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This study examined the factors that determined whether women will stay in science, 

technology, engineering, and math (STEM) related careers. While research on discrepancies 

between the number of men and women entering STEM-related majors and career paths has been 

conducted in the past, there was not much research that examined why these discrepancies 

existed and how to eliminate them. The purpose of this study was to use Design Thinking 

strategies to explore women’s experiences as students and in a STEM-related profession to 

determine the factors that either keep them in STEM or drive them away. From there, solutions 

were developed that would help women remain in STEM. 

 The research began with a group of six educators who teach STEM curriculum who 

participated in a concept map activity. The goal of this activity was to identify career paths that 

are most closely associated with the field of STEM. Once these fields were determined, the 

researcher conducted a series of interviews. Eight women who did not enter a STEM major but 

ended up in a STEM career were interviewed. Three women who did enter a STEM-related 

major in college but ended up in a different career field were interviewed. The largest group of 

interview subjects was 13 women who studied STEM and remained in a related career. Using 

recordings and typed notes from the interviews, these different points of view were examined 

more closely in an Experience Diagram. Based on the interviews and Experience Diagramming, 

the researcher created eight unique Persona Profiles. Lastly, a group of three women who had 

participated in earlier portions of the study volunteered to meet once more to complete a Concept 

Posters activity. By comparing the experiences of different women, opportunities to support 

women in STEM began to emerge. Intentional and meaningful mentorship arose as one of the 
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main solutions to supporting women in STEM. Additionally, there was a need to represent 

women more equitably in many areas, including the media, leadership roles, and in awards and 

grant allocation. Finally, women need support to work outside of the home and raise a family (or 

be a caregiver of any type).  

The majority of women interviewed for this study both majored in and work in a STEM-

related career, but still faced challenges with being a woman in their profession. This study 

aimed to identify those challenges and develop solutions using the Design Thinking methods 

outlined above.   
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Regarding science, technology, engineering, and mathematics (STEM) related 

coursework and, more specifically, mathematics, researchers have concluded that there is no 

discernable difference in ability between boys and girls. Experts state that if gender differences 

do exist, they are small and only affect specific areas of math skill (Azar, 2010). However, girls 

and young women tend to lack confidence in their abilities related to the STEM field. This lack 

of confidence appears in their achievements in school and career. It also leads young women to 

leave the STEM career track. Female college students are 1.5 times more likely to leave STEM 

after taking the first course in the calculus series (Kuo, 2016). As a young girl, I felt this lack of 

confidence in math and science and often second-guessed my abilities. Later in life, I can still 

feel the ripple effect of this lack of confidence I experienced in school. While I do not know if a 

career in science or math was in my future, I do know that I quickly ruled out these possibilities 

because I believed that I was a keen humanities student, and not a scientist or mathematician.  

Female confidence in STEM-related coursework is reflected not only in standardized test 

scores and choices made in higher education but also in career paths that women take. Although 

women make up half the workforce in the United States, they are underrepresented in STEM-

related fields. According to a report published by the National Girls Collaborative Project (as 

cited by Anderson, 2016), women made up nearly half of the college-educated workforce but 

only 29% of the science and engineering workforce. The report also stated that women were 

significantly underrepresented in high-paying, math-intensive fields, earning only 19% of 

bachelor’s degrees in engineering and only 18% of computer science degrees. Additionally, 

minority women comprised fewer than 1 in 10 employed scientists and engineers. This 
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discrepancy is especially problematic when considering the rate of growth in these job markets 

(Anderson, 2016). 

In 2015, there were 9.0 million STEM workers in the United States, approximately 6.1% 

of all workers in the country. Companies like Amazon, IBM, and many others had thousands of 

STEM job postings listed. The STEM job market grew much faster than employment in non-

STEM occupations over the last decade (Catalyst, 2016). Of those employed in STEM fields, 

women accounted for only a third of the workforce. If women were to compete for jobs in the 

growing field of STEM, they needed the confidence to develop their STEM skills. A heightened 

sense of confidence is also necessary if women expected to receive a competitive salary in 

STEM-related fields.  

If the achievement gap and discrepancies in the workforce were to be reconciled, women 

had to feel empowered to pursue careers in the STEM field. Closing the gender gap in STEM 

careers was critical to creating a workforce that reflected our diverse population and allowed 

women to thrive in male-dominated fields. This study used design-thinking strategies to examine 

the various journeys that women took when entering STEM majors and conversely analyzed why 

women chose to pursue different careers rather than stay the course with STEM. It also examined 

the systems in place that either support or discourage women from pursuing STEM careers. 
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Concept Map: A design-thinking strategy that allows for different ideas to be displayed 

visually. A typical map includes concepts (nouns) and relational links (verbs) related to a given 

subject area. Joseph Novak created this strategy as a technique for organizing concepts that 

illustrate a thorough understanding of a given topic (LUMA, 2012, p. 38).  

STEM: Science, Technology, Math, Engineering.  

Experience Diagramming: A design-thinking strategy that helps to visualize event-based 

research. It helps the researcher consider the impact of critical moments in a person’s experience. 

An experience diagram allows one to pinpoint key decisions, highlight when and how specific 

tools were employed, and identify others who were a part of the experience (LUMA, 2012, p. 

36).  

Persona Profile: An informed summary of the mindsets, needs, and goals typically held by key 

stakeholders. They are a fictional characterization drawn from real research data. Persona 

profiles are comprised of illustrations, descriptive text, and a photo portrait (LUMA, 2012, p. 

34). 

Verbatim: Using direct quotes and anecdotes from the study participants that capture their 

unique individual experience.  

Concept Poster: a presentation format illustrating the main points of a new idea (LUMA, 2012, 

p. 75).  
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Women’s Confidence and Achievement 

Several factors pointed to women lacking confidence in their STEM abilities, and this 

lack of confidence emerged as early as elementary school. While factors show that the genders 

have differences in math confidence and achievement, they are not linked to actual math ability.  

The “stereotype threat” was the prime culprit that leads to girls and young women lacking 

confidence in math. The stereotype that boys are better at math than girls has perpetuated since 

the 1960s and ’70s (Price, 2008, p. 11). “The stereotype is damaging because it demoralizes 

young girls who might want to pursue careers in mathematics and engineering, and it may also 

influence how teachers treat male and female students” (Price, 2008, p. 11).  

This threat of being stereotyped begins as early as kindergarten. The National Center for 

Education Statistics’ Early Childhood Longitudinal Program (as cited by Anderson, 2016) 

tracked two groups of children from 1998-1999 and 2010-2011. These students completed 

standardized testing from the Department of Education, and concurrently, their teachers were 

asked to rate their math-related abilities on a five-point scale. The researchers discovered that 

when kindergarten begins, girls represent 48% of children in the top 50th percentile for math 

performance, but by second grade, they only make up 38% of children in the top 50th percentile. 

Additionally, girls made up 33% of the 99th percentile in kindergarten, but by the end of second 

grade, they were only 15%. While these numbers were worrisome on their own, the author also 

stated that teachers perceived girls with nearly identical mathematical and behavioral profiles to 

be significantly less able than their male counterparts (Anderson, 2016). 
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Girls were not only experiencing negative perceptions of their math ability at school but 

at home as well. Low expectations amongst parents was another factor affecting low confidence 

in math for girls. The journal Sex Roles: A Journal of Research stated that parental attitudes 

about the sexes had an impact on girls’ confidence. The research found that when parents 

endorsed the stereotype that math was a male domain, their daughters underestimated their math 

abilities (United Press International, 2005). A study published in the Journal of Economic 

Perspectives stated that mothers who endorsed a male-math stereotype underestimated their 

daughters’ ability in math (Niederle & Versturlund, 2010). 

These perceptions were essential for a child’s confidence because children’s self-

evaluation of their academic competency appeared to be strongly related to their parent’s 

appraisal of their academic ability, rather than their actual academic performance (Niederle & 

Vesterlund, 2010).  

As one might predict, when girls felt a lack of support and confidence in their abilities 

from their parents and teachers, they began to believe they are not capable. In a study conducted 

in the Netherlands, girls were surveyed on their attitudes about STEM achievements. It was 

found that girls had low confidence and self-esteem in STEM-related fields compared to their 

male counterparts, and even derived less pleasure from STEM subjects. These factors 

contributed to fewer girls being motivated to pursue STEM-related coursework and programs, 

and they aspired less to STEM careers (van Langen, 2015).  

Confidence in STEM subjects is an issue that has plagued young women for decades and 

has long-term effects on women in the workforce -- limited role models for young girls in 

STEM-related fields meant fewer women pursuing these types of professions. Goodman and 

Damour (2011) identified ways girls are harmed regarding STEM role models:  
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The dearth of STEM role models harms girls in two ways. First, as girls begin to consider 

college majors and career trajectories, the choice of STEM fields is not reinforced by 

respected role models; second, the lack of female role models reinforces some negative 

stereotypes held by girls and young women about STEM fields. (p. 1) 

If young girls did not see themselves reflected in fields requiring strong math skills, they would 

continue to believe their negative perceptions about their abilities. They would also deal with the 

negative attitudes held by their peers and professors.  

Perceptions of Women in STEM 

The perception of girls as inferior in STEM-related fields had ripple effects well beyond 

their time in grade school. Once women entered higher education, they were perceived by both 

their peers and professors as less capable. In a study published by the journal PLOS ONE, male 

biology students at the University of Washington ranked their female peers as less 

knowledgeable than their male peers, even if the female peer was a higher performer. The male 

students ranked their male peers higher by three-quarters of a GPA point than their female peers. 

Meanwhile, female students did not exhibit the same bias against their male peers (Grunspan, 

2016).  

In addition to their male peers, male faculty were less likely to respond positively to work 

produced by female students. In a study published by the Journal of Applied Psychology, it was 

shown that male professors responded to the inquiries of potential doctoral students if their name 

was a typical white male name. They would not respond to a name that sounded or was 

perceived as a female or a man/woman of color at the same rate (Akinola, Chugh, & Milkman,  

2015). 
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Once women entered the workforce, they continued to face hardship and even 

discrimination from their male peers. In a study conducted by the American Institute of Physics, 

researchers looked at people who received physics PhDs in the United States in 1996, 1997, 

2000, or 2001 and worked in the country in 2011. Results indicated that equally qualified women 

in terms of education, employment sector, and postdoctoral experience made, on average, 6% 

less than men (American Institute of Physics, 2017). A similar study asked a panel of academic 

psychologists to evaluate the qualifications of potential assistant professor candidates. Two 

candidate packets, labeled “Brian” and “Karen,” were submitted to the panel for review. The 

group chose “Brian” 2:1 over “Karen,” even though the application packets were the same 

(Anders, Ritzke, & Steinpreis, 1999).  

What Do Women Have to Say? 

In a research study published in Frontiers in Psychology, researchers surveyed 5,562 

women who had a bachelor’s degree in engineering to understand the high attrition rate in their 

field. The women were asked to share their opinion and experience on why women would leave 

engineering. Of the women surveyed, approximately 27% (1,464) of the participants chose to 

leave the field of engineering, 10% (554) never entered the field of engineering, and 60% (3,324) 

were still in the field as of 2009 (Chang, Fouad, Singh, & Wan, 2017).  

The balance of work and home life was a significant factor for women who decided to 

leave engineering careers. With an expectation of 40+ hours of work a week, women stated that 

it was challenging to balance a career and home life. Women who had children shared that 

leaving work to care for a child and then returning was extremely challenging. There was limited 

flexibility in engineering, and as it was expressed in the study, there are limited opportunities to 

work part-time (Chang et al., 2017). Additionally, the study stated that childcare was a 
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significant expense that women had to consider when looking at their overall finances, which 

was tied to compensation. One participant of the study stated, “The cost of childcare was very 

high…in my case, it became financially illogical to continue working, and my job satisfaction 

alone was not enough to keep me there” (Chang et al., 2017, n.p.).  

Beyond the issue of the high cost of childcare, unfair compensation was stated as a reason 

for women deciding to leave engineering. Women pointed to unfair pay between men and 

women who had the same skill level. In the study, a woman stated that the difference in pay 

made her consider a career change to a field that would pay more and went so far as to say that 

she would return to get an MBA rather than stay in her current position (Chang et al., 2017).  

Lack of representation in engineering was stated as another reason women did not stay in 

their positions. Women said that it was challenging to be the only woman in the field:  

The biggest problem I experienced was a lack of a female mentor. My last two years 

working as an engineer, I finally found a female mentor; however, she was the 

comptroller of the company, not an engineer. I had no female to whom I could look up to. 

(Chang et al., 2017, n.p.)  

The women in the study said that if they had a female mentor, they would have considered 

staying in their positions for a more extended period (Chang et al., 2017). 

According to this study, violations of both ethical and moral standards were another 

reason women decided to leave their engineering jobs. One participant of this study reported that 

ethical concerns were not well-addressed and that her company often paid hefty sums of money 

to make their problems go away. Additionally, it was stated that “unmet safety needs took the 

form of unfair, and sometimes illegal, organizational practices and policies” (Chang et al. 2017, 

n.p.).  
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In the most extreme of situations, women stated that instances of discrimination and 

sexual harassment drove them out of their jobs in engineering. One participant in this study 

reported that her boss encouraged her to sleep with their customers, and when she refused to do 

so, her boss filed sexual harassment claims against her (Chang et al., 2017).  

Current Initiatives to Address Inequalities in STEM 

Despite the many reasons women chose to leave STEM, there were still initiatives and 

programs that are being implemented worldwide that encouraged girls and women to learn, to 

stay, and to succeed in STEM. People in the private sector, women who have found success in 

STEM, and even lawmakers took steps to create opportunities for women in STEM. In some 

cases, specific laws were put into place to protect women’s rights, while in other cases, women 

worked to share their knowledge to support the next generation of women in STEM.  

Many countries have implemented laws to ensure better equality between genders, 

including specific legislation supporting women in STEM. In France, a plan was launched to 

promote equality between men and women in the digital sector. The program helped women in 

the digital sector by offering orientation and continuing education and access to employment and 

entrepreneurship (Organization for Economic Cooperation & Development, 2018). In the United 

Kingdom, steps were taken to increase the percentage of women taking A-Levels in STEM 

subjects by 20% (OECD, 2018).  

General Electric (GE) had a Women’s Network program that provided professional 

development and other opportunities for women to grow their careers. According to GE’s data, 

the Women’s Network had 70,000 participants in 60 countries over the past 20 years. They 

provided over $1 million in scholarship donations to “develop, inspire, and retain female 

professional talent” (GE, 2020, n.p.). These programs were extended to women working at GE, 
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but they also worked with girls in middle school to help retain their interest in STEM. Camps 

hosted across the United States have been helping and have impacted up to 700 girls.  

Globally, the G20 supported different programs that address gender inequality in STEM. 

In Bangladesh, a program called The Girl Effect “helps build young women’s leadership voice 

and agency by training girls aged 18-24 in data collection techniques and mobile technology to 

collect real-time data in their communities” (OECD, 2013, p. 110). By teaching girls these digital 

skills, the Girl Effect aimed to help girls strengthen their voices within their communities.  

Advice from Women to Women 

As women continue to find their place in STEM, they imparted their wisdom to other 

women trying to find success in STEM industries. In an article published by the Harvard 

Business Review, author Laura Sherbin identified qualities that successful women in STEM have 

in common. In addition to displaying confidence and taking ownership of ideas, Sherbin stated 

that women who are successful in STEM invested heavily in peer networks. These networks 

created a system of support and trust for women and created opportunities that might not have 

otherwise existed (Sherbin, 2018).  

Women pointed to building up proteges in their field as another key to finding success in 

STEM. The relationship between a woman sponsoring a woman and the woman being sponsored 

had mutual benefits. The women being sponsored could receive support, including someone to 

advocate for them, support them when they made mistakes, and even get help with they were up 

for promotion. For the woman who was sponsoring another woman, taking on this type of 

mentoring role can help boost her reputation as someone who could find and support new talent 

(Sherbin, 2018). 
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While research has been conducted that addresses STEM inequities, few studies have 

applied Design Thinking to this problem. Additionally, there are many individual businesses and 

government entities that have attempted to address the inequities in STEM, but have not 

developed one resource that could support a vast majority of industries. Therefore, the purpose of 

this study was to speak to women from a wide range of STEM-related careers, some of whom 

still work in STEM and some who have left, to identify their challenges and suggest solutions 

that could help women in any STEM-related field.  
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Research Methods and Procedure: An Overview 

Concept Mapping (Appendix A) 

First, a group of educators and other individuals in science, technology, engineering, and 

mathematics (STEM) gathered to participate in a Concept Map activity. The group used a 

Concept Map to facilitate a conversation about the characteristics that someone in a STEM field 

may possess. For example, they examined the types of courses a typical student might take in 

their educational careers and the skills one might develop through that coursework. They also 

identified specific careers they would most closely associate with STEM. This activity was used 

to determine who should be interviewed for the second part of this study.  

Interviews (Appendix B) 

The Concept Map activity was used to narrow down a few essential careers or fields that 

the educators associated with STEM. Once these careers or general fields were identified, 

women who were in these career fields were asked to participate in an interview. There were 

three interview groups for this study. The goal of the interviews was to gain more in-depth 

insight into their experiences as a STEM student and how those formative experiences impacted 

their career choices later in life. The questions asked in the interview illuminated critical steps in 

their background that got them to the point where they were at the time of the interviews. The 

conversations helped the researcher understand what forces shaped a woman’s decision to stay in 

STEM or leave to follow a different career path. The interviews ranged from 15-30 minutes and 

included 14 questions. The principal investigator developed the interview questions.  
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The first group of women that were interviewed were those who did not study STEM in 

college but pursued a STEM career later in their professional lives. The second group 

interviewed was women who studied STEM but then chose to leave the field. Finally, women 

who started in STEM-related courses and then stayed on a STEM path were interviewed.  

Experience Diagramming (Appendix C and D) 

As interviews were conducted, the interviewer created Experience Diagrams to display 

the three different groups of women visually. By comparing the experiences of these three 

groups of women, the researcher better understood the reasons why women choose to either 

pursue STEM as a career or change vocation paths. The Experience Diagramming activity 

happened with the interview subject as she shared her experiences with the interviewee with 

further detail added after the interview was completed. As the person being interviewed shared 

her experiences, the interviewer created a timeline that visually represented the journey that a 

person has taken to either stay or leave STEM.  

By comparing the experiences of different women, opportunities to support their STEM 

journey began to emerge. The ultimate goal of this research is understanding the factors that keep 

women on the STEM track and what might deter one from staying in a STEM career. Once these 

women’s experiences were compared, the researchers and participants could have conversations 

about possible tactics to address STEM retention.  

Personas (Appendix E and F) 

The interviews and Experience Diagramming activities completed in the first phase of 

this research led to the development of different Persona profiles by the principal investigator. 

These Persona profiles helped illustrate the various themes that emerged in the Experience 

Diagram in the form of an imaginary person who has shared experiences with the real interview 



TRAINING AND RETENTION OF WOMEN IN STEM FIELDS  14 

 

 

subjects. The researcher compiled the information contained in these Persona profiles. Eight 

Persona profiles were created to encapsulate the many different experiences the women shared 

with the researchers. The personas were used by the researcher and the thesis committee to create 

“how might we” statements.  

Verbatim (Appendix G) 

Personas are a helpful tool when looking at the experiences that so many shared in their 

respective STEM industries. Due to the specific nature of individual anecdotes, the Verbatim 

section of the research was meant to share stories and quotes that could not be generalized into a 

Persona. They were unique to the individual and, therefore, were shared separately. The goal of 

the Verbatim exercise was to provide more context and data for the committee in their creation 

of Statement Starters.  

Statement Starters (Appendix H) 

The researcher and the thesis committee brainstormed “how might we” statements. These 

statements were developed by examining the results of the Experience Diagram exercise, the 

Persona profiles that were designed, and the Verbatim section of research. This data led to the 

creation of three Concept Posters.  

Concept Posters (Appendix I and J) 

The researcher invited the women who were interviewed to participate in a Concept 

Poster activity. The Statement Starter session was shared with the group and was used to start a 

conversation around solutions for the retention of women in STEM. As the conversation was 

underway, a graphic designer took visual notes that were used to synthesize into three posters. 
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Sample, Subject, and Validity 

For the Concept Map portion of the study, a purposive sampling technique was used as 

the researcher identified educators who are knowledgeable about STEM career paths. The group 

was comprised of six educators who teach at the middle and high school levels. There were two 

men and four women included in this Concept Map activity. 

Three different groups of women were interviewed for this study: 

• Group 1: women who studied STEM but did not stay in a STEM-related career. (n = 3) 

• Group 2: women who did not study STEM but entered a STEM-related field. (n = 8) 

• Group 3: women who studied STEM and remained in STEM. (n = 13) 

A purposive sampling technique was used to recruit interview subjects and was based on 

the concept mapping exercise that identified careers closely associated with STEM. Twenty-four 

(n = 24) women participated in the interviews. In some cases, the participants from the Concept 

Mapping activity served as recruiters to find people who may fit into one of the different 

categories.  

For Group 1 and Group 3, the researcher worked with personal and professional 

connections to identify women to be interviewed. Once the interview subjects were found, they 

were categorized into the appropriate interview group. The interview subjects were contacted by 

email, and the interviews took place either by phone or Zoom. In total, there were three women 

who fell into Group 1, while 13 women fell into Group 3.  

For Group 2, the interview subjects were recruited in purposive sampling. Using a similar 

recruiting tactic of tapping into personal and professional connections, women who pursued 

STEM in an academic setting and have continued working in a career related to STEM were 
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asked to participate in these interviews. Again, emails were sent to subjects to recruit them for 

interviews, and the interviews were conducted by phone or Zoom. 

Instrument Development 

The researcher developed the research instruments in conjunction with professors from 

Radford’s Design Thinking program. The researcher created several iterations of the research 

design, and through a process of feedback and refining, developed the procedure and interview 

questions. There were 14 questions for each interview, Groups 1 and 3, and 13 for interview 

Group 2. Questions 1-8 asked for general information from the interview subjects, including 

their job title, marital status, children, college attendance, and other relevant questions. Questions 

9-14 were more open-ended in their design and encouraged the interview subject to reflect on 

their STEM experiences. For Group 2, the question “Did you have any mentors, teachers, or 

professors who encouraged your pursuits in STEM? Please explain your answer” was omitted 

because that group did not pursue STEM in their formal education.  
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Concept Mapping  

A group of six educators from the greater New England area convened a Zoom 

conference call to conduct the Concept Mapping activity. Their teaching experience ranged from 

a first-year teacher to department chairs with 10 years of experience in STEM education. Two 

male educators and four female educators participated in this activity. The grades that these 

educators taught ranged from 6th grade to seniors in high school. The types of STEM education 

that these educators covered in their classroom ranged from physics, biology, math, and 

innovation.  

The participants were asked open-ended questions, and their answers were recorded using 

the whiteboard feature of Zoom. Keywords and phrases were recorded as they discussed the 

questions being posed. The first question was, “What qualities do successful STEM students 

possess?"  

The first question garnered many different responses spanning from general skills to 

more specific technical skills. Figure 1 shows the whiteboard after the group sufficiently 

answered the question with all of the different qualities listed on the whiteboard. All of the skills 

are color-coded in blue. 

 



TRAINING AND RETENTION OF WOMEN IN STEM FIELDS  18 

 

 

 

 

 

Although qualities such as a strong math background tie directly to STEM, many of the 

traits listed by the educators were broader and could be applied to many different types of 

students. Curiosity, confidence, resilience, and strong problem-solving skills were among the 

first few skills that were brought up and would serve students in a variety of disciplines. Some of 

the skills that the educators mentioned during this first round of brainstorming were skills that 

are often discussed in Design Thinking and other fields of innovation. These included a lack of 

fear of failure, collaboration, the ability to tinker with different ideas/materials, and a growth 

mindset.  

The second question posed to the group asked them to brainstorm career paths 

participants associated with STEM. They were asked to dig deeper beyond the apparent 

engineer, scientist, or mathematician. The educators elaborated on each letter in the acronym 

Figure 1. What qualities do successful STEM students possess? 
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STEM. One educator listed professions associated with engineering but broadened the scope to 

research, academic research, and teacher. In the math field, careers such as analysts were listed. 

When looking at the broader range of science, the educators listed epidemiologists, lab 

researchers, and biomechanics as other possible careers.  

One of the Concept Mapping participant’s insight was that while many white-collar jobs 

were the first to be listed in our brainstorm initially, many blue-collar jobs also required workers 

to possess a degree of STEM training and skills. The positions mentioned were carpenter, 

mechanic, electrician, and other types of trade work. Figure 2 shows a comprehensive look at the 

kinds of careers discussed during the second question of the Concept Mapping activity. All 

occupations that were considered are listed in green.  

 
Figure 2. What types of jobs do you associate with STEM? 
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While some of the careers listed were jobs that would be considered traditional in STEM 

(medicine, lab researcher, engineer), it became clear through conversation that many fields 

associated with STEM were emerging as technology becomes more advanced. Coding, artificial 

intelligence (AI), and robotics were just a few careers mentioned that are becoming more 

prevalent in today’s world.  

The final question posed to the group asked the educators to consider what type of 

coursework would be valuable for STEM learners to take during their educational careers: “What 

types of classes should students be taking if they want to move into a STEM field?” Figure 3 

shows the results of this conversation.  

 

 

Figure 3. What types of classes should students be taking if they want to move into a STEM field? 

What skills should students hope to take away from STEM classes?” 
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Right away, Design Thinking and Computer Science was mentioned. Practical skills, 

such as taking a shop or robotics class, were important to the group. These hard skills are not 

only useful in STEM industries but also show potential employers that people have formal 

training in their respective fields.  

As the conversation progressed, it became clear that while specific courses were helpful 

to look at, ultimately, what the question was asking the participants to think about was what 

skills students would take away from each class. The difference is that students already possess 

some skills intrinsically. This question looked at what an educator, such as the ones in this group, 

would hope to impart on his or her students by the end of a course. The pivot from the original 

question came when one participant offered the idea of an authentic challenge as a skill that he 

hoped students would take away from a course.  

Some of the skills mentioned in this portion of the discussion included researching, 

reading, writing, and speaking. Research and investigative skills were mentioned, and 

particularly, the ability to read and understand research in academic literature was essential to 

this group. According to one participant, writing should be a skill that students learn: “I strongly 

believe writing because if you do it and you do not share it, it’s not science; it’s just messing 

around.” Public speaking was similarly crucial in conveying the ideas of students. 

The importance of collaboration was mentioned in several different ways. One participant 

said that in her classes, “playing well with others” was a learning goal for her students. The 

group discussed the idea that working as a team was not always something that is emphasized in 

STEM but was vital to them. There was discussion of teamwork being a valuable skill, but 

perhaps not one that is needed. They posited that in the medical or research field, it might be 

more critical, while cooperation may not apply in other areas.  
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After this activity, the group took all of the ideas that were brainstormed and grouped 

them by theme. Figure 4 shows the groupings and themes found through this exercise.  

 

 

The group identified six themes that emerged through the discussion. These themes are 

(1) general/soft skills, (2) academic skills, (3) curiosity, (4) growth mindset, (5) communication, 

and (6) computers. 

The limitations of Zoom made the space to move each idea and to enclose every word or 

concept into the bubble difficult. The terms that are not directly in a bubble are careers. The 

group decided that they would organize the professions so that they were as close to the 

associated bubble as possible.  

 

Figure 4. Grouping Results 
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Interviews  

A total of 24 interviews were conducted for this research. All of the subjects were 

women, but ages, careers, and experiences varied. The youngest participant was 3 years out of 

her undergraduate studies, and the older women had careers that spanned over 40 years. Sixteen 

were in healthcare-related jobs, and four were current or former engineers. One woman worked 

in finance, one woman was an architect, one woman worked as a home health educator for the 

Head Start program, and one worked in Geographical Information Systems (GIS), where she 

tracked wildfires. See Figure 5. 

Most of the women (19 out of 

24) stated that they were married at the 

time of the interview. Only one woman 

said that she was divorced, while the 

other women simply stated “single” as 

their marital status. Two women 

interviewed identified as a member of 

the LGBT community. Of the women 

interviewed for this study, 12 had 

children, one woman was expecting her 

first child, and the remaining 11 women 

did not have any children. Four of the 

women interviewed had young children (10 years old or younger), and the other eight women 

had adult children (20 years old or older).  

Figure 5. Breakdown of Interview Participants’ 

Current Professions 
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Twenty-three (n = 23) out of the 24 women or 95% of the women interviewed for this 

study were Caucasian. One woman self-identified as an immigrant to the United States, and the 

one non-White woman was a first-generation immigrant to the United States. Only one of the 

women lived out of the United States in Canada.  

To better understand and examine the findings from the interviews, the researcher used 

Design Thinking methods to summarize and analyze the results. The Experience Diagrams were 

used to identify bright spots, pain points, and opportunities throughout a woman’s career. The 

varied perspectives and experiences that were examined in the interviews required the 

development of eight unique Persona profiles. Finally, a section titled “Verbatim,” was created 

for stand-out stories that could not be generalized.  

Experience Diagrams 

The development of Experience Diagrams began by creating a timeline of the interview 

subject’s life from the early years to the present day. From there, the researcher’s interview notes 

were organized into three categories: Pain Points, Bright Spots, and Opportunities. The 

information was then placed into the spreadsheet under the appropriate column of the timeline. 

Some of the women interviewed had many anecdotes and experiences to share with their 

researcher; meanwhile, others had fewer experiences that pertained to this study. For this reason, 

some of the spreadsheets are less robust than others. Figure 6 shows an example of an 

Experience Diagram for one interview subject.  
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Personas 

After conducting 24 interviews with women, Persona profiles were developed to 

summarize the experiences of the participants. These Personas were used as the launching point 

of the “how might we” statements generated by the researcher and the research committee. Due 

to the small sample size, some of the Personas are based on two participants, while others draw 

on the experiences of three or more women. See Appendix F for Persona profiles.  

Jamie’s experience was drawn from three women in engineering who expressed having 

lots of support and role models in college, but who felt that women were underrepresented and 

looked down upon in their respective industries.  

Rebecca’s experience was based on two women in engineering who had fewer positive 

experiences in college, but who felt more valued in industries. While Rebecca’s experience was 

not as common, it should be noted that some women do have positive occurrences once they 

begin their careers.  

Alison was based on two women who work in healthcare data analysis. She was meant to 

represent the women who had strong math proficiency from a young age and who had an interest 

Figure 6. Experience Diagram  
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in healthcare, but felt that they were either not drawn to a medical degree or who were steered 

away from an MD.  

The Persona of Eleanor was developed from marrying the experiences of two women 

who were both in healthcare administration, are approximately the same age, and who have 

children who are around the same period. These women had the support to work and raise 

families, and they did not perceive any barriers in the career due to their gender. 

Bethany was based on the women who were in the second phase of their career. Bethany 

worked and raised children while supporting her husband’s professional and educational 

pursuits. With her children grown and out of the house, Bethany struggled with the fact that she 

did not have a Master’s or higher degree; she felt that she was an expert in her field, but had to 

convince her managers that this was true.  

Mary was the CEO of a woman-owned healthcare company and had made it a point to 

hire diverse people to her team. After years of working for other people and dealing with sexism 

in the workplace, Mary decided to pave her way. Despite being the boss, Mary still encountered 

sexism when she was presumed to be a secretary rather than the boss.  

Susan’s Persona was developed by looking at the experiences of two women who work in 

information technology. Susan had varying degrees of support in her STEM career, but she 

found in her professional life that her bosses were often fair to all employees and rewarded 

people based on merit.  

Finally, Lydia was developed to highlight the experience of women who immigrated to 

the United States and had strong STEM mentorship in their youth. From a young age, Lydia was 

passionate about architecture, which is part of the reason that she continued to deal with gender 

inequality in her field.  
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Verbatim  

The Personas compiled for this study are intended to help the researcher track trends from 

the interviews conducted earlier. However, there were many individual experiences shared by the 

women that were specific to their profession that could not be grouped. Due to their value in 

understanding women’s involvement in STEM, the researcher shared these direct quotes with the 

thesis committee so they could get a full picture of the data received. The experiences and stories 

were summarized with direct quotes from the women who were interviewed. They were meant to 

give specific examples of pain points and opportunities that arise for women in STEM. The 

names used below are pseudonyms to protect the confidentiality of participants.  

Pat M., a pharmacist by training, was working in the field of clinical pharmacy as a 

consultant in fraud, waste, and abuse at the time of the interview. She shared a story of working 

in a retail setting early on in her career as a pharmacist: “I was working in the pharmacy, and this 

guy came in and said, ‘I want to talk to the pharmacist.’ When I said, ‘speaking,’ he said, ‘no, I 

want to talk to that guy.’ That guy was a porter or something. ‘Best of luck!’” 

Laura P. worked in clinical effectiveness at a hospital in Massachusetts. When asked if 

she thought that it is hard to pursue STEM as a 

career and to stay in STEM subsequently, 

Laura said, “I think it’s more about power. Did 

the people in power happen to be men? Yes.”  

Jacqueline F. worked at hospital in 

Boston as the Director of Clinical Support 

Services. She had been working at the hospital 

in many different roles and at varying levels of 
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responsibility for 28 years. Upon reflection, Jacqueline made the following statement about the 

perception of women in the hospital: “Women are just bitches, guys can do the same thing and 

are brilliant.” 

Emily H. received her master’s degree from a university in New Hampshire in GIS. 

Emily shared that she found her master’s program to be very difficult and that it just did not 

“click.” She had a challenging experience with her advisor, who tried to push her towards the 

sociological aspects of the program rather than the hard sciences. During her thesis dissertation, 

that same advisor asked Emily, who was moving to Canada to begin her Ph.D. research, if she 

was moving “to become a stay-at-home-wife.”  

Luckily for Emily, her experience was better in her Ph.D. program. She runs a women’s 

group that is named for a satellite she and her peers use to collect data. This group seeks to create 

a community for women in a 90% male and White-dominated industry. They amplify each 

other’s voices through Twitter and different storytelling events.  

Lana D. worked in healthcare data and technology. She had many anecdotes about being 

a woman in STEM, but she shared a story about being at a symposium with a panel of women 

that stood out. A woman on the panel was asked what necessary trends in character are needed 

for women in leadership. She responded that 

often these characteristics are aggressiveness 

and other testosterone-equivalent qualities like 

lack of consideration or empathy. Lana then 

said, “Making it in STEM is difficult. Women 

versus men have to be twice as talented, work 
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twice as hard, and have perseverance in the face of ambiguity. There is discrimination in pay, 

and a condescending approach is prevalent.”  

Cindy J. shared a story of working with a man who was frustrated that she had more 

knowledge and technical skills than she did, and in his frustration, called her a bitch. She 

continued by saying, “I have been called a bitch more than once just because I had knowledge 

and confidence and claimed my place in the room.” She stated that, of course, these situations 

were inappropriate and demoralizing, but she was older when they occurred. She wondered if she 

were a younger woman if the offensive language would have been harder for her to handle.  

Monica L. was the only medical doctor that was spoken to for the interviews of women in 

STEM. She practiced medicine for 25 years before moving into healthcare quality. She 

expressed that everyone but her parents discouraged her from pursuing medicine and that she 

was discouraged from becoming a doctor, “every step of the way.” Even after she received her 

medical license, she dealt with sexist jokes, harassment, and being pushed aside.  

Statement Starters 

The researcher and the committee met in a Zoom conference room to discuss the results 

from the interview portion of the research and to brainstorm “how might we” statements. The 

following list is the statements that were brainstormed in the hour-long session: 

1. How might we get male STEM dominated fields more accustomed to and respectful of 

female leadership? 

2. How do we make STEM less intimidating for women? 

3. How might STEM professions support women who choose to have families? 

4. How might we prepare women for inequality in the workplace? 

5. How might we normalize more inclusive conversations? 
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6. How might we have better female representation in STEM in the media? 

7. How can we support mentors to encourage mentees to pursue STEM? 

8. How might we provide leadership training opportunities? 

9. How might we have better access to professional credentials? 

These statements were the launching point for the final Design Thinking workshop that was 

conducted for this research.  

Concept Poster 

The final Design Thinking workshop for this study invited the women who contributed to 

the Concept Map and the women who were interviewed to participate in an interactive activity. 

To begin this activity, the principal investigator shared a brief overview of the research, with a 

focus on Statement Starters. Once the material had been introduced to the group, they opened the 

conversation up and explored potential solutions for three different statements.  

Three women who participated in earlier activities were available to complete the 

Concept Poster activity. One woman, a middle school biology teacher, participated in the 

Concept Map activity. The two other women, an architect, and a GIS Ph.D. candidate, had been 

interviewed by the researcher. The researcher also invited a graphic designer who took visual 

notes while the conversation was in progress. These notes (Appendix J) were eventually used to 

create a Concept Poster that summarized the findings of this activity. Figures 7 and 8 show the 

notes taken during this session.  
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Figure 7. Page One of Graphic Notes 
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The group was presented with a brief overview of the research methods and findings, and 

then spent the majority of the hour together thinking of solutions to the Statement Starters. The 

group initially focused on the question of “how might STEM professions better support women 

who choose to have families?” The results of this conversation were captured by the graphic 

designer taking visual notes. The discussion included many different challenges that women and 

Figure 8. Page 2 of Graphic Notes 



TRAINING AND RETENTION OF WOMEN IN STEM FIELDS  33 

 

 

parents generally face in the workforce. The group brainstormed many ideas to solve the issues 

that families might face when they try to balance parenting and working and generated three 

leading solutions: (1) job-sharing, (2) subsidized daycare and paternity leave, and (3) better 

mentorship and leadership opportunities to promote personal and professional growth.  

The robust conversation about work/life balance (or lack of) in STEM led to examining 

the statements regarding mentors and leadership. The women discussed a number of the 

proposed Statement Starters and decided that a few of them could be combined, and this would 

be a better representation of the ideas they were trying to convey. The statement starter they 

developed asks, “how might we provide leadership and mentorship opportunities to make STEM 

more inclusive?”  

The second Statement Starter that was examined garnered the most solutions. Mentorship 

was discussed in more detail. First of all, the women agreed that mentors should be self-selected 

and have a strong desire to take on this type of role. Another possibility was to make mentorship 

a part of any job description for transparency. Secondly, people who served as mentors should be 

given incentives for serving in this capacity, and it was proposed that this could be financial or 

another type of professional benefit. Mentors should have a network that supports them, and 

there should be some sort of evaluation to ensure that they are adding value to their mentee’s 

experience. Lastly, organizations should consider a horizontal model of mentorship, meaning 

that peers can support each other in a more formal capacity.  

Finally, the group shifted their focus to the question, “how might we normalize 

conversations and make sure there is better female representation in STEM in the media?” The 

creation of this final Concept Poster required the researcher to create a narrative that describes 

the ideal future for female representation in STEM in the media.  
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Both the literature review and research of this study point to measures being taken to 

support women in STEM, yet there is still work to be done. The research garnered many helpful 

ideas and solutions to the issue of women leaving STEM, but there were limits to the study itself.  

With a sample size of only 24 women (n = 24), there were gaps in experiences being shared. Due 

to the small number of women interviewed, and the small number of industries represented, the 

solutions that were developed in this research cannot be considered a fully comprehensive list. In 

the future, a larger number of women from more varied industries should be invited to contribute 

their insights to additional research on the topic of women in STEM.  

While many initiatives are happening in specific industries and organizations of STEM, 

substantial change will not occur until there is a wide-spread and systematic overhaul. 

Governmental, educational, and professional organizations are all responsible for promoting and 

rewarding inclusivity and diversity in STEM. General Electric was one of the major corporations 

cited in the literature review that had programs to support women in STEM. Its Woman’s 

Network program provided professional development and other opportunities to 70,000 

participants worldwide and has allocated over $1 million in scholarship funds to support and 

retain female professional talent (GE, 2020). The research conducted for this study found that 

professional development and networking were both important for women looking to become 

leaders in STEM fields.  

Governmentally, subsidies and other programs must be developed to support parents and 

other caregivers who want to remain in the workforce. Prohibiting discrimination is one way that 

the government can help women in STEM, but there could be mandates that actively drive 



TRAINING AND RETENTION OF WOMEN IN STEM FIELDS  35 

 

 

women into STEM-related fields. There should also be legislation that requires equal 

representation of women in STEM in the media, including a media campaign that shows women 

in leadership positions. The G20 was a global organization that was cited in the literature review 

and had programs to help girls and women strengthen their voices within their communities 

(OECD, 2013). Having a platform such as the G20 is one important way that women’s voices 

can be elevated in STEM, and such initiatives should be broadened to national and local 

governing bodies. 

All levels of education must continue to strive for diverse student and faculty 

populations. Women who were interviewed for this study had varied experiences with 

mentorship at the undergraduate level. The women who did have an influential mentor found that 

they had more doors opened to them because of the professional connections a mentor provided. 

Women should also be given equal opportunities to be hired as interns and as fellows, be given 

research grants, and be considered for teaching assistant positions.  

Finally, individual organizations in all fields of STEM must create systems that support 

and promote women in STEM. All STEM professions should be committed to hiring qualified 

women and encouraging them to leadership positions whenever it is appropriate to do so. They 

should also have support from their peers once they have been hired. In the article from Harvard 

Business Review by Laura Sherbin, having another woman to support a fellow female in the 

workplace can have mutual benefits for both parties. First, there would be advocacy for the 

woman being supported. This advocacy may look different depending on the situation but could 

include help with workplace issues or when mistakes happen, or as an advocate for job 

promotions. Secondly, the woman who offered her support would be seen as someone who could 
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find and support new talent for a company (Sherbin, 2018). Additionally, women should be paid 

equally and should be eligible for raises and promotions. 

There is much to do for women in STEM, but there has also been significant progress 

made in many areas. The research conducted serves to not only come up with new solutions for 

women in STEM but should also serve as confirmation that there are organizations and 

individuals committed to the retention of women in STEM fields.  
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Appendix A- Concept Map Procedure 

Materials: Zoom conference room with whiteboard capabilities 

Time: 30- 45 minutes 

Number of Participants: ~5 middle and high school educators 

Directions: 

• Participants will be asked to think about STEM. Guiding questions include:  

o What qualities do successful STEM students possess? 

o What types of careers do you associate with STEM beyond the obvious 

mathematician, scientist, or engineer? 

o What types of classes would students need to take to enter these types of careers? 

• Participants will reflect on these questions and may decide to include more questions that 

help them to reflect on STEM and STEM students. 

• The facilitator will document the ideas of the group using the whiteboard feature of 

Zoom. They will color-code each question for ease of reading the information.  

• When all of the participants have contributed to the Concept Map, participants will 

organize their ideas.  

• Ultimately, participants should be aiming to identify careers most associated with STEM, 

as well as any qualities that would lead a person to STEM-related majors or careers. 

• This information will be used to identify interview candidates in a variety of fields. 
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Appendix B - Interview Questions 

Interview Questions – Groups 1 and 3  

1. Please state your title. 

2. Are you married, single, or divorced? 

3. Do you have any children? If so, hold old, are they? 

4. What is your level of education? 

5. What were your parent’s levels of education? 

6. What were your parent’s career paths? 

7. Where did you attend college, and what did you major in? 

8. What were your career aspirations when you were a student?  

9. Did you have any pivotal experiences (positive or negative) that determined your career 

choice? This can be any time between birth to now.  

10. When you entered the workforce, what types of jobs or career paths were you pursuing? 

11. What led you to the position that you currently hold? 

12. Did you have any mentors, teachers, or professors who encouraged your pursuits in 

STEM? Please explain your answer. 

13. Did you find it difficult to pursue a STEM career path? Please explain your answer.  

14. Have you found it difficult to remain in a STEM field? Please explain your answer.  

Interview Questions – Group #2  

1. Please state your title. 

2. Are you married, single, or divorced? 
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3. Do you have any children? If so, hold old, are they? 

4. What is your level of education? 

5. What were your parent’s levels of education? 

6. What were your parent’s career paths? 

7. Where did you attend college, and what did you major in? 

8. What were your career aspirations when you were a student?  

9. Did you have any formative experiences that determined your career choice? 

10. What led you to the position that you currently hold? 

11. When you entered the workforce, what types of jobs or career paths were you pursuing? 

12. Did you find it difficult to pursue a STEM career path? Please explain your answer.  

13. Have you found it difficult to remain in a STEM field? Please explain your answer.  
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Appendix C - Experience Diagrams Procedure 

The researcher will conduct the experience diagram exercise during the interviews. The 

experience diagrams will be created as a way to visualize each woman’s experience in the field 

of STEM. The experience diagram will be organized linearly, with information documented 

chronologically based on the interviewee’s responses to the questions being asked. The 

experience diagram will focus on three different areas- bright spots, pain points, and 

opportunities from each woman’s experience in STEM. Organizing the information in this 

manner will allow the researcher to identify different opportunities for innovation in the areas of 

marketing, recruitment, or retention in STEM-related career fields.  
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Appendix D – Experience Diagrams (Original Worksheets) 
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Appendix E - Personas Procedure 

The researcher will develop the Persona after the interviews. The Personas will summarize the 

experiences of the women who were interviewed to identify trends and themes. These Personas 

will be presented to the thesis committee and will be a launching point for the Statement Starter 

activity that the group will conduct.  
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Appendix F - Personas Results 
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Appendix G - Verbatim Procedure 

The Experience Diagram will be used by the researcher to pinpoint specific quotes or anecdotes 

that cannot be generalized into a Persona. They will then be written up in a narrative. The goal of 

the Verbatim section of this paper is to highlight the unique and individual experiences that 

women have faced during their professional or educational careers in STEM. This information 

will be used along with Personas to create Statement Starters with the research committee. 
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Appendix H - Statement Starter Procedure 

Materials: Zoom conference room with whiteboard capabilities, Statement Starter Supplemental 

Packet, PowerPoint presentation  

Time: 45 minutes – 1 hour 

Number of Participants: 4, committee members and researcher 

Directions: 

• The research will begin by sharing the Experience Diagrams, Persona Profiles, and 

Verbatim to the group. 

• The group will discuss the findings and begin brainstorming “how might we” statements. 

• The researcher on the Zoom whiteboard will record the statements. 

• Once the group feels that they have done a sufficient job of brainstorming, they will 

organize their findings. 

• These statements will be shared with the group of women who will participate in the Big 

Concepts Poster. 
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Appendix I - Concept Poster Procedure 

Materials: Zoom conference room with whiteboard capabilities, Thesis PowerPoint 

Time: 45 minutes – 1 hour 

Number of Participants:  

Directions: 

• The researcher will begin by sharing a summary of the research findings. 

• The researcher will then focus the group’s attention on the Statement Starters developed 

by the research committee. 

• The participants in the Big Concept Poster activity will vote on the top three Statement 

Starters that they wish to explore more thoroughly. 

• For each Statement Starter, the women will brainstorm various solutions to the questions 

they are exploring in depth. They will encourage them to explore all possible answers. 

They should not worry about time, money, or other resources at this point. 

• As the women are sharing ideas, a scribe will be recording their answers in the sketch 

form.  
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Big Concepts Posters 
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Appendix J - Consent Forms
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