participants like Heather, Denise, and Margaret noted how 

they experienced bias because of their gender.  (All six of these participants’ graduated 

from universities with over 40,000 students enrolled in them except for Denise, who 

attended a smaller college with only 5,000 students.  Each of these six participants 

majored in a different engineering discipline.)   

Participants discussed bias as being subtly present in the engineering culture.  As 

an example, Heather and Denise both discussed how male engineering students assumed 

female engineering students would take on the writing role during lab exercises.  Heather 

detailed how subtle gender bias was evident in lab assignments, by saying: 

When you’re in a lab and you break up into teams, the team assumes that you’re 
going to take on the writing role versus the experimental role.  It wasn’t really an 
issue for me though.  I felt like if I stood up and said ‘I want to do the 
experimental role’ that nobody really told me I couldn’t.  If I could prove myself, 
then it was fine.  The bad part is some people assume that you’re not capable, 
which is unfortunate.  If you are capable, it doesn’t matter that they assume that, 
so I never put any weight on it. 
 

Gender bias emerging in a somewhat less offensive way, Denise said she experienced  
 
males flirting with her in classes and in labs but this “did not bother me too much, but I  
 
was trying to be taken seriously.”   
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Aside from experiencing bias from male peers in labs, Amy said she only noticed  
 
bias coming from males when a female engineering student was awarded an internship  
 
when a male student was not.  Amy said: 

 
When a girl got an internship at a company and all of a sudden it was this big deal 
like “they were just looking for more women and that’s why you got it”.  And, 
really? A company is not going to settle.  They are going to get whoever they 
think is going to do the job.   
 

Despite Heather and Denise’s examples of subtle biases in classes or labs and  
 
Amy’s example about bias at an internship, Margaret detailed more overt examples of  
 
how gender bias – including more severe forms of bias like sexism - impacted her  
 
experience as a student.  Margaret recalled several experiences with male engineering 

peers that she felt were unfair.  In one example, she remembered a male peer walking up 

to her thinking she was in the wrong class because she was in an engineering classroom.  

Also, she recalled how she frequently felt challenged by male peers when they studied.  

She said:  

If I knew there was an answer that was discussed that was incorrect or if my 
answer was different, I just felt like nobody really believed that I could succeed.  
Nobody ever believed that I could possibly be right if I was the only one that had 
a different answer to a question.   

 
In another example about bias, Margaret discussed how she experienced bias because of  
 
her gender and also because of her ethnicity as a Latina/Hispanic student.  She said: 
  

I think that was another thing that was against me or I felt it was against me.  I 
think people felt that because not only I was a female but also I was Hispanic, that 
I’m getting this entirely free ride for my schooling and there is really no merit to 
what I do or what I can produce.    
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She recalled people talking in the Institute of Electrical and Electronics Engineers office 

on campus about how because someone was Hispanic, that person would have no 

problem finding a job after graduation.  More than gender, Margaret felt “like being 

Hispanic was more of a negative thing for me; just another barrier that I had to overcome 

to prove myself to others.” (Other participants – despite their ethnic minority status - did 

not express racism to the extent that Margaret did.)  

 Subtle gender bias was evident for three participants in this theme while more  
 
overt forms of bias were evident for one participant in particular.  The size of the 
 
university did not matter nor did the engineering discipline for alumnae who experienced  
 
bias. Gender bias impacted certain participants more than others and perceptions varied.   
 
This might mean that the personality of the participant provided an interpretive lens  
 
which defined certain behaviors as bias and other behaviors less so.  Evidence of racism  
 
also emerged in the data, suggesting a stronger form of bias existed in one engineering  
 
culture.  
 

Participants also offered more data regarding the engineering culture and about  
 
their interactions with peers.  Competition is discussed as a healthy motivator for most  
 
engineers who wanted high grades.  Finding a support network within study groups or  
 
with engineering peers in other formats provided camaraderie.   
 
Competition or Camaraderie Between Students 

The competitive spirit found in engineering colleges was healthy and it helped 

push alumnae to work diligently and achieve high grades.  Based on participants’ 

reflections, certain types of personalities seemed to gravitate toward engineering degrees 



  	  

	   155	  

– personalities that liked a challenge and did not mind competition.  In regards to gender, 

only two out of fifteen participants described a more negative competitive spirit 

specifically between the female students in their engineering department while an 

overwhelming amount of participants indicated that they felt no unhealthy competitive 

energy coming from female engineering peers.  Most participants reflected on how 

engineering as a major was competitive regardless of gender, because of the rigor of the 

coursework and because engineering students worked diligently to achieve and find 

success.  Of the two participants that felt a negative competitive spirit with other female 

engineers, Emma said: “I felt competitive – I think I did – but I always kind of thought 

that was just my personality and I probably treated it like a competition, but I probably 

didn’t need to do that.”  Leslie added that her engineering department “was more 

competitive than camaraderie but it wasn’t like we women banded together either.”  

About gender, she said that she “felt competitive more with the women because 

obviously there is fewer of us.”   

Bonnie also described a competitive spirit in her engineering program and also 

noted how it was a healthy competition between every student, regardless of that 

students’ gender.  She remembered how it was extremely competitive in particular when 

exam grades were posted and students compared their grades with one another.  Like 

Bonnie, Karen said she thought that both male and female students were “just trying to 

survive the pack.”  Karen also said that the expectations of her engineering college felt 

“brutal” and she “had a difficult time relating to a lot of girls” but that “there is too much 

to do (with the volume of work required for courses) for it to be competitive.”  Naomi 
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concurred with Bonnie and Karen saying her classmates were competitive with one 

another regardless of their gender, because “80-85% of them were pre-med students.”   

In regards to camaraderie between females in engineering programs, participants 

like Gabby, Ivi, Margaret and Karen described a support network they formed with other 

female engineering students.  Gabby said the “girls that went to school with me, I am still 

friends with today and we were kind of like each others advocates.”  Gabby continued by 

saying: 

Within my particular group, we were extremely supportive of each other just 
because we did feel a little bit kind of like we were a minority.  When you’re in a 
class with 30 guys and there are only 2 or 3 of you – we always kind of helped 
each other out.  So, the competition was always there because usually everyone 
wants to be number one but it was that healthy kind of competition and we 
motivated each other. 
 

Concurring with Gabby, Ivi said females were supportive of one another.  She mentioned 

how she enjoyed doing well in classes and getting higher grades than others in general, 

but she never felt any competition that prevented her from studying with other women.  

Similarly, Margaret said: 

All the women that were in engineering were my friends, so I didn’t really feel 
competitive with them.  I just felt that there was a good spirit between the women. 
There weren’t many of them but interestingly enough, the women were all in the 
top 10 percent of my engineering school! 
 

Karen concurred by discussing how her best female friend in engineering helped her 

“survive college” because they “studied together, did projects together and worked on 

everything together.”  Participants like Margaret and Karen also felt a collective sense of 

camaraderie because all engineering students worked hard and many helped one another.  
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In regards to co-educational supportive relationships, six participants out of 

fifteen described leaning on friends and classmates during college and how these 

relationships helped alumnae feel supported and connected.  As an example, Bonnie said 

she “counted on friends, classmates and a boyfriend” on her path toward graduation.  

Courtney described how she “gravitated toward a group of people that was comprised of 

both women and men”, liking to have a “diverse group around me.”  Commenting on 

how support networks with peers are essential for engineering undergraduate students, 

Denise also mentioned how she felt support with classmates. She said she spent a lot of 

time with her engineering peers and “our evenings were spent putting projects together, 

then we’d go have a beer.”  Speaking more about the importance of bonding with 

engineering peers, Paula said “you all kind of bond because you’re studying like crazy or 

partying like crazy when you’re not studying and you’re all stressing at the same time 

and all in the same boat.”  In terms of study groups and peer support, Heather mentioned 

how doing work with peers and collaborating helped her learn.  She said participating in 

study groups “was the best way for me to really get through.”  Ivi also found study 

groups helpful.  She said most of her study groups were comprised of males and females 

and “we just always studied together or worked on homework together.”   

Alumnae highlighted the competitive spirit they felt in engineering by defining it 

as a positive and healthy influence on their trajectory in the major.  This means when 

coursework was challenging, alumnae found support with other engineering peers to “get 

through” the difficult periods.  While some participants felt more camaraderie with peers 

than others, only two participants expressed a negative reaction regarding any 
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competition between female students.  Given how rigorous engineering coursework was 

for students, relationships seemed to form because of this healthy competition.   

Speaking more about the rigors of engineering coursework, the next code 

illustrates how the rigors of the curriculum were time consuming and how they interfered 

with outside interests and life balance.  Given the profound time constraints on 

engineering students because of coursework obligations, involvement in co-curricular 

activities was impacted.  This suggests that most alumnae were not able to participate as 

much as they wanted to.  More about the impact of engineering rigor on involvement is 

discussed in Chapter 7 as it relates to one of the theoretical framework’s guiding this 

study.  

Academics / Curriculum 

 Engineering programs incorporate rigorous coursework that is time consuming, 

providing a challenge to students who have outside interests.  In this section, all fifteen 

participants described how challenging their courses were but six out of fifteen stated 

how oftentimes they hated engineering.  (In a later section of this chapter, participants 

discussed how satisfying it was to conquer challenging courses, how they liked 

engineering and how they found it enjoyable to find the “right” answer to problems.)  

Also, participants described how they struggled to find balance between the amount of 

time it took to complete engineering work, interfering with outside interests. 

Challenging Courses and Workload in Major 

 Six out of fifteen participants - Denise, Paula, Olive, Emma, Amy, and Margaret -

concurred that engineering school was challenging, however nine out of fifteen 
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participants did not speak in length about the rigors of engineering coursework.  Within 

the group of six participants that found engineering coursework challenging, Denise 

commented on how she “had to get through it,” how the engineering major “felt like a jail 

sentence” and how at times she “hated it.”  Similarly, Paula remembered how she knew 

she would be fine once she got through the hard periods and tried to remind herself of 

this perspective.  Olive liked to tell herself:  “As long as you have the aptitude and work 

hard, you can get it done and can get through this.”  Emma commented in length about 

how “just getting it all done took a lot of time and dedication.”  She also recalled friends 

outside of engineering having time to participate in co-curricular activities.  To that, 

Emma said: 

I remember we (engineering students) didn’t have much time for extracurriculars.  
And it seemed like it was not balanced.  I had to spend all my time on homework.  
I mean, I guess because I am an introvert, I had to spend all of my energy on my 
homework and then I had to goof off on the weekends, so I couldn’t do so many 
extracurriculars.    
 
The theme of students suffering together and banding together in a community 

where they felt understood and supported continued emerging in the data.  As it was 

mentioned in the previous section about competition and/or camaraderie, Amy discussed 

finding and fostering a sense of community with engineering peers when she said:  

The biggest thing that everyone can relate to is just getting through that one class 
or those two classes that we couldn’t stand and just had to get through.  And 
sometimes you just feel like giving up.  It’s just exhausting.  It’s stressful.  
Sometimes you just want to be done and everyone, everyone goes through that.  
There is always a time when you think you cannot do this anymore – for men and 
women.  That is a common feeling for every single person in engineering but you 
just have to persist. 
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Conversely, Margaret felt a lack of community and said she felt isolated.  She  
 
commented:  
 

I felt like I was out on my own.  There was really nobody in my family that could 
help me and understand this and there weren’t really many classmates that could 
understand where I’m at.  It was an isolating type of challenge.  

 
Whether participants felt a sense of community or not with their peers, every 

 
alumnae commented on how time consuming their engineering program was.   
 
Participants Heather, Amy and Joy - discussed how difficult it was to participate in 

activities or events due to the time consuming / all consuming nature of their engineering 

program.  These three participants described how engineering coursework expectations 

interfered with their ability to do things on campus other than homework.  Heather 

discussed how she was driven to succeed academically and often spent up to eight hours 

at the library studying.  Not minding the time she had to put in to study, she still lamented 

on how difficult it was to “sit in a library for eight hours then find the balance between 

that and having a social life”.  About engineering and time constraints, Amy added that 

her “biggest challenge was coping with the amount of work given.”  Tying this data back 

to how students fostered a sense of community and understanding that every engineering 

student likely struggled similarly, she said:  

I felt like it was constantly an uphill jog to the top.  It felt like I was always 
scraping to get by and I barely had enough time to get to the next assignment.  
That was the hardest for me – just having time.  Finding a balance between school 
and outside of school – that was tough.  I mean, you want to go do the stuff you 
want to do and have fun but you constantly have this feeling like “uh, I shouldn’t.  
I need to study.”  And that is constant.  It’s just that constant stress with school – 
it’s always there.  
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Confirming what Heather and Amy said, Joy commented on how “going to school and  
 
socially, just trying to do everything” was a challenge.  She said figuring out the balance  
 
between academics and fun was difficult because “I had to study a lot but my roommates  
 
had different majors that did not require as much studying.”   

 Highlighting how time consuming engineering coursework was and how at times 

they hated it, participants discussed their experience in an engineering major.  Support 

groups formed and peer relationships were bolstered these interactions that organically 

formed helped participants keep longer-term perspective about their purpose in pursuing 

the major.  Finding the balance between studying for engineering and involvement in 

outside interests was a profound challenge for many, but feeling a sense of community 

with engineering peers mattered and smaller communities (study groups) formed.   

Support networks are discussed in the next theme, which included the benefits of 

living on campus (near resources) in addition to how beneficial it was for engineering 

students to live with other engineering students during their first year in college.  Finding 

support within residence life with other engineering peers impacted participants’ 

transition to college and their success in the major.  Living on campus in general is also 

beneficial because campus resources are close by and easy to access. 

Support Networks 
 
 Participants indicated others ways in which they found support as undergraduate 

students on their college campus.  Some participants said living on campus helped them 

connect to their major and to their university.  Many participants shared that they lived 

on-campus in residence halls dedicated to engineers or on floors with other engineering 
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students.  Participants also talked about the student services that they felt were helpful on 

campus and why these were helpful.  Additionally, alumnae discussed how their family 

of origin encouraged them or provided them with financial support while they were 

matriculating. 

Living on Campus / Residence Life 

 Three out of fifteen participants remarked in length about how beneficial it was to 

live on-campus in a residence hall that housed mainly engineering students or that offered 

them the chance to live on a floor reserved for engineering students during their first year 

in college.  Although only a minority of participants remarked on the benefit having lived 

in an engineering dorm or on a floor that housed mainly engineering students during their 

freshman year, it can be inferred that these living situations were beneficial for alumnae.  

The women who resided in themed housing reported significant benefits. 

Courtney, Paula and Heather supported that living in the engineering residence 

halls or on an engineering floor helped them build relationships with other engineering 

students, fostering a sense of community and camaraderie.  As an example, Courtney and 

Paula discussed how it was helpful that the other students in her residence hall and on her 

floor had the same exams during the same timeframes.  Being able to study together 

helped them bond and also forming these relationships early in their major helped them 

persist.  They all worked hard and witnessed one another working hard to successfully 

complete engineering degrees, building capital in a sense.  Courtney said: 
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For support, with my group of friends and roommates, we had a pretty close  
group of people and they were all my neighbors in my freshman dorm.  Our wing 
of the dorm was all engineering, so we all worked together and had a lot of 
courses together.  Those of us that were chemical engineers obviously were in the 
same classes for the next three years after freshman year too.  We stayed up all 
night studying together and had fun together on the weekends.  I think that was 
probably what got us through.  It helped to see other people around you who were 
always studying and who were just as frustrated and struggled just as much on 
their homework as you did.  Basically, having people around you who can relate 
to the same stresses you’re going through – that definitely helped.   

 
Concurring with Courtney, Paula also lived on campus in a residence hall dedicated to 

housing engineering students and she also lived on an engineering floor.  She mentioned 

how living with other students particularly during her first year in college helped her 

become a successful engineering student.  Paula said:  

Living in the same space that first year on campus with other engineering students 
who were all studying for the physics test at the same time or knew the homework 
assignment if I didn’t, was huge.  We were all right there together for all of it, so I 
think that is a big contributing factor.  
 

Aligning with Courtney and Paula’s sentiments, Heather also noted how helpful it was to 

live in a residence hall that housed mainly engineering students.  Heather discussed how 

her university offered free tutoring services to engineering students in the basement of 

her residence hall and that made it convenient for her to ask for help on homework 

problems when she needed assistance.  About living on-campus and specifically in a 

residence hall with other engineering students, Heather said: 

As a freshman, living on campus was very helpful.  I was in an all-girls dorm and 
I was very fortunate with the roommate I had and with my hall mates.  Living on 
campus, I took advantage of tutorial services in my dorm and formed study 
groups, which was really great.  
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Although Olive could have lived at home throughout her time as an undergraduate 

student, her parents felt it was important for her to live on campus.  Olive did not live 

with other engineers or in an engineering-centered residence hall but she did speak to the 

benefit of living on campus (in general) during our first interview.  She said: 

Even though my school was less than half an hour away from family, I lived on 
campus.  The reason I did live on campus was so I could study.  Both of my 
parents wanted to make sure I was able to focus and do what I needed to do, 
rather than live at home even if living at home was an option and we would have 
saved money. 
 

 Given the interesting data presented by participants regarding the females who 

lived on campus and lived in residence halls or floors dedicated to their academic major, 

the idea that there need to be more opportunities for females to live in residence halls 

focused on engineering will be explored in further detail in Chapter 7 when policy 

recommendations are made.   

Women in the sample for this study experienced residence life to impact their 

emotional and academic selves.  Having a support network with engineering roommates 

or with other engineering students within the dorm impacted how alumnae studied for 

exams and formed study groups.  Overall, living on campus even if it was in a non-

engineering residence hall impacted one participant’s study habits and academic life.  

Although, it is important to note that many participants in my sample did not experience 

residence life in this way. 

 Student support services on campus were also discussed, including the impact of 

engineering career services and academic advising.  Taking advantage of engineering 

career services workshops and networking opportunities provided participants with 
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knowledge on how to navigate the job search.  Additionally, one participant who attended 

a university with more than 50,000 students enrolled benefited from the relationship she 

formed with an academic advisor within her smaller engineering college.   

Student Services 

 Student services including career services and academic advising are available on 

college campuses for students.  Of the four participants who remarked on how career 

services and/or academic advising impacted them on campus, these participants 

expressed how helpful in particular engineering career services on their campus was.  

Surprising to me as a former academic advisor, only one participant noted how helpful 

her academic advisor was in contributing to her graduation in four years with an 

engineering degree.  Additionally, one participant shared how she utilized other services 

related to security on campus to help her feel comfortable.   

Four participants reflected on the services that were available to them when they 

were undergraduate students and also they discussed which services they utilized as 

students.    Gabby, Ivi, Paula and Amy mentioned how helpful the engineering career 

center was for them when they were students.  Gabby discussed the workshops the staff 

gave to first-year engineering students which helped them to understand the difference 

between different engineering disciplines.  These workshops were particularly helpful for 

Gabby when she decided to switch from biomedical engineering to industrial engineering 

because of her dislike of chemistry.  Also, Gabby reflected on how other workshops 

geared toward finding a job and interviewing benefitted her and other engineering 

students.  About this, she said: 
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They had these little workshops: Interviewing skills; putting together resumes; 
what kind of wardrobe you need to wear for an interview; and how to be 
presenting yourself.  I always made good use of the resources like these that were 
provided by the career resource center.  
 

Because of her involvement with the career center on campus, Gabby said that she had 

between fifteen and twenty job offers from different companies when she graduated from 

college.  She continued by saying “I think tapping into those resources at the career 

resource center was what helped me the most.”  Concurring with Gabby, Ivi also shared 

that she found out about engineering job opportunities, internships and co-ops because of 

the engineering career services office on her university campus.  Additionally, Paula 

remarked on how companies frequented her campus and the engineering career center to 

recruit undergraduate engineering students for internships.  She also said that back in the 

1990s, companies often were present on campus building relationships with engineering 

students in informal ways.  

 Aside from how engineering career services offered a beneficial service to 

engineering students on college campuses, Joy discussed how the academic advisor she 

was assigned to within her engineering department was very supportive and helpful.  Joy 

took advantage of internships and co-ops while she was an undergraduate student and 

many times engineering students required more than four-years to graduate from college 

because they left campus repeatedly to do internships or co-ops.  Because of her 

academic advisor and the detailed and careful planning they did during their advising 

sessions, Joy said she was able to graduate in four-years.  About that, she said: 
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In terms of graduating in four years, I’d say my advisor was a lot of help with that 
because she helped me figure out the times in my schedule and if I needed to 
change my classes around while doing that and still meeting my goals in four 
years.  She was a big help.  
 

Joy also talked in length about the relationship and connection she had with her academic 

advisor and how they continue to stay in touch after she graduated from college.   

 Olive mentioned how she studied at the library and how she often studied late into 

the night.  She enjoyed studying at the library because she was able to “focus in a safe 

environment.”  What’s more, she felt comfortable studying at the library because she 

knew she could call the campus police to pick her up from the library and take her back 

to her residence hall, keeping her safe from potential late night harm.  Olive said: “The 

campus police were really nice to have because when I was studying late at night, I could 

call them and get a ride and didn’t have to stress about safety.”  

 Given how alumnae mentioned the benefit of engineering career services and 

detailed how they learned how to interview or find jobs, engineering career services made 

an impact on the lives of several alumnae.  Between helping them learn how to interview, 

learn the difference between engineering disciplines, or in helping them find co-ops, 

career services offices on college campuses have the potential to help engineering 

students.  Additionally, the relationship between engineering students and academic 

advisors can impact how many years it takes a student to graduate if a student wanted to 

do several co-ops and graduate in four years.   

 Family impact was also discussed regarding the level of emotional encouragement 

and/or financial support participants received while they were in engineering majors.  
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Fourteen participants indicated how family support mattered while they pursued an 

engineering degree. 

Family Encouragement and/or Financial Support 

Participants said family members impacted their ability to pursue an engineering 

major in college.  Fourteen out of fifteen participants discussed how their parents 

exhibited support either emotionally or financially, or both, as they persisted through 

college.  (Only Margaret said that she did not feel supported in either way by her family.) 

Financially, Ivi and Denise indicated that their parents paid for their entire college 

education.  Ivi said that her parents saved their money to pay for college and for 

boarding, buying a condo for her and her sisters off-campus to live in, since they all 

attended the same university.  Ivi’s parents also did not want her to work during college, 

because they considered “a major in engineering to be my job”.  Denise’s parents paid for 

college as well, and having her father on campus provided additional emotional support.  

She wanted to make her father proud, because he was her father but also because he was 

a faculty member and she was a student in his department.  Denise remembered her 

parents saying “we will support you financially 100%, if you stay in school and work 

your hardest.”  Heather’s parents also paid for 100% for college and she knew from an 

early age that the responsibility of “paying for college was not my cross to bear”.  Naomi 

also shared how her parents were her biggest influences and also that she did not have to 

worry about money because of their financial help.  Leslie’s parents also paid for her 

college education, but as soon as she was able to, she began paying for her own education 

because she wanted to contribute and be independent.  Like Leslie, Olive’s parents paid 
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for as much as they could.  Once Olive graduated and got a job, she paid back her parents 

in full so her younger siblings could attend college too.  She said it was important for her 

to pay her parents back.  Additionally, participant Margaret’s mother also helped pay for 

her college education. 

Ivi remarked on how emotionally supportive her family was and how if her 

parents knew she had a busy week, they “left me alone and made sure not to bother me.”  

Heather mentioned how her mother would visit her at college and take her shopping and 

how she would send her gift baskets.  Like Ivi, if Heather’s parents knew she was having 

a busy week or if it was time for exams, they did not call her that week to give her space.  

Courtney also felt supported by her family and understood how much they valued 

education.  In terms of support, Olive lived on her college campus but it was not very far 

from where her family farm was, and she said her mother would:  

Just happen to be in the area at least twice a month and she would check in on me  
and slip me a $20, or $30, or $40, and take me out to lunch and I could invite my  
friends. I think that was so she could see who my friends were!   
 

Emma felt supported by her parents also, noticing that they always provided her with a 

quiet place to study when she was home.  Joy remembered how hard the curriculum was 

and how her parents visited her at college, took her out to lunch, and how had crying 

breakdowns.  To soothe her, Joy’s parents told her “it will be okay” and “to stay 

focused.”  Denise’s parents also provided her with support, helping to motivate her and 

guide her when school was challenging.  Additionally, Gabby’s parents provided her with 

emotional support and they were always honest with her about how much college would 

cost and about how they couldn’t provide much financial help, although they gave what 
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they could.  Gabby reflected on how she was admitted into an Ivy League school, but she 

knew she could not enroll there because of the cost of it and her international student 

status.  Her parents helped her to understand that it did not matter where she attended 

college as much as it mattered that she put in effort and work hard and have passion.   

Aside from the support participants had from their parents while they were 

college students, participants also discussed how they were involved during their 

undergraduate education.  As previously mentioned, the rigor of engineering coursework 

interfered with the level of co-curricular involvement alumnae participated in but 

participants did what they could do, even if it was sometimes in a limited capacity.  The 

amount and type of co-curricular involvement participants reported varied but participant 

reflections cited co-curricular involvement  (particularly co-ops) as beneficial, providing 

confirmation of both of the theoretical frameworks selected to guide this study – Astin’s 

(1985; 1993) I-E-O Model and Astin’s (1999) Student Involvement Theory.   

Student Involvement during College 

 Participants reflected on their involvement during college and how involvement 

helped to motivate them to finish their degree, helped renew their interest in engineering, 

and help them understand how the concepts they were learning in class could be applied 

to a job in engineering.  Participants that did not do internships or co-ops discussed how 

they worked at jobs unrelated to engineering, which distracted them from their 

coursework. (The exception to that is Leslie, who benefitted from an off-campus job that 

was related to engineering.)   



  	  

	   171	  

Participants also discussed what co-curricular activities they were involved in, 

which include engineering and non-engineering related clubs and organizations.  For the 

non-engineering related clubs and organizations, participants remarked on how they took 

their minds off of engineering while participating in these activities. Although most 

participants interned or worked as a co-op, this section highlights participant comments 

that support the major themes that emerged during interviews.   

Internships, Co-ops and Engineering-Related Jobs 

Defined in Chapter 2, internship experiences vary and are often not major-

specific.  Also, internships are paid or unpaid, full-time or part-time, and they are 

conducted for one semester, over a summer, or during longer periods of time.  Co-ops 

offer students the opportunity to connect coursework with work as they experience the 

industry reflective of their major.  Often, coops require students to alternate between 

semesters at college taking coursework and semesters where work is the primary focus 

(http://careerservices.evansville.edu/employers/internshipsandcooperativeeducation/).  In 

this section, three participants of fifteen remarked on how their dedication to engineering 

was profoundly impacted by their co-op or internship experiences.  For an example, 

Leslie had a part-time job (not a co-op) at an engineering company and this job supported 

her choice to major in civil engineering.  Conversely, two participants reflected on how 

their non-engineering part-time jobs interfered with their trajectory by distracting them 

with unrelated job requirements and details. 

Paula and Olive highlighted how their co-op experience helped them renew their 

motivation about pursuing an engineering major.  Paula remarked on how she worked as 
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a co-op several times as an undergraduate engineering student.  The first co-op job she 

had was not the right match for her and she described it as being “awful”.  But the second 

and third co-op experiences she described as being more of a match for her.  Paula said 

“the co-ops kept me moving forward and the co-op program and the work definitely 

helped me see the light at the end of the tunnel.”  Olive concurred by sharing that she was 

losing focus during her sophomore year and was not doing well academically.  She said: 

I really wasn’t doing well sophomore year. I was getting C’s.  I just wasn’t 
focused.  I decided to do a co-op and that was the best thing for me.  I did a co-op 
the summer between sophomore and junior year and my first semester of junior 
year.  That totally changed my thinking about engineering in a positive way 
because I realized what I’m going to be doing (as an engineer) and how I am 
going to be applying school.  Then, when I came back to campus, it was pretty 
much all A’s after that.  I got all sorted out and was focused and happy.  The thing 
that really helped me to finish that degree was doing that co-op.  

 
Because of her co-op experience, Olive got back on track and regained her focus when 

she returned as a student.  

 Although she said she “never lost focus” during her undergraduate years, Bonnie 

discussed how exciting it was to apply concepts she learned in the classroom to projects 

she worked on through a research internship.  She applied for and was accepted to a 

program led by an engineering professor.  She said she worked closely with the lead 

professor and also got to work on engineering projects while earning money, helping her 

pay for school.  Also because of this internship, Bonnie did not have to seek out other 

paid work that was unrelated to engineering because she earned enough through the 

research internship.  What’s more, this experience impacted her to consider graduate 

school.  She said: “It was through this that I was encouraged to pursue a higher degree 
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and the professors and students that were a part of this were inspiring.”  In agreement, 

Amy discussed how she had an internship during the summer before her senior year of 

college and how that impacted her and renewed her resolve to pursue engineering as a 

career after graduating.  She said: “After that engineering internship, I was like yep, this 

is where I want to be.”   

 Aside from co-op and internship experiences, Leslie spoke about an off-campus 

job that she held for several years at a forensic engineering firm close to her university 

campus.  Although this job was neither an internship nor a co-op, Leslie felt this 

experience impacted her as if it were.  It was a small company and the six employees 

including her boss had broad job descriptions.  She was hired to assist the engineers and 

had the opportunity to do engineering-related work.  Renewing her resolve in obtaining 

an engineering degree, Leslie saw how the material she learned in class informed a job in 

engineering.  About her experience, she said: “ Just being around engineers and seeing 

what they do was helpful.  I did some field visits and drawings and some calculations.  

They wanted civil engineers specifically.  They wanted me to go look at foundations so I 

got to do that and I was fortunate.”  Leslie also remarked on how this job afforded her the 

opportunity to pay for her living expenses and to alleviate her parents of this obligation.   

 Ivi remarked on how she sought out a job at an off-campus restaurant because she 

wanted to be a hostess.  Her sister was a hostess at a restaurant when Ivi was in college 

and it seemed fun to her.  She talked about how distracting it was to work in a job 

unrelated to engineering and how distracting it was for her to work at all because of her 

rigorous major.  She said: “I started out thinking it would be fine and it was only a couple 
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of days into the training and they were ‘like you are going to have to memorize this stuff’ 

and I just got nervous and backed out.  I thought, you know, I am busy and I don’t know 

how much of a commitment I am willing to make.”  Finding a job that was related to 

engineering proved as a more sustainable choice for Ivi.  After quitting her restaurant job, 

she worked in the engineering department at her university helping with administrative 

and computer maintenance.  This job also paid for her tuition for two semesters.   

 Furthering what Ivi said about how holding a job unrelated to engineering was 

distracting, Gabby discussed how her graduation was delayed by two years because she 

had to work off-campus at a job unrelated to engineering.  Not able to be paid for an 

internship or co-op due to her immigration status, Gabby found work off-campus in the 

community.  Gabby needed to “make money and pay for tuition and the apartment and 

books” but did not qualify for financial aid or scholarships.  She said she worked between 

forty and fifty hours per week and “had to stretch school out a little bit just because of the 

workload and some semesters I just couldn’t take a full load of classes because of work – 

and it was hard.” 

 Internships, co-ops and engineering-related jobs impacted participants when they 

were engineering students.  Overwhelmingly, being able to connect coursework with real 

world practice in industry motivated alumnae who did co-ops and co-ops renewed their 

interest in engineering for when they returned to campus.  Conversely, jobs unrelated to 

engineering distracted from time needed for studying, for working on engineering 

homework problems and ultimately delayed an on-time graduation for one participant.   
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Co-curricular involvement with activities and organizations is discussed in what 

follows.  Participants discussed their involvement in engineering and non-engineering 

related activities on campus.  Engineering specific clubs helped engineering students 

interact with like-minded peers and non-engineering related organizations provided 

alumnae an outlet to take a break from engineering.  A discussion about the benefits or 

drawbacks of gender-based organizations provided polarizing opinions expressed by 

participants.   

Co-Curricular Activities and Student Organizations 

 Alumnae also reflected on their involvement in co-curricular activities and student 

organizations as an undergraduate student.  They discussed how involvement impacted 

their experience as an undergraduate student and also as an engineering student.  Several 

participants were in female gender specific organizations like Women in Engineering or 

Society of Women Engineers and their experiences are highlighted in this section.  Three 

participants expressed dislike for organizations on their alma mater campus that 

segregated engineering clubs or organizations based on gender.   

 Amy reflected on how her involvement with an aerospace engineering 

organization geared toward helping female students offered her emotional support and 

fostered camaraderie between she and other female aerospace students.  Amy talked in 

length about the impact of this organization on her personally and academically.  About 

this organization, she said:  
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I became close friends with the women that were in that organization and through 
that, we figured out who was in what class and when and we also studied 
together.  We went through the same challenges, the same hard times, and the 
same stressful finals and really built a support group.  I didn’t feel alone.  This 
organization was the best thing for me and it really helped me get through.  
Everyone tried to help each other and when someone was down, we were all like 
‘come on, you can do this!’ or ‘it’s just one more exam and then we’re done!’.  
Everyone struggles with one class at some point in time so I think just having 
them there helped, especially if there was someone from the organization that had 
already taken a class and they could say ‘that professor, you need to watch out!’ 
and also, we knew if they could do it, we could too.  Just that whole support group 
was awesome. 

 
Additionally, she remarked on how she was a member of and held a leadership position 

in the Society of Women Engineers.  Also commenting on another organization she was 

involved in as an undergraduate student, Amy said she appreciated how the Women in 

Engineering program on her campus provided a lot of opportunities for female 

engineering students.   

Naomi also mentioned how beneficial the Women in Engineering program was  

for her.  Other than her parents support, Naomi attributed Women in Engineering as 

being the “second biggest factor in my success” when she was a student.  She said she 

felt a “huge sense of community and there was a lot of support” with the Women in 

Engineering program and with one Women in Engineering staff member in particular.  

Speaking to the importance of having organizations like Women in Engineering available 

to engineering students, she said these organizations provide “a smaller community 

within a larger community.”  Karen concurred by saying that she was involved with 

Women in Engineering and enjoyed working with them to plan fun events.  About that, 

Karen mentioned how she “encouraged girls in college to get involved because it was a 
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great support system of people who are girls going through similar experiences.”  She 

mentioned how some female engineering students felt that Women in Engineering 

programs were “like cheerleaders”, but that she appreciated the group to network and 

“make connections with other women in the industry to get you your first job.”   

 Leslie, Bonnie, and Heather hold dissenting opinions about the benefits of 

Women in Engineering and other female gendered organizations like Society of Women 

Engineers.  Leslie commented on how she felt organizations like these annoyed her 

deeply.  She said: 

My honest reaction is that those things annoy the hell out of me.  I wish women 
would not congregate as a group but just be disseminated throughout all of the 
other organizations.  Instead of ‘let’s band together and be women together’, how 
about ‘we’re all engineers, let’s not talk about it, let’s just do it!’.  That’s how you 
change things.  When I get WEP emails, even still, I’m like “delete!”   
 

Agreeing with Leslie, Bonnie remarked on how female-centric organizations seemed 

“like a sorority and I reject anything remotely like a sorority.”  She conceded that she saw 

Women in Engineering and groups like it “seem supportive and they did a lot around 

campus”, however it never appealed to her enough to participate.  Like Leslie and 

Bonnie, Heather stated how programs like this can be beneficial for first-year students but 

her perspective as an alumna is “I don’t need to join a group that says: ‘Hey, I want to be 

equal’ because I am equal.”  (All single-gender and co-ed organizations discussed by 

participants and the frequency of participant involvement is evident in Table 3.  Note that  

Participants’ indicated an overlap in involvement in multiple co-curricular activities.) 
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Table 3:  Alumnae Involvement in Clubs and Organizations 
 

 
Courtney commented on co-curricular involvement outside of engineering, in  

 
addition to her experience with engineering related organizations.  She said: “Even with  
 
all of the rigors of academics, I still managed to have a lot of fun and do a lot of things  
 
outside of class.”  As an undergraduate student, Courtney was in a dance group, took  
 
violin lessons and fenced, along with participating in an adventure club.  Allowing  
 
herself a break from engineering, Paula also participated in non-engineering activities on  
 
campus, like intramural sports.  She said:  
 

I played intramural sports. It gives you a break. It was definitely a break. It gave 
me connections to campus to be able to see what else was out there.  And then the 
support network too – you know, to complain with people and commiserate. 

Frequency Participation in Organization 
5 WEP – Women in Engineering program 
4 SWE – Society of Women Engineers 
4 Various Engineering Honors Societies 
2 IEEE – Institute of Electrical & Electronics Engineers 
1 Female aerospace student organization 
1 AIChE – The American Institute of Chemical Engineering 
1 NSBE – National Society of Black Engineers 
1 ASCE - American Society of Civil Engineers 
1 SHPE – Society of Hispanic Professional Engineers 
1 SPE – Society for Petroleum Engineers 
1 SEEK – The Univ. of Texas at Austin’s Student Engineers Educating Kids 
1 ASME – American Society of Mechanical Engineers 
1 AADE – American Association of Drilling Engineers 
1 Political party club 
1 Pep Squad club 
1 Engineering outreach to community children 
1 Greek Life (Sorority and/or Service Fraternity) 
1 Florida Engineering Society 
1 Engineering College Council 
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Like Courtney and Paula, Heather was also involved in co-curricular activities that were 

unrelated to engineering.  She was a member of a pep squad on campus and lamented on 

how she was unable to attend all of the events this group held because of how time 

consuming her coursework was.  In another example, Karen mentioned how she studied 

abroad during the summer between sophomore and junior year and did not focus on 

engineering during that time, providing her an enriching experience and a hiatus.   

 Alumnae involvement in co-curricular activities and many participants were 

involved in more than one activity was the norm in this study.  The value of female-

focused organizations is detailed and in opposition, the lack of value of female-focused 

organizations is also detailed.  For many women who were involved in programs like 

Women in Engineering or Society of Women Engineers, these organizations provided 

support, networking opportunities and valuable interactions with peers, colleagues and 

employers.  For alumnae in this study that were not interested in any involvement in 

female-specific organizations, negative impressions were iterated that prevented them 

from becoming involved.   

 The argument is posited: Do female gender-specific organizations offer a space 

for (underrepresented) female engineers to connect with other female engineers, 

segregating them in a healthy way and providing validation?  Or, do female gender-

specific organizations provide a means for women to segregate themselves, impacting 

opportunities that could be focused on integrating with male peers?  Reminiscent of 

statistics provided in Chapter 1, more males than females work in the engineering 

industry.  Should women avoid groups like Women in Engineering and focus on building 
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comfort around male engineering peers (and future coworkers)? From the data in this 

study, polarizing opinions emerged regarding the benefits or harm done by female 

gender-specific organizations like Women in Engineering programs.  Using the lens of 

Astin’s (1999) Student Involvement Theory, involving oneself in any co-curricular 

activity (input) should offer benefits of enhanced engagement on campus for students 

(output).  However, considering how females often experience a chilly classroom (Hall & 

Sandler, 1982) and how stressful it is to feel marginalized or out of place on campus, 

participating in a larger female-only groups might be a way to foster relationships, build 

confidence and form allies (Reddick & Saenz, 2012).  

Participants also reflected on what character traits helped them be successful 

engineering students.  Participants discussed how and why they were successful in 

persisting through the curriculum to graduation, despite their underrepresentation. 

Personality Traits of Successful Engineering Students 

 All alumnae identified certain character traits that they felt helped them succeed 

in an engineering major.  Several traits that alumnae identified as helping them get 

through the major were identified, including: 

• Self-determination / Takes initiative  
• Likes academic challenges and hard classes 
• Shows up to college campus with a plan  
• Has confidence in math and science aptitude 
• Has comfort level around males 

 
In the following themes, each self-identified trait is discussed in detail along with how 

participants felt these traits impacted them.  I was impressed with participants’ ability and 

willingness to talk in such a forthcoming way about their own strengths.    
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Self-Determination / Takes Initiative  

 In order to be a good engineering student, many participants said they needed to 

be self-determined.  In an example of self-determination, Margaret said she considered 

herself a rebel in many ways, saying:  

I think I am just a very determined person and I get even more determined when 
someone thinks I can’t do something.  For me, that’s probably an influential 
factor.  If somebody tells me that I can’t do something or thinks that I can’t do 
something, I guarantee you that I will prove them wrong. And I do recall thinking 
engineering is something I can do, even though it’s mostly dominated by males.  I 
felt that I could prove people wrong and do it.  I wouldn’t say that (gender 
underrepresentation) was the main factor, but I would say that when I thought 
about engineering and about what my role as a female was, I felt that it was 
something that I could conquer or achieve, even though the odds were apparently 
against me. 
 

Like Margaret, Leslie shared that she was also very self-determined.  What’s more, Leslie 

did not like being categorized as a “female engineer” and did not appreciate it when 

people underestimated her abilities because of her gender.  She did not want to study in 

groups, like most engineering students did, and she wondered if her life as an engineering 

student was harder because of that decision.  Leslie preferred to learn on her own, saying 

“when you learn it (course material) on your own, you really know it and it’s not like you 

kind of get it, like if someone else helps you learn it, but there were a whole slew of 

things that I never got, so it was really hard.”  Concurring with Leslie, Denise enjoyed 

challenging herself and gave herself credit for her own “determination and perseverance.”   

Bonnie, Ivi, and Olive also spoke about taking initiative, even more than about 

self-determination.  Bonnie said she was driven academically because she wanted to be 

admitted into an engineering honors society like Tau Beta Pi.  She said it became very 
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important to her to become a part of an engineering honor society.  Indicating it was the 

mission of every engineering student to be accepted into this elite group, she said she was 

proud of herself when she was admitted and she valued her experience with the society.  

Also, Bonnie mentioned how in her first year, she remembered attending engineering 

classes with other female students but these women changed their major from 

engineering to something else.  Bonnie did not understand why engineering students 

switched from an engineering major to another major.  She said: “If I start something, I 

stick with it.  I couldn’t comprehend it.”  

Like Bonnie, Ivi discussed her drive her self-determination and about her drive to 

succeed and achieve.  She said she liked “pushing myself, just to see what I can 

accomplish or to feel that sense of pride and accomplishment after doing well on 

something that is supposed to be hard.”  Agreeing with Ivi, Olive also said she was driven 

to accomplish and achieve.  Olive felt a sense of duty to be successful, armed with the 

knowledge that it was difficult for her parents to pay for college and she had younger 

siblings who wanted to attend one day.  She said: 

I knew I was going to go into a field where I could make money because that was 
critical to me.  I wanted to be able to pass on what my parents invested in me on 
top of the school loans that I had, because it was important to me that my brothers 
and sisters went to college.  Not that my parents asked for their money back, but I 
gave it to them anyway. 

 
Gabby and Naomi also shared how they took initiative when they had questions about 

coursework or when they needed extra support.  They were not shy about seeking out 

help.  Gabby said individuals need to “ask questions and probe” and individuals “need to 

be driven to get help and get the support.”  She continued by saying: “I always say to 
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everybody I come across – to girls I always say that opportunities are there for the taker 

and you know, not everybody takes advantage of what they have.”  When she needed 

help or saw an opportunity, Gabby sought it out and was unafraid of the challenge.  

Naomi concurred with Gabby’s sentiments by saying she sought out opportunities and 

approached professors.  Speaking about how she took initiative as a student, she said: 

“Even though my department was very small, I feel like if you weren’t a proactive 

student, you could slip through the cracks.  I was a lot more proactive when it came to 

seeking support.”   

 Participants discussed what traits they felt helped them be successful engineering 

students.  The sample was largely comprised of women who knew before beginning 

college that they had chosen a rigorous major.  Tying it back to previous sections about 

having a confidence in their math and science aptitude in addition to challenging 

themselves with extra or advance math and science coursework prior to college, 

participants for this study had similar personality traits.  They showed self-determination 

and took the initiative when they had questions or needed help.  Aside from self-

determination and taking the initiative, participants also mentioned how they were people 

who enjoyed academic challenges.  This discussed in further depth in the next theme. 

Likes Academic Challenges and Hard Classes 

 Being a successful engineer meant alumnae liked challenging academic 

coursework.  Like Bonnie alluded to, many females leaked out of the pipeline due to how 

frustrating or hard the engineering coursework was.  All of the alumnae in this study 

persevered through to graduation and fourteen out of fifteen (at some point in their 
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career) were in the engineering workforce. The following participants highlighted how 

much they enjoyed the challenge of hard classes.  Simply put, Karen said that “all 

engineering programs are hard and all of them are a lot of work, a lot of hours, and a lot 

of grief and a lot of worrying.”  In another example, Denise said more than once during 

our interviews that she enjoyed “working hard” and “getting the right answers.” She liked 

solving problems and felt a sense of accomplishment when she solved a problem.  

Similarly, Ivi discussed how her engineering coursework was difficult and she was 

surrounded by a lot of intelligent students in her engineering classes.  She remembered 

how she took a required psychology class in college and thought how easy it was in 

comparison to her engineering courses.  About this comparison, she said: 

The first engineering course I took was tough.  The first test, I totally bombed it, 
but the class average wasn’t too much higher (than my score).  It was tough 
knowing that I was below average on a test and I wasn’t the best.  I remember 
taking a child development psychology class in college and it was just ‘wow!’.  
Those students were studying really, really hard and the class average was still a 
70 or something.  It was just a different atmosphere! 
 

Karen also reflected on how hard engineering classes were and about how she enjoyed 

the challenge.  She said: 

Classes were frustrating at times because it’s all this new information and you 
don’t have any context but it was really interesting, really challenging.  Girls fell 
away though.  It was just me and that was cool.  The concepts, the content, the 
understanding of how things work was always cool.  

 
Like Karen, Bonnie enjoyed the coursework but she said she also enjoyed connecting to 

people who were smart like she was.  In high school, she said she felt odd but in college, 

she was “finally surrounded by a larger group of people like me – smart people who 
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enjoyed academic challenges.”  Bonnie continued by saying just how challenging the 

coursework was: 

It was very academically challenging, yeah.  I needed to study so I realized that I 
got to where I got because of studying.  And so it was just more intense in 
college.  I got little sleep – I mean, I literally studied day and night and slept 2 to 
3 hours.  That was my average.  I should say that was mostly during test time but 
it was intense.  The first few years were easy and the last two years were really 
intense. 
 

Courtney remarked similarly but focused more on discussing how “technically difficult” 

her major was at her particular alma mater.  She said that her university is “a really, really 

challenging engineering school that pride themselves on being able to weed people out of 

that program by making the first year – well, all the years – difficult.”  About enjoying 

this rigor, Courtney said she loved her experience as an engineering student at this 

difficult university.  She said: “Once I got into it, I really loved the courses.  I loved the 

programs.” 

  Participant Leslie summed up this section when she talked about how she liked 

seeking out the most challenging thing, even unrelated to engineering: 

I have a habit of choosing things on purpose that I think are harder.  When I took 
middle school language classes – there was French, Spanish, German – and 
everybody said “oh, German is the hardest,” so I took German.  When I took 
choir, they were like “soprano, alto – alto is harder because you’re not singing the 
melody”, so I became an alto.  I always do what people say is harder.  
Engineering? People said “it’s harder” so that was for me!  And it’s really hard 
for me, even still.  I’m not a natural but I’ve gotten better. 

 
 Enjoying difficult coursework or finding satisfaction in completing rigorous and  
 
challenging engineering assignments provided participants with a deeper respect for  
 
the engineering field.  Even though difficult assignments may have made them weary at  
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times, alumnae felt a sense of accomplishment when they grasped new material.   
 
Knowing that they had an aptitude for math and science may have helped participants  
 
stay motivated.   
 

Part of being successful as an engineering student meant participants showed up  
 
to college with a plan or with goals in mind, according to many alumnae.  This longer- 
 
term vision and planning ahead is discussed in further detail below. 
 
Shows up to College Campus with a Plan 

 When they were high school students, several participants like Leslie remembered 

having “an eye to the future” when they decided on pursuing an engineering major in 

college.  Leslie recalled how she wanted to contribute to society and not just build her 

resume, so she aimed in a direction – engineering – that would help her achieve her goals.  

Like Leslie, Joy discussed how she paid attention to how the engineering workforce was 

evolving while she was still a high school student.  Because she stayed abreast of articles 

that were published, she recognized how a wave of retiring petroleum engineers meant 

she could easily find employment upon graduating from college.  She said:  

I had already decided to major in engineering but there was a bunch of talk and 
articles about the age group of these engineers that were about to retire and how 
the field needed younger engineers.  And most of them were male.  I had already 
decided on engineering but that kind of reaffirmed the decision for me because 
there was a need. 
 

Also thinking ahead, Denise mentioned how she pursued engineering as a major even 

though she was unsure about pursuing a career in engineering.  She said: “The 

engineering degree was the ticket to the next step in my career or in my education.”  

Concurring with Denise, Paula knew that an engineering major could prepare her for any 
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job.  Ultimately, having a plan and aiming to achieve their goals were personality traits 

that participants identified as helping them succeed.    

 Having a plan and a long-term vision of why they wanted to become engineers 

helped certain participants stay engaged with coursework and look to their future careers 

as motivation.  Participants recognized that an engineering degree was valuable whether 

they wanted to pursue the engineering field or not upon graduation.   

 Part of being a successful engineering student meant participants had confidence 

knowing they had an aptitude for math and science and this confidence is explored in 

further detail. 

Has Confidence in Math and Science Aptitude 

Participants identified with having a level of confidence in math and science 

before they entered college.  Ivi remembered taking extra math and science classes in 

high school because she wanted to prepare herself to pursue engineering.  Speaking about 

confidence, she said: “A part of me always knew I could do it because I’m smart 

enough.”  What’s more, Ivi said her main reason for majoring in engineering was because 

“I am capable of doing it so I should do it.”  Like Ivi, Gabby said she was “dead set on 

engineering in the last year of high school because I was extremely good at math, at 

calculus and that kind of stuff.”  Like Ivi and Gabby, Bonnie reflected on how she has 

confidence in her aptitude.  She remarked on how she was not intimidated by males in 

math and science courses.  She said:  

I always competed with the boys, the smart boys, and they were competitive with  
me so I never thought I couldn’t do it.  I thought, well, I get better grades than the  
guys in my class did so I could do it.  They never intimidated me.  
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Also having a high level of confidence in her math and science aptitude, Heather talked 

about how she wanted to be a role model for young girls by pursuing engineering.  She 

wanted to show young girls how to be confident and pursue math and science.  About 

that, she said: 

Girls kind of grow up with this idea that they aren’t as good at math and science 
as men are, which I think then just puts this roadblock up in their heads so they 
don’t try.  I used to be more encouraging and say ‘well, you can do it too, if you 
want’ but girls don’t really buy into that.  They don’t believe that.  

 
 In this theme, participants indicated that having a high aptitude in math and  
 
science helped them feel connected to their major and it also helped participants stay in  
 
their major.  Armed with confidence, participants felt less intimidated by males in the  
 
classroom.  Expanding on the idea of having confidence in math and science, Heather and  
 
other participants such as Olive and Ivi discussed how she has always had a comfort level  
 
around males.  This phenomena is discussed in the next theme. 
 
Has Comfort Level Around Males 

 Being around males did not intimidate several participants and what’s more, 

certain participants preferred being around males rather than females.  This comfort level 

might have impacted their success in an engineering major, where females are largely an 

underrepresented population.  Offering examples of this phenomenon, three participants 

discussed their comfort level with men and offer insight into why they felt more 

comfortable around the opposite sex. 

Olive said she has always preferred being around men because “they are less  

emotional than women.”  She reflected back on high school and on college by stating:  
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Girls have always tended to be more emotional, cliquey – and I was never a part 
of cliques.  I don’t enjoy the aspect of women that is cliquey or catty.  I can’t 
stand that.  I absolutely hate it.  Even today, I find it is easier to communicate with 
men because they are more black, white, blunt, get it done, rather than talking 
about everything all the time! 
 

Furthering Olive’s point, Ivi said she either always enjoyed being around men or she was 

used to it, even though she grew up with four sisters.  She remembered there were a lot of 

males in her classes in high school and said “there were males everywhere but I liked it”.  

She continued by stating: “When you get a big group of women together, they are just so 

catty and just create so much extra drama.  Men are so much easier to be around.”  

What’s more, she mentioned how she tried to get involved with the Society of Women 

Engineers in college but said “there was just no real draw to it for me because it had too 

many girls in it!” 

 Reflecting on why she had a comfort level around men, Heather mentioned how 

she grew up with an older brother and that all of her neighbors kids’ were male.  She 

pointed out that she was never a tomboy and that she was “always very girly” but that 

most of her closest friends were men.  Unlike Olive and Ivi, Heather just reflected on 

how it mattered less to her to spend time with an equal amount of men and women.    

 One trait Emma mentioned that helped her be a successful engineering student 

was her ability to ignore discriminatory comments from male peers.  It was not so much 

that she had a comfort level around males, but she talked about not having a discomfort 

around them.  To this point, she said she kept a low profile and “there were plenty of frat 

boys in engineering and they could be obnoxious, but I just ignored them.”  She said she 

grew up with brothers and knew that if she wanted to get her work done, she had to “take 
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their comments with a grain of salt”, knowing that their comments were “intended as 

jokes.”  She remarked on how she “knew how to get along with guys or just knew how to 

stay out of their way.”  

 Participants recalled how they had either a comfort level around males or even 

preferred being around males rather than females.  Several participants shared their view 

that females tended to be more emotional, while males tended to be more straightforward.  

As a female in a major underrepresented by females, I infer that alumnae who felt more 

comfortable around males were impacted less often by negative interactions with male 

engineering students.   Transitioning from college reflections to career reflections, 

participants shared their observations and perceptions about being an engineer after 

graduating from college. 

Reflections on an Engineering Career 

 Participants across all engineering disciplines represented in this study share some 

commonalities but mostly, each of their job descriptions differed incredibly.  To provide 

examples, petroleum engineer Joy and civil engineer Leslie discussed their jobs as out in 

the field more than in an office setting.  As an aerospace engineer, Amy was often out in 

the field as well, monitoring unmanned space projects in development.  Other engineers 

like Bonnie work at a desk job while participant Paula no longer worked directly in the 

engineering industry.  (Paula currently directs a program at a university focused on 

empowering female college students as they pursue engineering as a major.)  Naomi 

talked about how she works with children in an effort to spark a STEM career interest in 

them.  Also worth noting is that Ivi quit her job between interviews 1 and 2 to become a 
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stay-at-home mother.  Additionally, Denise and Margaret were laid off from their 

companies between interviews 1 and 2.  Table 4 highlights the different careers of 

participants between February and March 2013 and it provides a reminder regarding 

which engineering discipline participants majored in. 

Table 4:  Participant Careers 
 
Name           Major          Field/Office/Lab Job        Related Field        Out of Workforce 
Amy            Aerospace   X 
Bonnie         Electrical         X 
Courtney Chemical                     X             
       & Biomedical 
Denise  Metallurgic              
  & Materials                                                                             X                                     
Emma  Aerospace  X 
Gabby  Industrial           X       
  & Systems 
Heather Mechanical  X    
Ivi  Electrical                  X 
Joy  Petroleum  X   
Karen  General  X 
Leslie  Civil   X 
Margaret Electrical       X 
Naomi  Biomedical         X   
Olive  Electrical  X 
Paula  Chemical         X 
 
Self-identifies as a Role Model 

In their professional lives as engineering, seven out of fifteen participants viewed 

themselves as role models to other female engineers and to engineering students.  Both 

Karen and Emma said they were role models to others because they worked diligently at 

their jobs and their detail-oriented work provided an example for others.  Denise echoed 
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Karen and Emma’s sentiment by saying she also worked diligently and produced detail-

oriented work, providing a good model for others at work.  Bonnie said she is a role 

model at work because she is the only female in her group.  She reflected on how she felt 

good about her contributions and level of effort on projects.  Denise also remarked on 

how she is a role model at work and also at home, for her daughters. She said: 

I feel like I am a role model for my kids.  That’s another reason why I want to  
continue working because I want to show my girls that you can have both (a job  
and be a mom).  I wish there were more opportunities for women to balance these  
two roles.  

 
Denise disclosed that she continued to work full-time while raising them with her 

husband.  Because of that, she felt she provided her daughters with an example of a 

strong female who had a profession and her daughters witnessed their mother be hard 

working.   

Amy said she felt she was a role model to other female engineers and to college 

interns because she had “a lot of ups and downs in college, so I feel like I can relate to a 

lot of the challenges that women are going through with the engineering major.”  

Concurring with Amy’s point, Courtney said she is a role model to co-ops, interns and 

new hires at work.  Saying that female colleagues ask her questions at work or ask for 

recommendations on how to formulate presentations, Courtney felt looked up to and 

approachable or accessible.  Paula felt that she was a role model because of all of the 

ways she contributed to engineering, including: Working full-time; publishing books; 

traveling to make presentations at conferences; and, starting her own company.   
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In regards to resiliency and in being a role model for female engineers that were 

not born in the U.S., Gabby said she was a role model for working hard and becoming 

successful in her field.  Similarly, Margaret felt she was a role model but only to female 

engineers who grew up in lower-income families or to families that never stressed the 

importance of education.   

Participants identified as being a role model to others more than as having a role 

model for themselves in their career.  Being a role model to others at work and at home 

provided participants satisfaction and pride.  Being the example of a hard worker and a 

detail-oriented employee also helped participants view themselves as role models to 

others.  A distinction is made between role modeling and mentorship.  Being a role model 

meant participants felt they were an example for others because of how they successfully 

navigating their career.  Mentorship in the workplace was largely described as 

relationships or informal interactions between colleagues.  Although more formal 

mentorship programs were discussed, participants cited informal mentorships as more 

meaningful and less contrived.   

Professional Mentorship 
 
 Literature suggests that mentoring matters (see, for example, Reddick, 2007) and 

therefore it could be inferred that mentoring underrepresented populations in the 

engineering industry (like women) could provide some benefit.  In this study, participants 

described their workplaces providing different degrees of mentorship.  If mentorship  

existed at their workplace, it was largely informal and the label of mentor might not be a 

word participants chose to describe the relationship. (Mentorship at work, if it existed at 
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all, included interactions between senior junior colleagues where the senior colleague 

answered questions the junior colleague posited as questions arose.)  

 During interviews 1 and 2, it became clear that the definition of role model and 

mentor meant different things for participants.  For example, the term mentor referred 

more to a relationship, meaning there were shared interactions. In regards to the term role 

model, a relationship between two individuals did not necessarily exist. As a reminder, 

electrical engineer Bonnie merely saw a Latina engineer that came to her high school on 

a career day and that person became a role model for her. Bonnie did not interact with 

this engineer at all but this person impacted her despite any lack of interaction because 

she provided an example of a successful Latina professional engineer.   

 When I asked participants to share their experiences about mentorship at work 

without clarifying that I meant “what is your experience being mentored at work”, seven 

participants out of fifteen shared how they were mentors to others, without indicating that 

they had a mentor for themselves. For example, Courtney said she served as the mentor 

to several interns and co-ops at her workplace, but not in any formal capacity. Courtney 

said she reached out to new staff members to help them with any personal development 

questions they had or about “life in general, career, study abroad opportunities”, and she 

talked with them about their interest in pursuing graduate school. Amy echoed 

Courtney’s sentiments and also said she reached out to interns and co-ops to “provide 

guidance and open communication”.   

 Like Courtney and Amy, Gabby and Bonnie also recognized the importance of 

work-related mentoring relationships but did not expand on her own experience with it.  
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Naomi and Karen mentioned their former boss or manager as being a good person to ask 

career-related questions to, but these interactions were not formal. Emma shared that she 

had not had much experience with mentors at work but when she did have a mentoring 

relationship, it was informal and with a male colleague.  Confirming prior mentoring 

research referenced earlier, mentoring relationships do not require that the mentor and 

mentee share the same gender or even the same ethnicity or background. 

 Conversely, Karen said in her former company she was assigned a mentor but did 

not describe that relationship in detail during our interview. Denise said that “there have 

been off and on mentorship programs at (former company name) and they never last very 

long.”  Leslie also expressed that she had a formal mentoring relationship with her male 

boss, but since being promoted to his level, they interact as colleagues. What’s more, 

Both Olive and Paula recognize that there are no other top women in their workplace to 

act as a mentor to them so they do not have the option to be mentored. Lastly, Margaret 

expressed that she has never had a mentor. 

 In this theme, participants shared how they rarely were part of a mentoring 

relationship where they were not themselves in the mentor role.  Of the mentoring 

relationships where participants were mentored, interactions were largely informal 

although some less-effective formal mentor programs existed that did not last long.  

Having a role model as a primary or high school student (with an individual with whom 

they might not have ever interacted) appeared to matter more than informal mentoring 

relationships in the workplace and participants valued mentoring others at work to being 

mentored themselves. 



  	  

	   196	  

Aside from mentors at the workplace or lack there of, participants said having 

support at home helped them be successful in their careers.  Alumnae also detailed how 

having a supportive family or partner helped them be successful in their career. 

Having a Supportive Family / Partner 

 As a professional, four of the participants in this study have a partner who is also 

an engineer or is in a technical field related to engineering.  Courtney said her husband 

understands her on a deeper level and he understands her job.  She talked about how this 

was helpful because after a long day at work, her husband provided support.  Denise also 

talked noted how her husband who is an engineer understood the challenges she faced at 

work because he used to work at her company. In general, Denise expressed how great 

her husband was because he “is supportive, motivating, a safety net, and a helpful 

parent.”  Like Denise, Gabby’s husband is an engineer that works at her company and 

they met through work.  She noted how her husband keeps her motivated.  Because they 

work at the same company, they make sure to discuss work at work, not at home.  She 

said they used to work in the same building and now that they no longer do, they “have a 

little more distance and it’s nicer because we’re not running into each other all the time.”  

Similarly, Leslie is also married to an engineer, although she said they do not work at the 

same company.  She mentioned how she appreciated that her husband understands her 

job because he used to do this same job description.  She also talked about how he gives 

her career advice because he understands what the job requires of Leslie.    

 Olive, Paula and Amy discussed how supportive their families and extended 

families were of their careers.  Olive revealed how her work schedule is rigorous, 
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including frequent travel.  She discussed how it made sense for her to get an apartment 

closer to work, living apart from her family several days per week in order to be closer to 

her job.  About the support from her husband and extended family, she said: 

 I’m working my tail off and we’re all making sacrifices.  My mother-in-law  
moved in with us and she basically spent half of the last year helping us.  She’s  
happy doing it and thank god because I could not do my job.  I would have to quit  
or my husband would quit or we would have to get an au pair, because I need to  
have somebody I can trust and I will not deal with trying to find a babysitter every  
day.  My husband also has a very stressful job and he commutes and hour and a  
half in each direction.  I couldn’t live my life without him – he says, ‘oh, we will  
make this work’ and my mother says ‘we will make it work’.  I’ve talked to other  
women and when they have to travel, their husbands make a stink about it.  My  
husband has never once said anything like that to me.  My husband is wonderful  
and very strong. He has had a tremendous influence on me being successful.  
 

Also, Olive said she frequently asked her children for feedback, making sure they did not  
 
feel neglected or slighted.  Like Paula mentioned, Olive said she feels guilty particularly  
 
when she travels for work.   

 Paula remarked on how she was able to be a good mother to her kids because she 

has a helpful husband who partners with her.  She mentioned how her husband had a 

flexible job and how “he totally supports me in doing all of my crazy things that I go off 

and do for work.”  Additionally, Paula said she and her husband have extended family in 

town that offer her support in addition to helpful neighbors that she trusts.   

 Amy is unmarried and does not have children but reflected on how supportive her 

engineer boyfriend was of her career.  After graduating from college, they continued their 

relationship despite accepting jobs in different states.  She said they give each other 

support by not pressuring one another to give up their jobs to be in the same location. 
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 Because they felt understood by their engineering or technical husband, alumnae 

felt an extra layer of support and validation from their primary relationships.  Also, given 

how rigorous engineering careers are, having an understanding and supportive extended 

family impacted the sustainability of the family unit because of travel or long hours.   

In the next theme, participants detailed how thinking ahead helped them craft their career 

trajectory and how it also helped them feel successful at their jobs.   

Importance of Having a Career Plan and Long-Term Vision 

 Participants stressed the importance of emerging female engineers to have a 

career plan and a long-term vision for how they wanted their career to unfold.  Between 

overall recommendations and specifics  (for example, wearing appropriate dress at work), 

participants detailed a variety of suggestions about how having a plan helped them be 

successful.   

As Karen mentioned during our second interview, “pursuing a career starts before 

graduation.”  Karen stressed the importance of making connections with other engineers 

through networking and by doing internships or co-ops.  When hired, Karen mentioned 

how important it was for new engineers to find ways to release stress and to have outside 

goals.  Also providing recommendations, Heather recommended that female engineers 

remind themselves of how their job can help others and to recognize the greater 

application to their work, staying connected to the purpose of their position.  Without that 

connection or if the job is not a good fit, Bonnie, Gabby, and Ivi discussed how 

participants should change jobs.  Bonnie said: “Security drives us to stay but if we are 

unhappy, we should just change jobs.”  Gabby noted that many times, engineers switch 
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jobs within the same company to learn new things or to do something more interesting.  

Ivi concurred but also stated how she did not appreciate the choices her company was 

making in laying off smart, hard working people.  Witnessing these decisions helped her 

make her own decision – to quit.   

Part of having a career plan and a long-term vision included knowing how to 

behave in order to be successful at work, according to Leslie.  Given that her job requires 

her to visit power plants and to evaluate structures, she gave advice to engineers pursuing 

similar paths, by stating how important it is to fit in to the environment.  She said:  

 When you’re starting out, it’s really good to pay attention to how other people do  
things and really try to learn about the environment you’re going into.  You want 
people to trust you and you want to have credibility.  You need to understand their 
world and speak their language.  So, this intern who worked with me, I would just 
shake my head over him.  He came out to the power plant, which is a very butch 
place, but it’s not a hostile environment. They are very nice to everybody.  But, he 
came out dressed inadequately, with these small socks that he called ballerina 
socks.  And if you’re a woman, don’t go out there in a frilly blouse.  It’s about 
being practical.  A frilly blouse can get snagged on something or you’ll be cold or 
get coal dust on it and you’ll be sorry.  Wear something appropriate to your 
environment.  Like, if you’re sitting in a conference room applying lip gloss 
instead of looking at the drawings, that would not be a good thing.  

 
Like Leslie, Margaret said figuring out a way to fit in is important for women in 

engineering jobs.  One way to fit in is to learn more about the job and to pursue graduate 

school at night, according to Olive.  Olive stressed how every woman in engineering 

should get a job in a big company that reimburses employees for tuition.  She 

recommended that every woman return to school for a master’s degree in business or 

finance, if she one day wants to move up in the company and expand her career path.   
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Amy is at the beginning of her career in aerospace and mentioned during our 

interview how important it was for her to have an open mind and to be persistent.  She 

recognized that her niche is specific and the aerospace field is small, and said how 

important it is for aerospace engineers to network in order to meet their longer-term goals 

in their field.  She also said it was important to learn as much as she could early in her 

career, before she got married and had children.  Having perspective on how the career 

path will change after having a family, Joy agreed with Amy when she discussed learning 

a lot early on and doing “all the things you can do while you’re young, while it’s easy.” 

Denise also shared this viewpoint and mentioned: 

The thing about engineering is that most engineering industries, because they are  
male dominated, are not flexible and it’s hard to find that work-life balance that I  
think a woman needs as a mother.  I haven’t seen much flexibility, especially in  
the semiconductor industry.  I would advise women in engineering school to think  
about where they see their path going and to figure out a way to get a job with  
flexibility and to learn as much as you can early on, before having kids. 

Like Denise, Margaret shared how many obstacles there are for women in engineering 

careers.  She said women have to work hard to not feel isolated at work and that women 

need to love their work, or she feared that the obstacles would get in the way of the job.   

 When asked about a long-term career vision, many single alumnae or alumnae 

who are married without children expressed concerns about how they could continue 

working in engineering once their family status changed.  In an example, Karen 

mentioned how she is engaged to be married and does not have children yet.  She said 

how demanding her job was, leading her to cancel her gym membership because she 

never had time to go to the gym.  She said she did not know how children would fit into 
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her life but that she wanted to become a mother one day.  Karen said she often worked 

late evenings and on the weekends, bringing work home with her and she wondered how 

she could be a mother.  Given her long hours that include nights and weekends, Amy also 

wondered how she could have a marriage and children one day.  Like Karen, Naomi and 

Heather talked about how they want to become mothers.  While Naomi’s job is flexible, 

Heather expressed how she wants to find a job with flexibility so she can work part-time 

or have her baby at work with her.   

Olive lamented on how they felt challenged by long work hours and a lack of 

balance in their lives, unsure about how their current work status could continue long-

term.  Currently a wife and mother, Olive said she planned on quitting within the next 

three years because the pace of her job is not sustainable.  She said she is constantly 

stressed out, has trouble managing her responsibilities, and how she “doesn’t want to feel 

like I’m married to my job.”   

Participants discussed in length how being mindful of ways to fit in and assimilate 

into the company culture affected their experience at work.  Thinking ahead and about 

the larger culture helped inform certain participants about how to dress or behave. Having 

a vision of what their ultimate goal was at that job and for their lives impacted the 

choices they made.  Having perspective and a long-term vision mattered for either 

gender, as one participant detailed how a male dressed inappropriately for fieldwork.  

Several participants who wanted to become mothers one day discussed how they thought 

long-term about how having children would impact their careers.  What follows is a 
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theme on how essential it is for young girls to have early exposure to STEM, confirming 

prior data and also connecting to the larger body of literature.   

Early Exposure to STEM Disciplines is Critical 

Regarding the engineering field and a career in engineering, alumnae stressed the 

importance of early exposure for girls to science and math.  Different strategies were 

mentioned that participants of this study felt would help young girls become interested in 

engineering.  Also, participants felt strongly about how important it was to engage young 

girls in STEM curriculum at home and in the classroom.  Additionally, alumnae 

reiterated the importance of exposing girls to role models in their youth.   

Participants identified a variety of strategies in this section regarding how to 

effectively expose and engage young girls to engineering.  Denise stated quite simply 

“math and science can be fun and we have to help make math and science fun for kids.”   

Concurring with Denise, Karen stressed the importance of exposing children to 

engineering when they are little.  Karen recommended changing the message from “girls 

are supposed to be bad at math to girls can do it needs to be emphasized more and we 

need to silence negative comments with input from every direction.”  Also, Karen 

recommended that school staff show children photos of women scientists when the class 

is working on science curriculum.  Paula mentioned how parents and teachers need to 

stress how engineering is a helping field, in order to engage girls in STEM.  She stressed 

how by providing role models to girls in elementary school helped counter barriers and 

stereotypes about math and science.  What’s more, Paula identified 4th or 5th grade as 
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turning points for girls.  About girls becoming disinterested in math and science, she said: 

“You’re starting to see some of those differences begin to happen in 4th and 5th grade.”   

 In elementary school, Leslie recommended ways that parents could encourage 

girls.  She said: 

 I don’t know that our culture lends itself well to women doing physical tasks.  It  
seems like girls from a pretty young age are steered one way or the other.  I don’t 
know how often they’re invited to work on something with their hands outdoors.  
I think to understand how the world works, it really helps to do that.  Just 
knowing how things fit together, how they work, how materials feel or interact is 
huge.  I see little boys doing that a lot.  They are outdoors playing with trucks or 
working on cars or helping their dad in the garage and this is something girls 
really aren’t encouraged to do a whole lot.  It’s like speaking a foreign language 
and it’s a lot easier if you start early. 

 
Leslie continued by stating how she had compassion for parents who have a hard time  
 
interpreting their children’s engineering interest and it often manifested in how children  
 
played.  Leslie gave an example about when she was a child, she did not spend time 

dressing her dolls.  Currently a civil engineer, Leslie remembered spending time 

“elaborately setting up their habitat” and being more interested in the dollhouse than in 

the doll.  Concurring with Leslie’s sentiment, Naomi reflected generally on how essential 

it was for parents to interact with children in an encouraging way at home, when they 

expressed an interest.  She discussed early exposure by saying:  “Allowing them (kids) to 

have opportunities to not only interact with people entering careers in engineering, but 

also age appropriate activities for them to do to get a taste of what engineering involves.”   

Olive recommended that exposure to engineering occurred when students were in 

7th or 8th grade.  She said that having a good math teacher was essential for her when she 

was in middle school.  Once students are in high school, Gabby and Bonnie stressed the 



  	  

	   204	  

importance of high schools hosting career days, offering students a chance to hear from 

professionals that look like them.  Gabby talked about professional engineering societies 

visiting high school as a way to expose young women to engineering.  Bonnie reflected 

again on how she found a role model in a Latina NASA engineer during a career day 

when she was a high school student.  Karen said how important it was to have people to 

model her career after.  Joy agreed and said more recruiting needed to happen in the high 

schools and sending female engineers to high schools could influence students in 

selecting a career in engineering.  Paula agreed when she discussed the importance of 

role models for high school and college students.  She said: 

The more that kids can see people that look like them and they can hear about  
their experiences – I think everybody has these images of what’s a teacher, what’s 
a lawyer, what’s a doctor.  They see them on tv or they go to them in some form 
or fashion, but nobody sees engineers.  They don’t know what they do, so having 
role models share and having them look like them and having them come to their 
school, they might listen a little bit more if it’s somebody they can relate to. 
 

 By providing examples regarding how to engage young girls in STEM disciplines, 

participants offered suggestions that proved helpful for them as youth.  Strategies were 

highlighted that provided ways to engage young girls at home or at school.  Providing 

role models at school or in the community was mentioned as a powerful tool to help 

youth counter stereotypes about STEM. 

Conclusion 

 In the beginning of Chapter 6, participants provided insights and reflections on 

their college experiences.  The impact of student-faculty interactions – both negative and 

positive – formed a lasting impression on participants, confirming prior research about 
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how meaningful these interactions can be which is discussed in Chapter 2.  Some very 

negative reflections on how participants experienced male faculty bias emerged in the 

data however, other examples were provided that detailed encouraging and motivational 

interactions between students and male faculty.  Most accounts of female faculty were 

revealed as being not encouraging for female students however, examples were provided 

of positive student-faculty interactions between females.   

 Peer interactions were also discussed as providing support, encouragement and a 

healthy environment for alumnae.  The spirit of competition was rampant in engineering 

departments however competition was healthy and helped motivate students.  Alumnae 

did relay examples of racism, sexism and gender bias within the engineering department 

but mostly expressed support from peers.  Additionally, alumnae recognized that they 

were underrepresented but it was not overwhelmingly negative to be one of a few 

women.  Sometimes being a female minority in classes helped because professors had an 

easier time remembering their names, bolstering alumnae connection to the department.   

 Rigorous coursework and “suffering” through it was also a theme that emerged in 

the data.  Alumnae shared the burden of difficult homework assignments and worked 

together to get through it.  Aside from peer support, family encouragement and family 

(financial) support emerged as a code.  Alumnae knew when they had to study for exams 

that their family would give them space.  When parents provided financial support or 

incentives, participants studied hard and knew they did not have pressure to work to pay 

for school.   
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 Beginning to answer one of my research questions, co-curricular involvement 

offered alumnae an outlet to interact with non-engineers (intramurals). Involvement in 

engineering-related clubs and organizations provided networking opportunities and 

additional support for alumnae.  Co-ops in particular were profoundly meaningful in that 

they helped participants apply coursework to industry and they provided motivation for 

alumnae who were weary from the rigors of pursuing their major.   

 In the last theme related to college life, participants detailed which personality 

traits they possessed helped them successfully navigate an engineering major through to 

graduation.  Being self-determined and being able to take initiative meant participants 

asked faculty questions about material with less hesitation.  Liking a challenge also 

helped participants work through difficult material without losing confidence.  Having 

confidence in their ability to complete math and science tasks also helped alumnae 

persist.  Having a plan served participants well in giving them perspective and purpose 

about why they pursued engineering.  Expecting coursework to be difficult while having 

an awareness of their aptitude or ability meant participants did not change majors or give 

up on engineering when coursework got difficult.  Having a comfort level with males 

also helped participants because engineering majors are male-dominated.   

Data was also collected on what matters to professional engineers once in their 

career.  Participants of this study revealed details about how they viewed themselves as 

role models to others and how working hard and doing diligent, detail-oriented work 

provided newer employees an example of how to conduct themselves on the job.  

Providing mentorship also mattered to participants.  Alumnae indicated how they 
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proactively sought out coworkers who needed guidance because they related to how hard 

it was to transition into the industry. Informal mentorship experiences at work seemed to 

be more meaningful than contrived formal programs.  

 Having a supportive partner also impacted participants.  Having a partner 

(married or dating) who was also in a technical field seemed helpful.  A partner that 

understood the long work hours, the required sacrifices and how difficult the engineering 

profession was helped participants feel understood and supported on a profound level.  

When parenting, alumnae indicated how helpful it was to get support from their partner 

and also from extended family or neighbors because of time constraints from the job.  

Having a long-term vision at the beginning of their career helped participants plan for 

balanced lives.  Learning all they could about their job prior to having a family and even 

attending graduate school at night helped set participants up for when they expected to 

have competing interests (i.e. job, family, kids).  Planning for how marriage and children 

would impact their careers helped participants ease into their transition with less shock.  

Lastly, participants revisited how early exposure to STEM fields is critical in 

positively impacting young students.  Providing role models to youth in a variety of ways 

could encourage girls to pursue math and science fields.  As an example, participants  

encouraged professional engineering societies to visit schools.  Also chemical engineer 

Paula recognized how the media needed to portray more female engineers because girls 

might not know what an engineer actually is.   

Participants additionally recommended that parents, teachers and the media 

reinforce how math and science are valuable for both boys and girls and how students 
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with solid math and science background could impact society with engineering degrees.  

An additional recommendation was to encourage girls to work with their hands and do 

physical tasks at home could get girls more comfortable with engineering. 

In Chapter 7, a conclusion is provided which details a summary of the research 

findings and an analytical review of how the data addressed the research questions.  

Theoretical implications are explored, including how this paper contributes to the existing 

body of literature on females in STEM.  Conceptual limitations are identified and 

discussed.  Finally, areas for future research are posited including policy 

recommendations.      
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CHAPTER 7:  DISCUSSION AND CONCLUSION 

Summary of Research Findings 

 Fifteen female graduates of U.S. undergraduate engineering programs from 

different engineering disciplines participated in this study, providing insight into what 

helped them be successful while pursuing a major in engineering and also in an 

engineering career.  Using two theoretical constructs authored by Astin, the I-E-O Model 

(1985; 1993) and Student Involvement Theory (1999), I focused on how participants 

connected to engineering via their interactions with individuals in primary and high 

school, in college and at the workplace.  Aiming to fill gaps in the literature focused on 

women and STEM, I wanted to learn from women who pursued an engineering major 

and graduated with that degree.  Literature focused on deficits in female preparation, for 

example, on the leaky pipeline; gender bias; and self-stereotyping.  While evidence of 

these themes did emerge in this study, overwhelmingly positive themes also emerged 

about female preparation in math and science courses; of confidence in their own 

aptitude; and of personalities that exhibited resilience and leadership.   

 To thoroughly address how the data obtained in this study contributes to the 

extant literature, a review of the overarching research questions is explored below 

including a detailed summary of how these research questioned were answered.  Three 

questions guided the study about the impact of early exposure; if interactions with faculty 

and peers mattered; and if involvement in co-curricular activities fostered a deeper 

connection to engineering.   
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The following research questions guided this analysis and were addressed 

throughout Chapters 4 through 6.  What follows are further analyses that provide 

examples of how these research questions were answered and of what participants said 

about these themes.  The research questions utilized are: 

1. How does early exposure to mathematics and science help build confidence in 

and/or interest in pursuing an engineering major, if at all? 

2. How, if at all, do female graduates of engineering programs describe the 

impact of the interactions had with faculty and peers while obtaining their 

degree? 

3. How does involvement as an undergraduate student or as a professional 

impact their connection to engineering, if at all? 

When examined collectively, the overarching research questions for this study reflected 

key findings that emerged during interviews with participants.  

Early Exposure to Math and Science 

Key findings emerged on the benefits of early exposure to STEM related 

curriculum for girls in primary school.  Prior research focused on gender bias; stereotype 

threat; self-stereotyping; and on chilly classroom (see, for example, Alper & Gibbons, 

1993; Sax, 2008) in addition to the leaky pipeline and female underrepresentation in 

STEM as themes that interfered with girls pursuing and persisting in STEM fields (see, 

for example, Blickenstaff, 2005; Brown, 2011; Burke, 2007; NCES, 2009; Wickware, 

1993).  Further, Oakes (1990) revealed the existence of junctures in pre K-12 education 

that disengaged young girls, leading them away from STEM.  Alper and Gibbons (1993) 
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revealed how the behavior of primary school teachers often caused girls to lose 

confidence in math and science by giving them sympathy when they got a wrong answer 

versus challenging boys to persist when they got a wrong answer.  While all of these 

themes (except self-stereotyping) were supported in the research I conducted, my study 

additionally supported how early exposure to math and science through a variety of 

avenues positively impacted participants confidence and aptitude in these subjects.   

One way that participants in my study benefitted from early exposure to STEM 

was through role modeling in schools, in their community, and at home.  This study 

supported research conducted by Smith (1986) that focused on how professional 

scientists who visited young girls in middle schools improved girls’ attitudes toward math 

and science while also confirming findings by Demetry et. al. (2009) regarding how 7th 

grade girls were provided with role models who gave them encouragement.  In two 

examples from my study, Bonnie discussed high school career days as providing her with 

a Latina role model and Courtney revealed how the leader of an after school STEM 

enrichment program provided her with a role model.  Additionally, participants who grew 

up in the Houston, Texas area reported being surrounded by neighbors in the engineering 

industry, providing them with additional social capital (see, for example, Bourdieu, 1989; 

Coleman, 1998; McDonough, 1997; Tierney, 2002).  In terms of role models at home, 

Courtney also shared how her older sister helped pave the way for her by pursuing a 

technical field.  Supporting research conducted by Astin (1993) and Goodman et. al. 

(2002) that indicates having an engineer for a parent (typically the father) influences 
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female family members to pursue the engineering field, participants Denise, Leslie and 

Joy had fathers in technical fields that influenced them.     

Participants also were exposed to STEM in their youth by choosing to take 

advanced or extra math and science coursework in middle school and high school or 

because of the encouragement of teachers or guidance counselors who recognized their 

interest or ability in math and science.  Building a strong math and science foundation 

early, the participants in this study appeared more thoroughly prepared to pursue and 

successfully complete an engineering major in college.  Conflicting with research 

conducted by Becker (2010), the participants in my study did not suffer from lack of self-

confidence in math and science and this is most likely due to the preparation they had in 

STEM coursework prior to pursuing engineering majors in college.   

Interview 2 provided participants a forum to discuss what they thought were  

critical components that could increase female participation in STEM.  Early exposure 

was discussed in length as a critical way to impact young girls.  For example, Leslie 

shared how important it was for girls to get accustomed with physical work and in 

working with their hands.  Paula and Heather both shared how girls need to view 

engineering as a field where they can apply what they learn toward helping others to help 

them to connect to engineering, confirming research focused on why women avoid or 

stray from STEM fields (Dieman et. al., 2010).  Participants in this study also echoed 

research conducted by Matusovich et. al. (2010) about how important it is to help girls 

connect with engineering by showing them how it does not conflict with their values or 

identity as young women.    
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Answering the second research question, this study supported how student-faculty 

interactions impacted alumnae and also how peer relationships offered support.  

Additionally, echoing research conducted by Perna and Titus (2005) and Trenor et. al. 

(2008), family support and parental involvement continued to impact alumnae when they 

were pursuing an engineering degree in college. 

Impact of Faculty and Peer Interactions 

The findings in my study support prior research that says student-faculty 

interactions have powerful implications – both negative and positive.  My results confirm 

Pascarella and Terenzini’s research  (1976; 1978) that report how informal interactions 

during office hours help students feel connected, in addition to research findings by Tinto 

(1975) that illustrate how students become more comfortable around faculty with whom 

they have informal interactions.   

Participants in my study described how office hours and informal interactions 

were helpful.  Faculty also impacted participants in this study in the classroom by 

remembering participants’ names – it was easier to do because females were a minority 

gender in classes –and by encouraging participants to not drop a course or to pursue 

graduate school.  Conversely, Amy said a faculty member sent her away from his office 

until she could properly formulate a question, but this data was an outlier within the 

context of the entire study.  In another less positive reflection, participants of my study 

also reported how sometimes (male) faculty and teaching assistants treated them with 

bias or discrimination.  What’s more, the results of my study conflicted with Allen and 

Madden’s research (1996) which said women in male-dominated majors (like 
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engineering) felt overtly discouraged by faculty (by experiencing a lack of help with 

coursework) but it supported the authors’ findings in regards to male peers discrimination 

(where males “take over” in labs).  

Aside from mixed impressions on student-faculty interactions with male faculty, 

the findings of my study are consistent with limited existing research that suggests female 

faculty members’ presence in an engineering department does not necessarily impact 

female engineering student persistence in the major.  Additionally, interactions mattered 

between students and faculty of either gender, more than female presence in the 

department impact student trajectories (Griffith, 2010).  Given the scarce amount of 

female faculty members participants in my study reported in engineering departments and 

the chilly perception participants had of the few female faculty that were present (except 

for Courtney’s experience), my findings support existing research (Griffith, 2010).  My 

study may also confirm results found by Long (2003) and Hill et. al. (2010) that posit that 

female faculty are less encouraging to undergraduate students because they themselves 

experience a chilly environment in engineering departments.  Additionally, Xu (2008) 

shares how fewer female faculty exist in engineering departments and how there is not 

enough of a presence to fulfill mentoring roles for female engineering students.  

In terms of peer interactions, the findings of my study echo how important 

relationships between engineering peers are to help motivate and support one another 

with rigorous coursework.  Supporting data found in my study, Case (2007) suggests 

students feel isolated because of the rigor of coursework and how time consuming it is to 

complete.  Additionally, residence life along with involvement on campus helped 
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participants for my study foster networks and friendships, quelling feelings of isolation 

(except for Margaret, who expressed overall feelings of isolation).   

The findings of this study also support the theoretical frameworks of the study 

and the theme of involvement impacting female engineer connecting to engineering.  

What follows is a description of how the research questions address this theoretical 

construct and also of how the third research question is addressed. 

Involvement Impacts Connection to Engineering 

 For the purposes of this study, student involvement included any co-curricular 

activity that participants participated in while an undergraduate student.  Examples of co-

curricular involvement included: Engineering clubs and organizations; non-engineering 

clubs and organizations; engineering honor societies; co-ops and internships; 

engineering-related work; and intramural sports.   

Researchers detail the impact of student involvement on fostering engagement 

and a sense of belonging on campus; with more involvement comes a greater sense of 

belonging (see, for example, Astin, 1999; Kuh, 2009; Robinson & Reilly, 1993; Smith & 

Trenor, 2010; Strayhorn, 2012; Trenor et. al., 2008).  Echoing Reddick and Saenz (2012), 

having relationships on-campus offer students access to allies, boosting self-esteem and 

belonging.  What’s more, research suggests that networks matter (see, for example, 

Anderman & Freeman, 2004; Baumeister & Leary, 1995; McLaren, 2009; Strayhorn, 

2008).  Further, data provided by Kuh and Love (2000) suggest that students seek out 

groups on campus to help them feel like they fit in. Case (2007) says students that form 

study groups boost their connection to course material and to the overall campus.  Of 
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particular importance to minorities (ethnic or gender-based), Strayhorn (2012) 

recommends involvement to enhance connection versus feeling isolation on campus.  

Anderman and Freeman (2004) concur with Strayhorn (2012), reporting about how 

important feeling a connection is for populations that already feel marginalized.  By 

seeking out relationships and through their involvement on campus with clubs and 

organizations, participants of this study supported that involvement impacts connection.   

This study also supports research conducted by Ferguson (2011) and Robinson 

and Reilly (1993) supporting the benefits of female gender-specific clubs and 

organizations for female engineering students in addition to data regarding involvement 

in any club or organization helped students network and connect with others.  Participants 

expressed polarizing views of female gender-specific organizations like the Women in 

Engineering program and Society of Women Engineers, as discussed in depth in Chapter 

6.   

Overwhelmingly, participants in this study expressed how meaningful and 

motivating participation in co-op programs was for them as undergraduate engineering 

students.  Gaps in the literature exist regarding the benefits of co-ops specifically for 

female engineering students in regards to how this participation helps them connect 

coursework to practice.  Also, co-op involvement helped female engineering students in 

this study reignite their interest in engineering coursework and they provided participants 

with a renewed focus when they completed their co-op and returned to campus.   

After reviewing data that answers the research questions guiding this study, 

theoretical implications are examined in the section that follows. Utilizing the I-E-O 
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Model and Student Involvement Theory allowed this study to give context to alumnae 

experiences as they reflected on navigating through an engineering degree.   

Theoretical Implications 

 Examining alumnae reflections through the lens of the I-E-O Model (Astin, 1985; 

1993) and Student Involvement Theory (Astin, 1999), this study validates prior findings 

about the impact of interactions influencing outcomes.   

I-E-O Model 

 In this model, students arrive on campus with certain information (inputs) and 

they interact on campus and share experiences (environment).  The outcomes that emerge 

for students are based on what contributed to their learning while on campus (shaping 

their beliefs, attitudes, and values).  Supporting Smith and Trenor (2010), this model 

takes into consideration how environmental factors influence student development.  

Gabby is a good example of how outside factors (i.e. immigration status and financial 

instability) deterred her from graduating within four years but outside factors did not 

steer her away from graduating with an engineering degree.   

 Participants in this study discussed their inputs, in terms of cultural capital and the 

information they learned through interactions with their family of origin.  The context of 

outcomes for participants meant they graduated with an engineering degree and pursued 

engineering (or an engineering-related field) as a career.  The environment piece in this 

model was different for each participant.  In an example of how environmental influences 

varied for participants, alumnae lived on campus in residence life; on campus in 

engineering-themed residence halls; lived off-campus in an apartment; or, lived off-
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campus with parents.  In another example of how data from this study supported prior 

research, participants shared that they were proactive in asking faculty questions about 

course material and research suggests how students who are proactive with faculty report 

greater connection to their major (Pascarella & Terenzini, 1976; 1978; Tinto, 1975).   

Tying it to Student Involvement Theory, I-E-O Model is more meaningful when 

considering student involvement.  Giving context to the environmental piece of the I-E-O 

Model, a more robust theory discusses student involvement.  Student Involvement 

Theory helps set parameters around how students shaped their beliefs, attitudes and 

values with the influence of involvement. 

Student Involvement Theory 

 Astin’s (1999) Student Involvement Theory focuses on how the amount of energy 

that a student devotes to her academic experience informs her outcomes.  Friedlander and 

McDougall (1992) suggest that students who take advantage of opportunities often have a 

greater likelihood of success and results of my support this concept.  Throughout both 

interviews, participants detailed how relationships mattered and how relationships formed 

impacted achievement.  In an example, by participating in informal study groups’ 

participants found a support network with engineering peers and felt camaraderie 

especially during difficult exam periods.  (Multiple examples and deeper analysis is 

evident in Chapter 6, in the involvement theme.) 

 What follows is a discussion on the overall contributions to extant literature on 

alumnae of engineering majors and their career trajectory.  Many gaps exist in literature 
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about female graduates of engineering programs and of what factors positively influence 

females to graduate with an engineering major. 

Contributions to the Literature 

 With the intention of filling gaps in extant literature, this study aimed to gain a 

deeper understanding of how female graduates of engineering majors successfully 

persisted to graduation.  When I proposed this study, very few researchers had published 

material on alumnae of engineering majors and undergraduate students were the main 

focus in articles about this topic. What’s more, most of the literature available about 

female engineers or females in STEM fields focuses on deficits such as female lack of 

preparation, or even females lacking math and science ability, or on the “leaky pipeline” 

instead of on strengths (see, for example, Blickenstaff, 2006).  By focusing on 

engineering alumnae that navigated their way through to graduation and even further, by 

focusing on alumnae that entered the engineering industry, I broadened the body of 

research to include examples of women who persevered despite negative influences. 

Focusing on females who graduated with an engineering degree and pursued a 

technical job post-graduation shifts the existing conversation in the research away from a 

deficit model to a focus on stories of success.  Giving attention in research to 

stereotyping, biases, and sexism certainly helps researchers understand more about the 

barriers to STEM that some females experience in primary school, high school, college, 

and in the workplace.  However, giving more attention to what is working and on which 

females continue to be a part of the engineering pipeline without falling out gives us 

more information about how to persist as a female in the engineering field.   
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Conceptual Limitations 

 Participants who volunteered to be a part of this study were recruited using social 

networks and snowballing techniques.  Despite an effort to diversify the sample, most 

participants identified as White/Anglo.  Given the landscape of the U.S. and my aim to 

include a diverse sample in this research project, a limitation exists in the majority 

White/Anglo sample.  Also, I could argue that the majority of alumnae that opted to 

become a part of this study were women that showed leadership traits.  Additionally, 

given that most studies involving females and STEM are not conducted with alumnae, 

there was a limited amount of research available that directly related to my area of 

interest.  Lastly, without the resources to travel to conduct all of my interviews, I was not 

able to meet with every participant in person and I resorted to conducting phone 

interviews with certain participants due to geographical constraints.  I would have 

preferred to meet with each participant in person and believe in person interviews with all 

participants would have garnered richer data.   

Areas for Future Research 

 Researchers are making efforts to better understand how to engage young girls in 

STEM material in order to increase their participation in fields like engineering.  More 

research needs to be conducted to understand what early exposure strategies are most 

impactful for girls, helping them build confidence and increasing their aptitude and 

interest in math and science prior to middle and high school.  As researchers and 

practitioners try to increase female participation in STEM fields (see, for instance, 

Chubin et. al., 2005), many initiatives that target students try to help period when it is 
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already too late.  For example, the University of Michigan ADVANCE program funded 

by the National Science Foundation discussed in Chapter 1 targets females who are 

already in college.  More research should be conducted on effective early exposure 

strategies that engage young students of either gender with hands-on activities both in 

and out of the classroom.  Additionally, more research should be conducted regarding the 

importance of pre-college experiences for young girls that encourage an interest and a 

comfort level in STEM topics.   

In thinking about how to engage more female college graduates to work in STEM 

fields like engineering, I believe more research needs to be conducted involving how to 

bolster mentoring programs in college through student organizations, engineering career 

services offices, or with academic advisors on campus.  Also, the difference between role 

models and mentors was detailed in prior sections in this paper and women discussed 

how, if at all, informal mentoring relationships largely existed at their workplace.  I 

believe future research endeavors should examine if female engineering professionals 

benefit more from female mentors at work or if gender does not impact the value of the 

mentoring relationship.  Other research could focus on the impact, if any, of a lack of 

mentorship or role models for young girls, college-aged women, and female engineering 

professionals.   

 Additionally, the role of academic advisors was not a compelling theme that 

emerged from this study.  (I intentionally did not list examples of student services that are 

available on most college campuses when asking about what services were most helpful 

for participants).  Only one participant detailed how beneficial her academic advisor was 
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in helping her to schedule co-ops and still graduate in four years.  However, engineering 

career services were described as being very helpful for participants in this study. Given 

that academic advisors were not even mentioned by most participants, this means 

research should be conducted on how to partner engineering academic advisor efforts 

with career services on campus.  Given that the importance or benefit of academic 

advisors was absent during both interviews, the implications of this future research are 

great.  Further, future research should investigate why career advisors on the college 

campus are cited as being helpful and integral in promoting student success in 

engineering where academic advisors are not cited as an equally beneficial resource.  Are 

career advisors viewed as being a more practical resource, providing a more direct link 

toward the securing of co-ops or in fostering networking opportunities?  Academic 

advisors have an opportunity to influence the career trajectory of their students, not only 

in engineering disciplines but also across all disciplines.  With the exception of one 

participant, there seems to be a gap in how the participants in this study perceived the 

level of help academic advisors gave them they were undergraduate students.   

 Reinforcing how beneficial it is for students to live on campus and in a themed 

residence hall, more research also needs to be conducted that explores how relationships 

are formed between engineering students in residence life during their first year on 

campus and if it is as beneficial as my participants suggested it was.  It would be 

compelling to compare that research to research on engineering students that lived off-

campus, with a parent, or in a residence hall without a theme or focus.  In terms of policy, 

engineering colleges should offer housing to all incoming engineering students in themed 
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residence halls, if possible.  If that is too demanding of a policy recommendation, perhaps 

this offer can be extended to live in this kind of residence hall to female engineers only.   

 It would also be interesting for researchers to explore how female-specific student 

organizations support female engineering students or how they interfere with female 

integration and assimilation in male dominated engineering major programs.  Many 

participants of this study detailed their involvement with programs like Women in 

Engineering or Society of Women Engineers, while other participants were repelled by 

female-specific organizations because they felt segregating or like a sorority. 

 Additionally, as an extension of this study, future qualitative research should be 

conducted with female engineers in industry who recently became parents.  An electrical 

engineer in this study (Ivi) resigned from her engineering job to be a stay-at-home mother 

to her daughter.  Other participants (see Olive, for example) lamented on how she was 

unsure about how she would be able to continue on her current career path once she 

became a mother.  If the engineering industry does not provide mothers’ the ability to 

have flexible schedules or provide a day care on campus, my best guess is that more 

female engineers will leak out of the career pipeline.  
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Appendices:  
 

Appendix A 
Draft Request for Participation (Sample Email) 

 
Date: February 8, 2013 
 
Dear Prospective Participants: 
 

My name is Jodi Denyszyn and I am a doctoral candidate in the Higher Education 
Administration Program at the University of Texas at Austin. I am currently conducting 
research on female graduates of engineering programs as part of my completion of the 
doctoral degree in higher education administration. This is a qualitative study using 
primarily interviews to explore how women navigated their path in engineering majors 
and the factors that impacted their experience in the major. One of my career goals is to 
add to the amount of research in this area. If you agree to participate I am asking for a 
commitment of two interviews scheduled at your convenience between February 2013 
through March 2013.  
 

Your response to this request is important to add the voices of women in 
engineering majors to research in the field of higher education administration. Your 
participation is greatly needed, valued and would be deeply appreciated. If you are 
interested in participating please email or call me and we can talk further about setting up 
an interview (dates, times). Also, if you are interested in participating in this study, I have 
a two-sided form for you to fill out, asking you about biographical data.   
 

If you have questions or need additional information please feel free to contact me 
at 512.xxx.xxxx or you can e-mail me at jodi.denyszyn@austin.utexas.edu. 
 
Thank you in advance for your time and consideration. 
 
Best regards, 
 
 
 
Jodi Denyszyn 
Doctoral Candidate 
Higher Education Leadership Program 
College of Education 
The University of Texas at Austin 
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Appendix B 
(Prospective Participant) Biographical and Institutional Data 

 
Part I: Biographical Data/Personal Data: 
Name___________________________________________________________________ 
Address______________________________City_________State_________Zip_______ 
Phone(___)____________Ext_______Birthdate_____________Birthplace____________ 
E-mail address____________________________________________________________ 
Age: 
• 20-29  • 30-39  • 40-49  • 50-59  • 60 + 
 
Date of Birth____________________Place of Birth______________________________ 
Marital Status____________________________________________________________ 
Children_________________________________________________________________ 
Siblings_________________________________________________________________ 
 
Mother’s Birthplace______________________ Father’s Birthplace_________________ 
Mother’s Educational Background (Year & Type of Degree) 
None___________________________________________________________________ 
High School_____________________________________________________________ 
Bachelors________________________________________________________________ 
Masters_________________________________________________________________ 
Doctorate________________________________________________________________ 
 
Father’s Educational Background (Year & Type of Degree) 
None___________________________________________________________________ 
High School_____________________________________________________________ 
Bachelors________________________________________________________________ 
Masters_________________________________________________________________ 
Doctorate________________________________________________________________ 
 
Part II:  Educational Background (Please list degree and university) 
Bachelors________________________________________________________________ 
Masters_________________________________________________________________ 
Doctorate________________________________________________________________ 
Type of Engineering Degree (i.e. Chemical, Aerospace, etc.) ______________________ 
Year this major was declared (As a high school applicant, 1st year, etc.)  _____________ 
GPA __________________  
Please indicate if you were ever on academic probation        Yes  /  No 
Please indicate if you were in an honors program (circle one)        Yes  /  No 
Please indicate if you were earned a scholarship for college (circle one)           Yes  /  No 
Please indicate if you were a member of an engr club/organization         Yes  /  No 
 *If yes, indicate if you held a leadership role in that club/organization  Yes  /  No 
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Part III: Engineering Background 
Years of Professional Experience in Engineering ________________________________ 
Present Company_________________________________________________________ 
Title ___________________________________________________________________ 
Job Description (Please attach if you have a written one) 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
Years in Current Position___________________________________________________ 
Years Planning to Remain in Current Position___________________________________ 
Number of Females in your department / your company __________________________ 
 
Please indicate if you are a member of any professional engineering orgs           Yes  /  No 
 
Other Professional Experiences (Engineering companies post-undergraduate graduation) 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
Other Professional Experiences (Non-Engineering, post-undergraduate graduation) 
________________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
Part IV: Other 
 
Is there any other information about your participation in engineering, either as a student 
or as a professional, that you would like to include?  _____________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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Part V:  Additional Questions 
 
1.  Parents Marital Status while you were a high school student: 

• Married to each other 
• Re-married 
• Divorced 
• Separated 
• Widowed 

 
2.  Please provide your parents’ income level per year when you were 18 or younger 
(based on US Census guidelines): 

• $0 - $25,000 
• $25,000 - $50,000 
• $50, 000 - $75,000 
• $75,000 - $100,000 
• $100, 000 – or more 

 
3.  Were you ever on Academic Probation when you were a college student?  Yes / No 
 
4.  What was your GPA in college? 

• 2.0 – 2.5 
• 2.6 – 2.9 
• 3.0 – 3.5 
• 3.6 – 3.9 

 
5.  Describe the type of high school that you attended.   

• US Public (co-ed) 
• US Private (co-ed) 
• US Single gender & Parochial 
• Outside of US  
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Appendix C 

Informed Consent (Implied) 
 
The purpose of this study is to explore the experiences of female alumnae of engineering 
programs. This study involves the collection of research materials, the outcome of which 
will be utilized toward the completion of a Doctoral Degree for Jodi Denyszyn in Higher 
Education Leadership and Administration at The University of Texas at Austin. 
 
This study will employ qualitative methods, specifically open-ended interviews in order 
to obtain an understanding of the experiences of female alumnae of engineering 
programs. If you agree to participate, two interviews will be scheduled at your 
convenience from February 2013 – March 2013. The interviews will consist of a series of 
questions on topics related to, but not limited to your personal experiences as a female 
engineering student and the factors that impacted your graduating with an engineering 
degree. Interviews will be conducted utilizing audiotape equipment. In addition to the 
audio recordings, hand written notes will be taken. The notes and tapes will be kept 
confidential. 
 
All data with the potential to identify participants will be held in confidence. Participant’s 
names will not be utilized in the study. Instead, pseudonyms will be assigned to each 
participant. However, quotes from the interviews will be utilized to support general 
themes. Finally, there is no foreseeable risk or financial benefits to the participants. 
 
Your participation is voluntary, and if you decide to participate in the study, you may 
withdraw consent and terminate participation at any time.  
 
The study has been discussed with me and all my questions have been answered. I may 
direct additional questions regarding study specifics to the investigators. If I have 
questions about subjects’ rights or other concerns, I can contact the University of Texas 
at Austin Institutional Review Board at (512) 471-8871.  
 
I agree to participate in the study described above and acknowledge the researcher’s 
obligation to provide me with a copy of this consent form. 
 
Questions and concerns about the research and/or your rights may be directed to: 
Doctoral Candidate: Jodi Denyszyn, jodi.denyszyn@austin.utexas.edu 512.xxx.xxxx 
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Appendix D 
(Example) Interview Guide #1  

 
Background Information 
 

1. Please tell me about your high school background in mathematics and science 
classes. 
 

2. When did you become interested in engineering?  
 

3. How did you choose to pursue an engineering major? 
 

4. What role did gender influence your major choice, if at all? 
 
Family of Origin 
 
      1.   What role did family have in influencing you to major in engineering?  
 
      2.   How, if at all, did your family support your efforts in studying to become an  
            engineer? 
 
      3.   Are any of your family members or close family friends engineers?  If so, how, if  

at all, did these individuals influence or motivate you to become an engineer? 
 
Student Experiences  
 

1. What did you like about majoring in engineering, if anything? 
 

2. What were your greatest challenges, personally and professionally, while 
pursuing an engineering major?  

 
3. What issues, if any, were you confronted with as a female in an engineering 

program? 
 

4. Did you experience gender bias or discrimination in the major?  If so, how did 
you respond and cope with it? 

 
5. Did you consider transferring to a different major? If so, why did you decide to 

stay in engineering? 
 

6. How were you involved while as an engineering major? (Examples: 
Clubs/organizations, campus job, sports, etc.) 
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7. Did involvement in activities, academic or co-curricular, influence your 
persistence in the major? Explain. 

 
8. Given that you graduated with an engineering degree, what people or things on 

campus helped you be successful? 
 

9. In what ways do you think your experiences are similar to experiences of other 
women who also pursued an engineering major? 

 
10. What do you consider to be the major contributors that impacted your success in 

an engineering major? 
 
11. Who did you count on within the university for support?  

 
12. How did your university support women in engineering majors? 

 
13. What role did the interactions you had with faculty influence your graduation? 

(staying in the major and graduating with it)? 
 

14. What was your experience with mentorship as a student? 



  	  

	   231	  

Appendix E 
(Example) Interview Guide #2  

Overview 
 

1. Please tell me if there is anything that occurred to you that you would like to say 
since our last interview.  
 

2. Has anything changed since our last interview (job status; interest in the field; 
family status; etc.)? 

 
Professional Experiences 
 

1. Are you working in the engineering field now? If not, please explain.  
 

2. What (if anything) distinguishes you from other women who had similar career 
aspirations?  

 
3. Have you experienced gender bias or discrimination in the workplace?  If so, 

how have you responded and coped with it? 
 

4. If you are still working in the engineering field, what are your future goals in 
your career? 

 
5. What has been your experience with mentorship as a professional? 

 
6. Do you view yourself as a role model for other women pursuing engineering 

majors?  If so, how are you a role model to students and other colleagues? 
 

7. How do you think the engineering field can recruit more women into it? 
 

8. What do you see as factors that serve as obstacles to women’s participation in the 
engineering field? 

 
Family Influences 
 

1. How has marriage or partnership influenced your career aspirations? 
 

2. If you are a parent or are interested in becoming a parent one day, how did your 
career change, if at all, or how do you imagine your career changing? 
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Closing Questions 
 

1. Are there any other experiences, thoughts or perceptions that you would like to 
talk about? 
 

2. What advice can you offer to women interested in pursuing a career in 
engineering post-graduation? 
 

3. What has been your greatest success, personally and professionally? 
 

4. Do you have any questions for me? 
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Appendix F 
Engineering Disciplines Descriptions  

 
The following general descriptions are adaptations of definitions created in 2006  

 
by a company in Menlo Park, California that focuses on promoting engineering careers 
 
(Engineers Dedicated to a Better Tomorrow, 2006).  These definitions are provided as  
 
general guidelines aimed at differentiating between different engineering disciplines.   
 
Aerospace engineering: The focus is on space flight, including satellites and rockets, 
and also on atmospheric-based projects, like helicopters and airplanes.  “Many aerospace 
engineers also work on land-based vehicles as well…typically focusing on 
aerodynamics” (p. 1).   
 
Biomedical engineering:  This engineering discipline focuses on life sciences and on the 
medical field, where engineers study biomechanics and technology aimed at developing 
or enhancing products or devices.   
 
Chemical engineering:  Learning how to apply chemistry toward the production of 
products, for example, helps define this area of specialization.  Some products that 
chemical engineers produce include plastics; pharmaceuticals; foods; fuels; and paper 
products.   
 
Civil engineering:  This discipline largely focuses on structures and buildings, although 
the area of specialization depends greatly per the university attended.  Some areas of civil 
engineering include: Construction; Environmental; Geotechnical; Structural; Surveying; 
Transportation; Water Resources.   
 
Electrical engineering:  This area focuses on electronics, in terms of devices, systems 
and energy.  
 
General engineering:  See civil engineering, as an example. 
 
Industrial engineering (Also, see systems engineering):  Aiming to promote efficiency 
in operations involved in production, like “materials, equipment, people, information and 
energy” (p. 5) is the focus of this engineering discipline.  Some areas included within this 
track are: Ergonomics; Manufacturing; Quality control.  
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Mechanical engineering:  This discipline focuses on “machines, structures, devices, 
mechanical systems, and energy conversion systems” (p. 6).  Areas of specialization 
include: Solid mechanics; fluids; thermodynamics; design.  
 
Metallurgical engineering (Also, see materials engineering):  The emphasis of this 
discipline is on developing materials like “ceramics, polymers, metallic alloys/specialty 
metals; electronic materials; composites” (p. 6).   
 
Petroleum engineering:  This area focuses on “the identification, extraction, storage, 
and transportation of crude oil and natural gas” (p.7) and engineers work offshore or on 
land.  
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