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Gender Conception and the Chilly Road to Female Undergraduates’ Persistence in Science, 

and Engineering Fields 

 

 

Abstract 

Women represent less than a third of undergraduate and graduate degrees in science and 

engineering (SE). This underrepresentation is not only a social and cultural issue, but it is also 

cause for alarm in regard to the United States’ ability to maintain its technological and economic 

dominance in the global economy. Research indicates that there are internal and external factors 

that affect the ability of women to see future success in SE and to identify with the masculine 

nature of SE. This study focuses on the role of identity in twenty-six women’s decisions to 

persist or leave their SE undergraduate degree at the university level. The study utilizes multiple 

conceptions of identity negotiation (Carlone and Johnson, 2007; Eccles, 2007; Slay and Smith, 

2011) to identify how each participant negotiated their own personal identity with that of the SE 

departmental culture that they were a part of. The findings reveal that only women who 

participate in redefinition strategies related to their marginalized status are able to persist; those 

who cannot redefine their marginality in relation to the dominant discourse of SE begin to lose 

interest or doubt their competence in the field, resulting in their departure from SE. The findings 

also illustrate additions to current identity frameworks to better understand the role of SE identity 

for leavers. 
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Identity is a strong predictor of women’s persistence in science and engineering (SE) 

fields (Carlone and Johnson, 2007). However, research on how identity affects women’s 

persistence is just developing (Carlone and Johnson; Hurtado, Cabrera, Lin, Arellano, and 

Espinosa, 2009). This study adds to these developing frameworks by focusing on the intersection 

of various identities (e.g., SE identity, personal identity, gender identity, and racial/ethnic 

identity) in the decisions of twenty-six women either to persist in the completion of or to leave 

their SE degree plans at the university level. The research question for this study is as follows: 

How do undergraduate women negotiate their personal identity in relation to their SE department 

culture, the institutional culture, and the broader culture of gender in SE to arrive at their 

decision to persist or leave their original SE major? This study adds an important piece to the 

current literature on women’s underrepresentation in SE fields in that it strengthens the argument 

that gender conception and identity play significant roles in women’s persistence in these areas 

and provides new ways to frame leavers’ experiences in SE fields, particularly as they relate to 

SE identity. 

Literature Review 

The issue of women’s underrepresentation has been a major focus of the United States 

federal government over the last decade as part of an initiative to increase the number of 

American scientists and engineers and thereby improve the nation’s technological role among 

other leading developed countries (American Association of University Women [AAUW], 2010; 

Augustine, 2005). SE fields provide valuable contributions to the nation’s economic and 

environmental security (Augustine, 2005; Chang, 2009; Riegle-Crumb and King, 2010; Robelen, 

2010; Tessler, 2008), paying practitioners well and bringing in revenue for successful businesses 

and governments (National Science Board [NSB], 2008; Riegle-Crumb and King). 

Consequently, addressing the underrepresentation of women and increasing their persistence in 

SE fields will increase the number of scientists and engineers contributing to these fields, which 

could, in turn, improve the nation’s economy, safety, and technological revenues.  

Women encounter a number of factors that can negatively affect their abilities to identify 

with and persist in SE careers (Harding, 1997; Lemke, 2001). Feminist theorists argue that the 

culture of science—typically populated by white, middle-class males—makes persistence for 

women, particularly minority women, difficult (Harding; Lemke; Malone and Barabino, 2009). 

For young women, the decision to major in SE in college and to persist in SE during and after 

college is influenced by a variety of external factors (e.g., parental support, success in science 

and math classes) and internal factors (e.g., reactions to grades, identifying with perceptions of 

SE professionals) (Eccles, 2007; Seymour and Hewitt, 1997; Williams and Ceci, 2007). These 

factors are both gendered and non-gendered. The gendered aspects are the stereotypical 

presentation of SE professionals as male and white along with the cultural stereotypes that 

portray women as inferior in science and mathematics (Eccles, 2007; Harding, 1997; Lemke, 

2001). The non-gendered aspects include the institutionalized structure of SE courses with large 

class sizes and weed-out courses being used to drive students out of the field early on (Williams 

and Ceci, 2007).  

Women’s underrepresentation becomes more apparent as they transition from secondary 

school to college where women are outnumbered by their male peers in many of their SE courses 

(National Science Foundation [NSF], 2011). Women also encounter few female role models and 
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professors at the university level (Hurtado et al.; Leggon, 2006; Malone and Barabino, 2009). 

This lack of women in the field and the isolation that women experience has been called the 

“chilly climate” (Shakeshaft, 1995, p. 74), and this chilly climate has been credited as a major 

reason female college students leave SE fields (Allan and Madden, 2006; Seymour and Hewitt, 

1997; Shakeshaft; Williams and Ceci, 2007). Institutional culture can also affect women’s 

persistence. Research has shown that colleges and universities that offer smaller class sizes and 

make a concerted effort to support women and minorities (e.g., free tutoring, a small faculty-to-

student ratio, faculty who focus more on teaching than research) in SE fields have higher 

persistence rates (Hurtado et al., 2009; Leggon, 2006). 

Other aspects of the chilly climate that are limiting factors to women’s persistence are the 

language and culture of SE both at the institutional/departmental level and in society at large. 

Studies have found that female and minority students’ cultural influences make the masculine 

language of SE appear inappropriate (Brandt, 2008; Lemke, 2001; Olitsky, 2006), which can 

prevent them from identifying with SE (Carlone and Johnson, 2007; Jones et al., 2000; Olitsky; 

Ong, 2005). Female students are often forced to make choices between their gender identities as 

females and the perceived SE identity that is predominantly white, middle class, and male 

(Brandt; Johnson et al., 2011; Leslie, McClure, and Oaxaca, 1998; Ong, 2005).  

The literature highlights the conflicting identities that affect women’s persistence in SE 

fields: SE identity (particularly as it is represented by the institutional and SE department 

culture) and one’s cultural, gender, and/or social identities. The policies aimed at increasing 

women in SE fields have focused more on access, meaning they simply open doors for women 

without attempting to change the cultures that have kept them out (Des Jardins, 2010; McGrayne, 

2005; Wertheim, 2006). Current science education researchers recognize that women have not 

had the cultural capital to redefine SE or their positions in it (Carlone and Johnson, 2007; 

Johnson et al., 2011). Therefore, only those women who are able to successfully reproduce the 

current SE identity of masculine and predominantly white are able to succeed (Carlone and 

Johnson).  

Most of the current literature that utilizes the feminist lens and the identity formation of 

minority women in SE has focused on those who successfully persist in their SE field—persisters 

(Brandt, 2008; Carlone and Johnson, 2007; Johnson et al., 2011). Few studies have utilized these 

lenses to understand leavers’ complicated paths within and eventually out of SE. This study 

examines the experiences of twenty-six female undergraduate persisters and leavers and 

highlights the continued contradictions faced by women who attempt to persist in SE fields at the 

undergraduate level.  

Conceptual Framework: SE Choice and Identity Construction 

This study focuses on identity negotiations that persisters and leavers undertake in 

arriving at their eventual decision to stay or leave SE. To understand this process, I utilized a 

combination of theories to help me frame my analysis. First, I focused on the motivation of each 

participant to persist by utilizing Eccles’ expectancy-value model (1994, 2007). Eccles describes 

the many influences that affect women’s SE career choices, including a number of cultural and 

individual concepts. The cultural concepts include the influence of gender roles, cultural 

stereotypes, socializers (parents, peers, and teachers), and achievement in science and 

mathematics classes. The interpretations of these various concepts, including stereotypes, can 

shape individuals’ goals and decisions. These cultural influences, combined with an individual’s 

perceptions and experiences, culminate in the final two parts of the expectancy-value model: 

expectation of success and the value a person attaches to this success (Eccles, 1994, 2007). 
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According to Eccles, one’s expectation of success is influenced by one’s confidence in his or her 

abilities. This confidence level is also affected by the estimated difficulty of the tasks required 

for a SE career. An individual’s beliefs regarding his or her abilities are influenced by that 

individual’s performance in science and mathematics courses and by the support he or she 

receives from socializers (Carlone, 2004; Rayman and Brett, 1995). Eccles (2007) identified four 

types of value that each individual assesses to make a career choice: (a) attainment value 

indicates how well the career fits with one’s identity; (b) intrinsic value is the interest or 

enjoyment derived from a career; (c) utility value indicates how well the career fits with current 

and future goals; and (d) cost refers to the negative aspects perceived to be associated with the 

career.  

Carlone and Johnson (2007) developed a framework that guides the study of women’s SE 

identity formation. This framework strengthens Eccles’ (2007) argument regarding how values 

are assigned and how identity is both personal and social. Carlone and Johnson also discuss the 

role that SE departments have in the identity formation process for women. Success in SE is first 

established through women’s concept of competency in science and mathematics. They define 

the next step in SE identity development as successful performance of one’s competency. The 

final step in Carlone and Johnson’s SE identity development is the recognition of performance 

by credible experts or members of the SE field (i.e. professors, teaching assistants). This final 

part highlights the power associated with the dominant discourse’s approval and regard for 

individuals’ performances within SE fields.  

The SE identity formation of women and underrepresented minorities is further affected 

by their positions as members of culturally stigmatized groups within the SE fields because of 

the dominant discourse of SE as white, male, and middle class (Malone and Barabino, 2009; Slay 

and Smith, 2011). Members of culturally stigmatized groups are often positioned by the 

dominant discourse but they can have some agency in how they respond and react to this 

discourse (Butler, 1999; Unger, 1998). Researchers have found that women who persist in SE do 

so in one of three ways: they change their own identities to fit within the dominant discourse 

(Ong, 2005), they create multiple identities to interact in multiple settings (Collins, 1998; 

Harding, 1997; Malone and Barabino, 2009; Ong, 2005), or they redefine the stigma by choosing 

positive aspects that fit within their identity and can be viewed as beneficial for them despite the 

dominant discourse, thereby allowing them to persist (Ong, 2005; Slay and Smith, 2011; Unger, 

1998). The first tactic requires women to hide their feminine traits. The second tactic occurs 

when women negotiate between different personalities depending on the context, perhaps 

exhibiting androgynous personalities at work in order to fit in with their male peers and different 

personalities at home or in their communities to conform to society’s expectations of their 

gender. The third tactic of redefinition occurs when members of a culturally stigmatized group 

attempt to redefine the field so that it fits in with their worldviews and identities or when 

members of the group redefine the stigma in a positive way, resulting in positive marginality 

(Slay and Smith, 2011; Unger). This third redefinition strategy also occurs when women or 

minorities highlight how their differences make them necessary contributors to SE fields because 

they provide different perspectives (Slay and Smith; Unger). 

 

Research Methods 

My goal for this study was to determine whether the combined frameworks discussed 

above could aid in understanding how undergraduate women negotiate their personal identity 

through their SE department culture and the institutional culture in deciding whether to persist or 
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leave their original SE major. Because the conceptual framework used for this study highlights 

the importance of identity construction, which is related to experiences and perceptions of these 

experiences, I utilized a life history methodology to examine the influences that affected the 

decisions of twenty-six undergraduate women either to stay or leave their SE fields at State 

University (SU), a large (over 40,000 students) public research university in the southeastern 

United States.  

These twenty-six women were the respondents to an e-mail sent by the office of 

institutional research at SU on the researcher’s behalf. This office e-mailed all of the current 

female SE majors (n= 204) and sent a separate e-mail to those women who were originally in a 

declared SE major but had changed to a non-SE major (n=198). (Only women who were still 

enrolled at SU could be contacted.) The twenty-six women whom I interviewed were the only 

ones to respond and schedule an interview. I conducted two semi-structured interviews with each 

of these participants, all of whom had originally majored in SE fields as first-year college 

students. I interviewed each of the women during their final years of college, at which point 14 

of them were still SE majors and planned to pursue SE careers (persisters) and 12 had changed 

their majors to pursue non-SE degrees (leavers).  

The first set of interview questions sought to obtain the life history of each participant. 

These interviews took place during the summer and early fall of 2009. During the narrative life 

history interviews, the focus was on specific incidents that contributed to each individual’s 

interest in SE fields (or lack thereof) and decisions as they related to SE fields. A storyline was 

created for each of these participants (Creswell, 1998) that simplified their life histories into pre-

college and college experiences using excerpts from their interviews to highlight their varied 

experiences and paths. (A copy of the interview questions and storyline rubric is available upon 

request to the author.) 

The second set of interviews occurred during the spring of 2010 to identify whether any 

of the participants’ career choices or plans had changed as they approached their graduation from 

college. These interviews served as a source of triangulation by identifying whether individuals 

were still part of their original leaver or persister cohorts. Each participant was sent a copy of her 

interview transcript and the accompanying storyline as a form of member checking (Creswell, 

1998). Although interview data, particularly life histories, are based on perception and memories, 

these perceptions are commonly considered the factors that affect women’s SE career decisions; 

therefore, it was important to this research that the participants provided detailed descriptions of 

their perceptions.  

All twenty-six participants were planning to pursue SE majors when they entered college. 

Each had received the state’s merit-based scholarship, which covers 75-to-100% of tuition each 

semester. The award is based on high school students’ GPAs (3.0-3.5 for 75% scholarship and 

3.6 or above for 100%) and SAT scores (970 for 75% scholarship and 1270 for 100%). Students 

who received this scholarship were required to maintain a specific college GPA (2.75 for 75% 

scholarship and 3.0 for 100% scholarship) and to pursue 12 credit hours per semester. All the 

participants received merit-based scholarships, which made the comparison samples similar and 

appropriately defined as having a high competency level (Carlone and Johnson, 2007).  

Because participants volunteered for the study, I was not able to select a representative 

sample of the student population at SU. The racial/ethnic composition of the persisters was one 

Asian American, three Hispanic, and ten white students. The racial/ethnic composition of the 

leavers was one Hispanic, two African Americans, and nine white students. The SE 

representation for the persisters, as indicated by their final SE major, was six life science majors 
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(biology, biochemistry, environmental science), five physical science majors (chemistry, physics, 

geology), and three engineering majors. The SE representation for the leavers, as measured by 

their original SE majors, was nine life science majors, one physical science major, and two 

engineering majors. (For a full description of the participants, their majors, career choices, and 

grades, please see Appendix A.) 

Data analysis occurred at the same time as data collection. After transcribing each 

interview, I reviewed the interview and the notes and combined the documents into memos for 

each participant (Creswell, 1998). The memos served as the source for each participant’s 

corresponding storyline, which was based on the original themes and factors identified in the 

literature review and conceptual framework. These codes included: conception of gender roles, 

influence of socializers and role models, science practice and preparation, future family plans, 

chilly climate, reactions to chilly climate, policy issues related to women in SE, expectations for 

success in SE career, and value of success in SE career. After all of the interviews were 

completed, I conducted within-group analysis and studied each life history to identify common 

themes among persisters and leavers (Strauss and Corbin, 1990). Data displays and thematic 

memos were created for the two groups to summarize the common themes, highlight specific 

cases, and relate the data from this study to the literature. The themes from each group were 

compared via across-group analyses and included data displays with thematic memos to 

summarize themes (Strauss and Corbin, 1990). I related these themes to the current literature and 

identified the influences on women’s decisions to stay or leave SE fields. 

 

 

Results  

Context: State University (SU) 

These women all entered SU in 2006 and were expecting to graduate in 2010. My 

description of SU focuses on institutional data for the 2009-2010 school year in order to give the 

reader the context of the study and its participants. During that year, SU was comprised mainly 

(75%) of undergraduate students. Women comprised 55% of the student population. The 

minority population at the university as a whole was 28%, with Hispanic students representing 

46% and African Americans representing 38% of this total percentage. Despite this overall 

representation, minority students only represented 15% of SE degree majors; and, although 

women represented over half of the student body and graduating class in 2010, they represented 

less than 40% of all SE degrees.  

The 40% representation of women in SE at SU is slightly higher than the national 

average (NSF, 2011), which may be due in part to SU’s institutional history of addressing the 

underrepresentation of women in SE. In 2000, SU instituted a living and learning community 

where first-year female undergraduate students majoring in SE fields could live together and 

attend a weekly course to discuss gender issues in SE. (Approximately 25 first-year students are 

a part of this program each school year.) In an e-mail correspondence the Vice President of SU 

explained the university’s overall mission for improving women’s underrepresentation in SE:  

The University attempts to encourage women to major in the SE fields and follows up on 

this in a number of ways. First, it developed WSE [a living and learning community for 

women in SE]. Second, it asks about the status of women in the SE-related Quality 

Enhancement Reviews. And third, the Provost discusses this issue with relevant Deans in 

his annual evaluation. (Vice President of SU personal communication, September 23, 

2008) 
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SU also has chapters of various supportive SE groups for women and minorities, such as the 

Society of Women Engineers, the Society for the Advancement of Chicanos and Native 

Americans in Science, the Association for Women in Science, and the National Society of Black 

Physicists. SU’s various SE departments offer tutoring opportunities for a fee for all students, 

further indicating–at least on paper–SU’s supportive institutional culture for students in SE.  

 The representation of female faculty in SE departments at SU is slightly below national 

statistics except for biology, which is also the department with the highest representation of 

female faculty, 29% (NSF, 2011). The lowest number of female faculty at SU was in the 

electrical and computer engineering department where there was only one female faculty 

member out of twenty. This department was closely followed by the physics department (7%) 

and the chemical and biomedical engineering department (7%). The full list of female faculty in 

each SE department can be found in Table 1.  

 

Table 1: Female Faculty at State University during the 2009-2010 School Year as Provided by 

Department Websites at SU 

 

2009-10 Departments Number of Full 

Time Female 

Faculty 

Number of 

Total Faculty 

Percent 

of women  

Biological Sciences 15 51 29% 

Chemical Sciences 5 38 13% 

Geological Sciences  2 19 11% 

Mathematics 9 49 18% 

Meteorology 3 16 19% 

Physics 3 45 7% 

Chemical and Biomedical Engineering 1 14 7% 

Civil and Environmental Engineering 3 18 17% 

Electrical and Computer Engineering 1 20 5% 

Industrial and Manufacturing Engineering 2 15 13% 

Mechanical Engineering 2 24 8% 

 

General Experiences in College for Persisters and Leavers  

All of the participants in this study entered college with a sense of competence in their 

abilities in SE and expectations of success in their chosen SE majors. Yet once in college the 

paths diverged for members of these two groups. Figure 1 shows how competence, performance, 

and recognition varied between persisters and leavers once they entered college. Positive 

examples of competence included earning high grades and believing one was “good at” SE. 

Positive examples of performance included these high grades and being able to transfer these 

competencies to different settings. Positive examples of recognition included being recognized 

by peers and professors for abilities or being invited to participate in research.  

 

Figure 1: Positive Identity Experiences 
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Figure 1 indicates the total frequencies for each type of example across all women in each category. 

 

Figure 2 depicts the negative experiences for persisters and leavers as they relate to 

competence, performance, and recognition. Negative examples of competence included receiving 

low grades and having a sense that one could not succeed in the major. Negative examples of 

performance included receiving low grades despite long hours of study or not being able to 

transfer concepts from one course to another. Negative examples of recognition included being 

singled out as a person who did not understand the coursework or was not being invited to 

participate in study groups or research opportunities. 

 

Figure 2: Negative Identity Experiences 

 

Figure 2 indicates the total frequencies for each type of example across all women in each category. 

 

Both of these figures show that leavers had more negative experiences in terms of the 

formations of their science identities. However, the figures do not tell you how this occurred for 

leavers or how persisters maintained their interests and SE identities despite negative experiences 

that could have made them question their SE identities. In particular, aspects of the chilly climate 

were referenced by both persisters and leavers at similar levels. These aspects fell into the 

following categories: class size, competition, unsupportive faculty, lack of guidance, lack of role 



 

The Chilly Road to Women’s SE Persistence 9 

 

models, weed-out courses, sexist experiences, and unsupportive peers. The number of 

participants who mentioned each aspect of the chilly climate can be found in Table 2.  

 

Table 2: Number of Participants who Mentioned the Chilly Climate in their STEM Majors 

 Class 

size 
Competition Faculty 

Lack of 

guidance 

Lack of 

role 

models 

Weed out 

courses 

Sexist or 

racist 

experiences 

Peers 

Persisters 5 2 7 6 9 8 1 1 

Leavers 3 2 7 6 8 9 0 4 

 

 

The remaining portion of the results section specifically explains how these negative and positive 

experiences were incorporated or rejected by the participants as it relates to their identity 

negotiations.  

 

Persisters–Existing within Contradictions 

The persisters included in this study fit well within most aspects of the conceptual 

framework. All of the women had expectations of success and saw value in their chosen SE 

career (Eccles, 2007). All of the women believed in their competency in the field (Carlone and 

Johnson, 2007). Most of the women perceived that they had positively performed their 

competencies in SE and were recognized by credible others (Carlone and Johnson). This 

competency could be the “social power” that Unger (1998) refers to when she argues that in 

order for positive marginality to exist, the individual must already “possess some degree of 

social power” (164).  

Despite these positive experiences, all but one of these women encountered various 

aspects of the chilly climate that led them to doubt their competency. One persister described her 

organic chemistry class (a weed-out course) as a “different language” that “just never really 

clicked.” She explained that she “got through it” because she “knew that [she] needed to” in 

order to move forward in her major. The sense that working toward a goal (SE degree) was 

relevant and worth the difficulties encountered was mentioned by other persisters as well. 

Persisters discussed large class sizes as difficult for them because they had to “go out and seek” 

their professors, but indicated that the effort of meeting and talking to professors was “worth it” 

because they were interested in the subject and wanted to belong.  

All but three of the persisters in this study discussed gendered aspects of the chilly 

climate as well, including a lack of role models. All of the references to the chilly climate 

discussed the concept of being “the only one” or only female in their classes or departments. 

This concept is referenced in literature on women’s underrepresentation in SE as well. In SE, 

women are members of a culturally stigmatized group and as part of this membership they 

position themselves in relation to the positioning they encounter through their group membership 

(Malone and Barabino, 2009; Slay and Smith, 2011; Unger, 1998). Often women who are 

successful in SE fields are those who are able to author identities that fit the status quo within 

SE: male, white, and middle-class (Johnson et al., 2011; Ong, 2005). The participants in my 

study chose to fit within the status quo of their departments. This result contradicts Unger’s 

finding (1998) in that these participants were not moved to change the status quo based on their 

recognition of marginality rather they attempted to fit within it. 

For example, the three persisters who were women of color participated in redefinition 

strategies that allowed them to maintain the status quo of their SE fields. None of the women 
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necessarily challenged the culture of SE as a male domain. Many of the persisters recognized or 

were in some way affected by their gender underrepresentation. For example, two persisters 

(Laura and Anna) raised the issue of hiring committees that question potential female 

employees’ commitments to their careers because they may choose to “stay home and support 

their family.” Although these students recognized that hiring committees and other credible 

members of society may place them in a stigmatized group due to their gender, they were willing 

to persist in SE fields. 

Five of the persisters discussed outright gender stereotypes when describing the average 

woman–someone that they were not. Caroline best expressed the concept of the average woman: 

I believe that there’s a slight label that women won’t work as hard because they are more 

dedicated to family affairs than career. And that’s not just in science but what I’ve seen in 

many fields and also what I see in many of my female friends versus male friends. 

Unfortunately that has affected me and how I stereotype many women as that.  

Here Caroline explains her own stereotype of women in general, which she says has affected her 

view of women’s ability to succeed—or whether they even deserve to succeed—in SE fields. 

She questions the average woman’s commitment to career over family, and as a result, wonders 

if they deserve opportunities in SE careers because they may leave their careers once they start 

families. Caroline, along with the other four persisters who held similar views, positioned gender 

in a negative way while they simultaneously tried to positively position themselves in SE. They 

purposely highlighted their differences from the average woman and used these differences to 

stress their ability to succeed in SE. 

 Other persisters highlighted their membership within a culturally stigmatized group as a 

positive that could help them to succeed. For example, Jenn believed that her identity as one of 

the few females in her classes made her feel valued because she had “something else to bring, a 

different mindset, like I can offer a different perspective on something and so I would say that 

definitely the science field is dominated by men, but I am not intimidated by that aspect.” 

Similarly, Julie built on the idea of gender underrepresentation as a source of motivation, “I don't 

find that disheartening or discouraging at all [being one of only a few females]. I find it 

empowering. When you see that you're helping out a man in this field, or they're coming to you 

for help, it's very encouraging and it makes you want to better yourself.” 

 The persisters considered the underrepresentation of women to be a source of motivation 

to succeed. Yet they did not want the doors to be opened for “the average woman,” whom they 

believed would not succeed. Unlike Unger’s findings (1998) that marginalized women with 

some form of social power (competence) are often driven to change the status quo, the women in 

my study recognized the marginalization, demonstrated competence, but were not necessarily 

driven to change the culture. The persisters thought their differences and minority statuses made 

them stand out in a positive way, and therefore were less willing to change the dominant 

discourse and status quo of the cultures of SE fields. Many of these women recognized that men 

had historically dominated these fields, but felt that in 2010 (when this study was conducted); 

women could succeed so long as they had equal access. They did not question the social capital 

that men might have in the SE fields.  

 Other persisters redefined the gender discrimination in their departments as the work of 

one individual and not a common culture. Barbara, a physics major, claimed that male faculty 

and male peers had difficulty speaking and interacting with women because it is “intimidating 

for them, because they are not used to [dealing with women].” These types of redefinition 
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strategies were even more evident when specific persisters described sexist and/or racist 

experiences. For example, Barbara described the following encounter: 

I went to a professor’s office hours and I was getting help and then I told him that I had to 

leave because I had dance rehearsal and he was asking me about my dance and I said, ”oh 

I belly dance” and he said to me, ”well isn’t that what they do at those gentlemen’s 

clubs?” And well I don’t know what his conception [was]. 

 

Barbara explained that his behavior was simply based on his inexperience with women and belly 

dancing. Yet this is an example of a woman being positioned into a place of oppression. She 

persisted in her SE major by moving back and forth within the contradiction of wanting to be 

recognized as a physicist, but also as a woman: 

I got an award for being female in physics this past year which is great…It was a 

fellowship for minority students in physics. When I won this award my friend sitting next 

to me said, “minority?”. So they didn’t even think in their mind that I was female, which 

is great. I was glad that they didn’t really see me first as a female but I do want them to 

recognize that I am female. 

Barbara moved between contradicting ideas: being a woman and a physicist. She redefined sexist 

behavior in order to rationalize her place within her SE field, and was willing to put her gender 

aside (being recognized as a physicist first and female second) in order to fully identify with the 

field. 

 Persisters highlighted the redefinition strategies that they employed for persisting: 

making excuses to explain other women’s lack of persistence, making excuses for sexist or racist 

behaviors from SE peers/professors, and/or taking on different identities depending on the status 

quo of the field (e.g., becoming more androgynous so as not to make one’s gender stand out). 

They also redefined the cultures of SE fields, explaining that the level of difficulty or low grades 

they received in weed-out courses were a source of motivation for their persistence. The women 

believed that the cost of the career (e.g., workload, grades, or in some cases, discriminatory 

behavior) was worth the end result. They also were able to separate themselves from the 

“average woman,” in that they were persisting as minorities in a male-dominated field and were 

able to demonstrate successful performances of their competence that were recognized by 

credible others (Carlone and Johnson, 2007). This competence was also something that many of 

them believed the average woman could not achieve. These findings support previous studies 

that indicate women who persist in SE fields not only reproduce the status quo, but also see a 

need to maintain it (Carlone and Johnson, 2007; Johnson et al., 2011; Ong, 2005). If this status 

quo is maintained by men and persisting women in SE fields, then the women who are not 

willing to maintain or accept the status quo will continue to be pushed out of SE majors and 

careers.  

Leavers – Deterioration, but Where and for Whom? 

Carlone and Johnson’s (2007) discussion of the relationships among competence, 

performance, and recognition along with research in redefinition strategies (Slay and Smith, 

2011; Unger, 1998) framed the experiences of most of the persisters included in my study. 

However, there appears to be a need for a stronger framework that guides researchers in their 

understanding of leavers. The participants in this study who left SE majors fell into two different 

categories: those who experienced deterioration of competence but maintained their interest 

(Seely, Tara, Megan, Kathryn, Beatrice, Nella, Patty, Renee) and those who experienced 

deterioration of interest despite high competence (Lily, Malin, Lorraine). It is my contention that 
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these women, particularly those with high competence, could have persisted, but ultimately the 

cultures of SE fields led to their decisions to leave, as indicated in their narrative life histories. 

Consequently, these categories have implications for researchers and educators who are trying to 

frame the underrepresentation of women in SE fields.  

Deterioration of Competence but Maintenance of Interest  

 The first group of leavers represents those students who began to doubt their abilities to 

succeed in SE areas due to insecurities about their competence, which was often combined with 

their inability to identify with the cultures of their SE majors and/or their peers. All of these 

women were shocked by the low grades they received in their SE courses, which did not match 

their expectations after their SE-related success in high school. They also felt that there was a 

lack of support from faculty and advisors when they tried to get help. Although, these factors 

were also cited by persisters in my study, what separated the leavers from the persisters was their 

inability to find supportive mentors and peers who would recognize their performances and help 

them identify with their fields. Often this inability was gender related. All of the women in the 

leaver group referenced gender using gender stereotypes, such as “women are more nurturing 

and caring” than men, men are “less compassionate” than women, and women are “more 

emotional” than men. One leaver, Kathryn, believed that the stereotype “that girls aren’t really 

supposed to be that great at science” was true. Over half of the women in this category used 

gender stereotypes to describe themselves. They all recognized that men outnumbered women in 

their chosen SE fields and often described the successful members of the SE culture as male or 

with masculine terms such as “aggressive.” Consequently, as feminine women, they were less 

likely to see their gendered performances fitting in with SE culture. 

 Other leavers in this category were able to see themselves as fitting in with the type of 

masculine behavior that is privileged in SE, but they did not see the value in it, as explained by 

Seely: 

I guess you would say that most people consider me a more masculine female only 

because I’m determined and aggressive but I think that that’s an insult to females. 

There’s this perspective that women need more assistance. I don’t necessarily look at 

myself as an average female but even that thought, what is my definition of an average 

female? I think that it’s easy for women to be lazy and if you don’t want to have a career 

you don’t have to. A girl at any point can quit doing everything and say,’ well I’m 

married and I just want to take care of my husband’ and that’s completely acceptable by 

society. 

This statement is loaded with gender stereotypes and references the redefinition strategy that 

some of the persisters utilized to help them persist. Seely separated herself from the average 

woman just as many persisters did, but she decided to leave her original SE field.  

 Some of these leavers were unable to fit within with the culture of their chosen SE 

departments/fields not just because of their gender, but also because of their racial/ethnic 

identities. Patty, an African American, referenced the challenge of maintaining both her science 

and racial identities noting that the time commitment required by SE courses prevented her from 

participating in clubs and activities that were culturally relevant to her racial identity: 

I was taking bio and trig and I was spending a lot of time studying and I wanted to get 

involved in other extracurricular things that were important to me. So I decided that I 

wanted to switch to a different major where I would have more time. Now that I’ve 

switched to sociology, I’m involved in a lot of different things, like I work now, and I’m 

involved in NAACP on campus as well as this organization called DREAM [a volunteer 
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organization modeled after Dr. Martin Luther King], and I just feel like I have a lot of 

time to do other things, outside of academics now. That was the major reason why I 

switched out of bio. 

Patty remained interested in SE areas and used some redefinition strategies to argue that 

sociology is a science: “It’s still like the same principles of science…just more about groups of 

people and stuff like that as opposed to germs and organs and things like that.” 

 The women in this category experienced the combined effects of perceived lower 

competency and gendered identity which negatively affected their persistence. They began to 

doubt their levels of competence as they encountered large classes and weed-out courses in their 

SE majors. Although each woman had a unique life history that led to her decision to leave her 

SE major, each could have possibly persisted if she had received some help with course work to 

improve her competence or if her sense that gender was a stigma in SE fields that needed to be 

overcome was challenged.  

 

Deterioration of Interest Despite High Competence  

There are a number of highly competent women who choose to leave SE fields due to 

identity and interest issues. The three women in this section represent this trajectory. Unlike the 

women in the previous section who lost interest in combination with their perceived lack of 

competence, the women in this section demonstrated the competence to succeed in SE fields but 

still chose to leave. Their inability to identify with the dominant discourse of SE caused them to 

lose interest in their chosen SE field. 

All three women were in the top five of their graduating high school classes, and all three 

had completed advanced science and mathematics classes in high school. Once they began their 

college SE majors, they went through the same redefinition strategies that the persisters used to 

continue on their chosen SE path. Lily redefined the stigma of gender by considering her 

underrepresentation as a source of motivation:  

Gender doesn’t play much of a role unless you let it. My general view on gender is that 

initially it doesn’t stop you, I mean there are some things where I have run into, ‘oh 

you’re a girl, you can’t do that’, and ‘I am like, watch me.’ But for general I don’t see an 

immediate impact unless you let it. 

Lily might have persisted—like the persisters—due to her competence and her redefinition 

strategies with regard to gender, but she chose to leave.  

 Lorraine and Malin both referenced the “average woman” using gender stereotypes, but 

made a point to explain how they were different, which was a common redefinition strategy of 

the persisters. Lorraine described this idea: “I mean there’s the more traditional things that I 

don’t really agree with you know, women stay at home.” And Malin described her difference 

from the average woman in her discussion of having more male friends than female friends: 

“they [men] are more fun and less dramatic I would say, unless there is a girl involved then as a 

couple they are dramatic.” Malin described women as “emotional” and “dramatic,” but separated 

herself from this stereotype. All of these women exhibited redefinition strategies similar to those 

used by the persisters. Theoretically, these leavers had the capabilities to persist, in that they 

were competent and were willing to redefine gender in a way that allowed them to assimilate into 

the dominant discourses of SE fields. They described the redefinition strategy of “getting through 

the tough courses to reach their ultimate goal [SE career]” used by many of the persisters. 

Eventually, however, they found that “getting through” their SE majors was not worth the cost.  
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 This group of leavers each found other majors and career options that fit better with their 

identity and interests. Lily mentioned how she did not fit in with her peers in her civil 

engineering major, referring to these students as “uptight”: 

I just saw the science culture as something that as a general rule, the really good ones 

were very uptight, the semi good ones were still uptight and the ones that were sucking 

were uptight because they were sucking…they’re a much more tense culture.  

Not only did Lily feel unable or unwilling to fit in with this dominant discourse, she could not 

find relevancy to her life, making her think that it was not even worth getting through if she was 

losing interest in the material and did not feel that she fit in with her peers. 

I just remember sitting in there (Calc 2) and thinking, ‘Do I really want to be doing this 

for the rest of my life?’ And some of the courses that they were saying you had to take, it 

didn’t fit my idealized perception of what I would be doing and that’s when I decided 

since I love history, it’s something that I could always have fun at…so I decided to 

switch to that.  

In the end, she chose a new major (classical civilizations) that aligned with her interests, identity, 

and goals of having a family, which she did not consider possible in a SE field. 

 Malin and Lorraine mentioned gendered aspects of the dominant discourse that 

negatively affected their abilities to identify with their respective SE majors. Both women cited 

the lack of role models in their SE majors, particularly in terms of female faculty. This was 

particularly influential for Malin because she believed that women “learn better from someone of 

the same sex,” which was not always possible in her biochemistry major where few female 

professors taught her classes. Similarly, Lorraine was aware of the dominant discourse that 

“women are not supposed to be good at doing science.” Both of these women were affected by 

their own concepts of gender and the dominant discourses of SE fields: Malin could not find 

female role models and Lorraine struggled with her sense that men are naturally better at SE 

subjects. Like Lily, both of these women began to lose interest in their SE majors.  

 Malin explained that her change in interest occurred during her first sociology course. 

She committed to pursuing a SE degree, but had not been exposed to sociology curricula in high 

school and found the sociology courses in college more interesting than her SE courses. She 

explained this change: 

I always felt that being a doctor would be interesting, just having the knowledge to 

diagnose people and treat them. But what it takes to get there is boring to me. The science 

classes were incredibly boring to me, even though I was doing well in the classes, I 

started losing interest, and not putting as much effort into them and then just decided to 

change. It wasn’t until I took my first sociology class that I realized that I loved it. And I 

became friends with the teacher. I realized that I was taking my sociology courses as 

electives and loving them but hating my major coursework and I was like, something is 

wrong with that. 

Malin mentioned the same idea of “getting through” SE courses that many of the persisters 

voiced. Yet Malin did not think this cost was worth the end result. She also articulated that she 

felt valued by sociology professors and that she identified more with them than she did with the 

SE faculty members. 

 Lorraine’s choice to leave SE was influenced more by her overall lack of commitment to 

one career: “I went from marine biology and then I wanted to be a lawyer for a little bit. And 

then I got into forensics and I started taking those classes and I thought they were cool.” When 

she entered college she was a biology major because of her interest in forensics, but then she 
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took some psychology courses and found them more interesting: “I like knowing how things 

work and with psychology you know how you work, I mean not biologically obviously but just 

what makes people tick and why certain perceptions are taken in different ways.”  

 Each of these women had slightly different experiences that affected their decisions to 

leave their SE majors. Each engaged in strategies that were similar to those used by the 

persisters. Yet these women began to lose interest in their SE fields. Despite their perception that 

they were unlike the average woman who does not succeed in SE because she is too feminine, 

they chose not to persist because their SE careers were no longer relevant or because SE careers 

were not worth the cost of participating in coursework which was either boring or no longer 

enjoyable. It could also be argued that the dominant discourses of SE fields pushed these women 

out, since they struggled to identify with their SE majors. This loss of interest, despite high 

competence and use of redefinition strategies, is different from the previous group (who lost 

competence but maintained interest). Members of this latter group could have persisted 

(theoretically) if they had only found some relevance (worth) in their own lives for their SE 

subject matters.  

  

Discussion 

 This study contributes to current theories that frame research on women’s decisions to 

stay or leave their SE fields, particularly as they relate to identity. The results show that all of the 

pieces (Butler, 1999; Carlone and Johnson, 2007; Eccles, 2007; Ong, 2005; Slay and Smith, 

2011; Unger, 1998) of the conceptual framework were necessary to explain the various 

trajectories of persisters. Yet the descriptions of the leavers indicate that there are multiple paths 

for leavers that are not explained by these frameworks or their combination, particularly as they 

relate to deterioration of competence but maintenance of interest or maintenance of competence 

but deterioration of interest.  

Both of the leaver categories raise concerns for policy makers and researchers who study 

women’s persistence in SE fields. Members of the first group were unable to persist because of 

the dominant discourse and the ways in which they were positioned as incompetent and 

undervalued. The conceptual framework for this study highlighted the aspects that led to their 

decisions to leave. These participants highlighted the failure of current access policies for women 

that continue to leave certain types of women out–those who refuse to fit in with the status quo. 

The second group of leavers indicates the need for an addition to the conceptual lens of women’s 

identities in SE fields. These women had competence and successful academic performance. 

Their personal identities could have fit in with the dominant discourse of SE fields. Yet they 

chose to leave, not because of how they were positioned by the dominant discourse (because 

based on their competence and redefinition strategies they could have persisted), but because of 

the overall value they placed on becoming part of the dominant discourse. This is a key finding 

of this study since it broadens the definition of leavers and the identity trajectories they take 

within SE. 

These findings are particularly interesting as they relate SU—and other universities that 

attempt to increase the number of women in SE by using access policies—because SU has a 

policy that attempts to improve women’s underrepresentation in SE. Further, two-thirds of these 

young women (both leavers and persisters) were majoring in a life science major, which at SU 

has 55% female student representation. One would assume that these participants would not have 

witnessed the underrepresentation of women in these life science disciplines. However, in these 

departments (and at an institution that declares its commitment to women), the participants still 
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mentioned the chilly climate and an unfriendly dominant discourse within their SE courses and 

departments. This study demonstrates that equal representation of women in specific departments 

and access policies are not fully addressing the chilly climate that continues to maintain the 

underrepresentation of women.  

The results shine light on the individual strategies that women use to maneuver through 

SE fields. Those women who saw themselves as competent (and able to succeed) or who 

redefined the stigma were able to persist so long as they also saw value in the desired SE career. 

The persisters also undertook various redefinition strategies that affected their persistence. They 

redefined negative experiences or behaviors so that they could maintain their identities as SE 

scholars and maintain the overall value they placed in their areas of study. It is important to note, 

however, that the life histories indicate that these women did not challenge the dominant 

discourse of their SE departments, which is consistent with previous research (Carlone and 

Johnson, 2007; Johnson et al., 2011). The women were able to persist with access policies 

already in place in SE fields. Each woman was able to identify with her SE major despite being a 

member of a culturally stigmatized group. The women believed that their personalities and 

behaviors were different from the average female, which allowed them to persist in SE fields. 

Consequently, they saw some benefit in maintaining the status quo because it prevented more 

feminine women from persisting.  

   

 

Limitations 

There were four limitations to this study that could be improved in future studies.  

• First, this study only focused on women. Future studies should include men and women 

to determine if the gender conception and identity issues are similar across persisters and 

leavers, or if there are different factors based on gender.  

• Second, only seven minority students volunteered to participate in the study, and only 

two of these young women referenced their ethnicity/race as negatively influential to 

their persistence in SE. Therefore, the results from this study cannot fill the current need 

in the literature related to the added influences of race and ethnicity on women’s SE 

career decisions. The intersection of race, ethnicity, and gender is incredibly complex and 

should obviously continue to be studied to improve frameworks that guide minority 

women’s abilities to identify with SE cultures.  

• Third, this study only followed these women for one year. I recognize that some of the 

persisters may eventually leave their SE careers once they encounter the dominant 

discourse of the SE workforce. I am currently following up with three of these persisters 

to determine how this dominant discourse continues to affect them.  

• And finally, due to time constraints, I did not observe these students in their classes. This 

aspect could have improved my own understanding of the actual culture within each of 

the SE departments.  

Conclusion  

Despite the limitations, this study of students at SU raises a number of concerns with 

regard to the dominant discourse of SE fields (and departments) that continues to force women 

out of SE majors and careers. Many of the leavers in this study believed in gender stereotypes 

and/or saw themselves as more feminine than the typical SE professional. These women were 

marginalized in their original SE majors due to the dominant discourse of SE fields as masculine, 
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even in presumably female-friendly departments like biology. The dominant discourse of these 

SE fields continues to prevent members of culturally stigmatized groups from feeling like full 

members.  

The leavers provided evidence that additions need to be made to the current frameworks 

used to understand women’s decisions to leave SE fields. The leavers in my study indicated that 

they experienced aspects of the chilly climate, as did their persisting peers. These experiences, 

combined with a sense of declining competence, led eight of these young women to begin to 

doubt their ability to succeed in SE. Yet, these women had demonstrated competence in their 

pre-college education and all maintained an interest in SE in general even after deciding to leave 

their original SE major. This demonstrates the complexities of SE career decisions that are not 

fully explained by current theories. These decisions to leave SE could not be fully explained by 

one conceptual framework.  

There are various SE department cultural issues that affected these leavers. Their 

previous competence in SE brings into question the policy of charging for tutoring by SU’s SE 

departments. Perhaps if these students had had access to free tutoring, this along with their 

continued interest in SE would have helped them to persist. Further, although the majority of 

these young women came from life science majors (mainly biology) which have a female 

representation of over 50%, these students also took SE courses in other departments where they 

were outnumbered (i.e. Physics, Chemistry, Organic Chemistry). This demonstrates that equal 

representation in one department did not translate into equal representation in all departments. 

For many of these women, their perception of themselves as very feminine conflicted with the 

traits they saw as necessary for succeeding in SE fields. The SE departments at SU could address 

these factors through guest speakers who represent a variety of personalities, races, ethnicities, 

and careers so that individuals could see the possibility of success. SU’s current maintenance of 

the status quo (i.e. opening access but not addressing the underlying culture of both the 

institution and various SE departments) is not fully addressing the underrepresentation of women 

in SE fields, indicating the importance of addressing the rationale behind the policies, not just the 

policies themselves. 

For the three leavers who demonstrated competence, it was their lack of interest that 

affected their decision to leave SE. These women provide evidence of addition to current 

frameworks, in that they were competent in SE courses and were participating in redefinition 

strategies to succeed, yet lost interest. Although this study cannot directly link this loss of 

interest to the dominant discourse of SE, it does show a combination of factors that include 

aspects of the chilly climate and a sense that SE was no longer relevant to their lives. According 

to the theoretical framework, these women could persist due to their competence and redefinition 

strategies, yet they no longer saw a value in this. A possible department-related explanation 

could be that weed-out courses are de-emphasizing real world SE examples. Without observing 

more students and classes, it is difficult to determine the answer.  

The stories of these women’s experiences at SU in SE departments highlight how the 

recent second wave feminist policies aimed at improving women’s access to SE fields are only 

improving persistence for those women who have similar beliefs in the sameness of men and 

women or those participants who can utilize redefinition strategies to fit in, as the persisters in 

this study did. SE fields are the fastest growing and most important economically to any nation. 

If women who identify with more feminine stereotypes are not persisting in SE fields due to a 

sense of not fitting in, then the U.S. will continue to lose competent and interested individuals for 

SE careers. The U.S. and institutions like SU cannot afford to continue to maintain the status 
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quo, which is the dominant discourse of SE as a masculine domain. If there are feminine women 

and men who are being pushed out simply because of the dominant discourse and not because of 

their competence, then departments should address these issues.  
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Appendix A 

 

Participants’ Majors and Career Goals 

Participant 

 

 

Self-Reported 

Race/Ethnicit

y 

Original 

Major 
Final Major Career Goal 

Ave 

HS 

Math 

and 

Science 

Grades

* 

Ave 

Colle

ge 

Math 

and 

Scien

ce 

Grad

es* 

Wanda White Biology Chemical-

Biomedical 

Engineering 

PhD/Specializing in robotics 

 

A/B A/B 

Barbara White Physics Physics PhD/Physics A/B A/B 

Robin White Biology Chemistry PhD Chemistry A/B B/C 

Laura White Chemistry Chemistry Physician's 

assistant/Later in 

life chemistry 

teacher 

A B 

Beth White Marine 

Biology 

Geology Master's in 

research 

A B 

Anna White Biology Environmental 

Studies 

Wildlife biologist A A 

Caroline White Biology Biology Veterinarian  A A 

Julie White Engineering Environmental 

Engineering 

Grad school 

engineering 

A B/C 

Jenn Hispanic Biology Environmental 

chemistry 

EPA/Fish and 

Wildlife/SeaWorl

d/Zoo 

A/B B 

Andrea Hispanic Biology Biochemistry/Bio

mathematics 

PhD in 

physiology or 

molecular med 

A A 

Sarah White Physics Physics PhD/Physics  A A 

Mary Asian Biology Biology/Psycholo

gy 

Pediatric 

Endocrinologist 

A/B A/B 

Claire White Chemical 

Engineer 

Environmental 

Engineering 

Grad school 

engineering 

A B 

Jill Hispanic Biology Biology Pediatric Dentist A B 
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Seely White Biology Creative 

Writing/Communi

cations 

Editor/Writer A A/B/

C 

Tara White Biology Humanities Run an exotic 

animal shelter 

A/B A-F 

Lily White Civil 

engineering 

Classical 

civilizations 

Master’s/PhD in 

history 

A A 

Megan White Chemistry Nursing Nurse A A/B 

Malin White Biochemistry Sociology PhD sociology A B/C 

Kathryn White Biology English literature Book 

editor/advertising 

A/B B/C 

Beatrice African 

American 

Chemical 

Engineering 

Chemistry 

Education 

HS Chemistry 

teacher 

B B 

Nella Hispanic Chemistry Psychology Child 

Psychologist 

A A/B/

C 

Patty African 

American 

Biology Sociology Social 

Worker/Counselor 

A A 

Lorraine White Biology Marketing 

Psychology 

Marketing 

representative for 

fashion industry 

A A/B/

C 

Francine White Exercise 

Science 

Social Science 

Education 

Teacher A A/B/

C 

Renee White Biology Environmental 

Studies 

Lawyer/Lobbyist A C 
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