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Abstract 

The rapid advancement of technology has been viewed with both a sense of wonder and 

trepidation.  Science, technology, engineering and math (STEM) innovations like PCs, the 

world-wide web, social media and smart phones have fundamentally changed the way we 

work, communicate, govern and educate.  This change has been so rapid and so profound, 

that the educational system in the U.S. finds itself trying to catch up.  In the past 50 years, we 

have experienced a technology revolution and demand for a tech-savvy workforce is rapidly 

outpacing the supply. Many efforts have been and continue to be underway at the state and 

national level to expand the STEM job preparedness pipeline, including programs targeting 

under-represented groups like women and minorities. Yet, despite initiatives over the past 30 

years, the proportion of women in STEM remains 15-20% and the demand for STEM 

workers is outpacing supply. This participatory research action study explores the 

intersection of education and culture as it relates to the local STEM job preparedness pipeline 

and offers recommendations to expand the pipeline. 

Keywords: STEM pipeline, gender gap, computer science, STEM culture, STEM 

education 
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STEM Job Preparedness Pipeline: 

Addressing Education & Culture Locally 

Jobs in information and computing technology (ICT) are expected to grow to 4.2 

million in the U.S by 2020. That is 150,000 new computing jobs every year, which will 

represent 70% of the future science, technology, engineering and math (STEM) jobs. 

Unfortunately, there are currently not enough students in the educational pipeline studying 

STEM fields to fill those positions (Computing in the Core, 2010). A recent study from the 

Brookings Institution found that STEM graduates have the best opportunity for employment 

and earnings while highlighting that the American education system is not aligned to this new 

reality (Rothwell, 2013). There is untapped potential in the STEM job preparedness pipeline 

because 74% of girls in middle school say they are interested in studying STEM subjects 

(Modi, Schoenberg & Salmond, 2012) while less than 20% of women graduate with STEM 

field degrees (Ashcraft, Eger & Friend, 2012).  

In 1987, I graduated with a degree in computer science and at that time, women were 

not well represented in the field of technology, so I was eager to create pathways for more 

women. I started my career at IBM and later morphed into an independent technology 

consultant, helping companies implement testing methodologies and designing websites. In 

2001, I found my way into a computer lab for teaching technology to K-8 students. Yet, as 

steeped as I was in the culture of technology, it was not until I attended a conference in 2010 

that I learned about the steady decline of women studying computer science and the extent of 

the STEM education crisis.  
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Even though the national STEM crisis appears to be well documented, the underlying 

causes and gender gap issues often remain a mystery. The effects on local communities and 

the actions needed to address the crisis are lacking. The Brookings Institution confirms that 

while the federal government is making investments and policy decisions around STEM 

education to boost interest, it is state and local governments that need to take "primary 

responsibility for funding and administrative support" of efforts to grow a local STEM-

knowledgeable workforce (Rothwell, 2013, p. 23).  

STEM education suffers from issues related to quality and access. There have been 

many initiatives in the past 30 years to address STEM education, yet the overall crisis 

continues unabated, as the culture proves stubbornly resistant to change.  Marshall McLuhan 

alluded to this challenge, that while "everything is changing - you, your family, your 

neighborhood, your education, your job, your government, your relation to 'the others'” 

because of this great period of technological transition, we resist it and face great anxiety 

because we continue “trying to do today's job with yesterday's tools - with yesterday's 

concepts” (1967, pgs. 8-9). 

Cultural change is slow and does not often happen from the top down, but from the 

bottom up. This research study looks at the issues from a grassroots perspective. The purpose 

of this participatory action research study is to explore local issues related to a constrained 

STEM job preparedness pipeline and determine support from local stakeholders including 

technology leaders, educators and parents to alternative, nontraditional educational pathways 

to expand the pipeline, especially for girls. 

This study outlines the history of the STEM crisis, explains the pipeline metaphor, 

examines the cultural issues around the gender gap and explores the current state of the local 
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pipeline. It provides a recap of the focus group session: the barriers to the STEM pipeline, 

disconnects between education and employment, girls' interest in STEM, programs targeting 

girls, nontraditional educational pathways and next steps. Finally, it addresses the question of 

whether action to address the STEM job preparedness pipeline is possible and desirable by 

the local stakeholders. Educators, parents, business and community leaders can use the 

findings from this study to inform policy decisions and make changes needed to improve the 

local STEM job preparedness pipeline. 
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Literature Review 

Introduction 

The crisis in STEM education has been the subject of much research and a hot topic 

of debate at the highest levels of the U.S. government for the past 30 years. Yet the U.S. 

educational system continues to struggle to fill the STEM job preparedness pipeline. At the 

heart of this intractable issue is the STEM culture itself.  Stereotypes, gender bias and 

messaging issues abound, discouraging many potential students from making it anywhere 

near the pipeline. 

STEM Crisis 

STEM competency is often viewed through the lens of national security and 

competitiveness. "Our nation is at risk”, wrote Garner & Larsen in their 1983 report to the 

Secretary of Education, “our once unchallenged preeminence in commerce, industry, science, 

and technological innovation is being overtaken by competitors throughout the world" (p. 9).  

That same year, the National Science Foundation (NSF) delivered its own report titled, 

“Educating Americans for the 21st Century.”  Both reports highlighted the need for 

improving STEM education. The NSF’s report issued a specific challenge that by “1995, the 

Nation must provide, for all its youth, a level of mathematics, science and technology 

education that is the finest in the world” (Coleman, Selby, et al., 1983, p. 1).  

In 2007, Congress passed the America COMPETES Act, which continued to address 

concerns about U.S. competitiveness related to STEM. In particular, it focused on the 

American labor pool, concerned that not enough students showed proficiency in science and 

mathematics and that an insufficient number of students were pursuing post-secondary 
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STEM degrees (Stine, 2009). With COMPETES came the assumption that STEM knowledge 

is necessary for all Americans, not just those entering STEM careers (Stine). A 2009 report 

titled, "Rising Above the Gathering Storm," reiterated these concerns in terms of economic, 

military and cultural well-being. It found that the U.S. ranked 16th of 17 nations in the 

proportion of 24-year-olds who earned degrees in science and engineering as opposed to 

other majors. "Throughout the 1990s, fewer than half of undergraduate students who entered 

college intending to earn a science or engineering major completed a degree in one of those 

subjects" (National Research Council, 2009, p. 98). A great majority of those dropping out 

were found to be women and minorities. 

"If current trends continue, by 2018 the industry will only be able to fill half of its 

available jobs with candidates holding computer science bachelor’s degrees from U.S. 

universities" (Ashcraft & Blithe, 2010, p. 9). The National Science Board created a National 

Action Plan in 2007 to address STEM education needs. They outlined two main challenges 

facing STEM education in America - consistent and meaningful STEM standards and a 

sufficient supply of competent STEM teachers. "Rising Above the Gathering Storm" was 

revisited in 2010 and one of the positive outcomes documented was the development of a 

more rigorous STEM K-12 curriculum. This has subsequently led to the Next Generation 

Science Standards completed in April, 2013 which have been adopted by 26 states (NGSS, 

2013). 100Kin10 was launched in 2011 as a response to President Obama's State of the 

Union Address, which identified the need for 100,000 new STEM teachers in 10 years to 

meet growing demand for STEM workers. 
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The Myth 

There is a vocal minority that believes the STEM job crisis is a myth. They point to 

data showing that only one of every two STEM college graduates is hired into a STEM job 

each year (Salzman, Kuehn & Lowell, 2013). This is countered with the notion that 

technological innovations have changed the landscape of industry so quickly, that traditional 

categorizations of employment are obsolete as STEM knowledge is becoming more 

important across a broader variety of industries. In fact, the Brookings Institution found that 

currently 20% of all jobs require a high level of knowledge in at least one STEM field, even 

if they are not categorized as a STEM job (Rothwell, 2013). 

Another argument made by detractors is that the STEM crisis is being used as fuel to 

keep wages low for U.S. workers while expanding the pool of cheaper guest worker 

programs (Salzman, Kuehn & Lowell, 2013). However, the STEM worker shortage is not 

just a U.S. phenomenon. The European Union projects that at the current levels of enrollment 

in STEM fields, they could face an inability to fill up to 700,000 jobs in ICT. Globally, the 

estimate is put at two million (Tandon, 2012).  At the state level, Virginia has found that 

most computer-related occupations are high demand and high wage. These same occupations 

are experiencing the greatest gap between supply and demand. In addition, the Virginia 

Employment Commission predicts that 40% of the skilled STEM labor force will retire 

within the next five years and finds the number of students currently in the pipeline 

inadequate to replace them (VDOE, 2007). 

The rapid advancement of technological innovations has also had an impact on jobs. 

In education circles, there is a common refrain about the challenges of preparing students for 
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jobs that do not yet exist. A 2013 study backs up this idea as it found that 45% of 702 U.S. 

job occupations are at high risk to be computerized within 20 years (Frey & Osborne). 

The Pipeline Metaphor 

The pipeline has been used as a metaphor to describe the flow of students into their 

eventual careers. Learning experiences in the K-12 space are expected to have an important 

influence on what pipeline a student chooses. There are several issues with the pipeline. If 

STEM learning opportunities are not available or not equal, then the pipeline is seen as too 

narrow. "Many students never make it into the STEM pipeline, because of inadequate 

preparation in math and science or poor teacher quality in their K-12 systems" (U.S. Dept. of 

Labor, 2007, p. 6).  

The STEM pipeline is seen as leaky when a significant portion of the population 

within the pipeline drops out along the way toward their career or even while in their career. 

For example, less than 40% of students who intend to major in STEM actually graduate with 

a STEM degree in college (Holdren & Lander, 2012). Career retention is also seen as an 

issue, especially when the quit rate for females from their technical career is more than 

double the rate of their male counterparts (Ashcraft & Blithe, 2010). 

Not everyone is fond of the pipeline metaphor because it implies a sequential 

pathway with education at one end and work at the other. In reality, there can be many 

different pathways into a STEM career, including nontraditional routes. Young people in the 

educational pipeline today will face a much different job market where instead of preparing 

for lifetime employment with one company in one career field, they can expect to hold up to 

eleven different jobs before they turn forty-six (Bureau of Labor Statistics, 2012). Finally this 

supply side focus “tends to neglect analysis of the demand side, especially organizational 
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resistance to change and the persistence of barriers to entry of women into the scientific 

professions" (Varma & Hahn, 2007, p. 4). 

Nontraditional Career and Technical Education (CTE)  

One of the most important pieces of legislation influencing the current STEM 

educational pipeline is the Carl D. Perkins Vocational and Technical Education Act. It was 

first authorized in 1984 with the aim of addressing concerns about the quality of technical 

education in the United States. In 1990, it was reauthorized with added measures to assist 

students from underrepresented groups taking Career and Technical Education (CTE) courses. 

It is the largest federal investment in secondary education and is due for reauthorization in 

2013 (NASDCTEC, 2013). In the 1998 and 2006 Perkins reauthorizations, Congress 

included accountability systems at the federal, state and local level for student participation 

and completion of CTE programs that lead to employment in nontraditional fields (Larkey, et. 

al, 2006). 

Nontraditional CTE programs are identified by the employment numbers in the 

workplace instead of the enrollment patterns within the classes. A nontraditional field is 

identified as one where one gender represents less than 25% of the individuals employed in 

that field. Female nontraditional fields include computer science, technology and other 

emerging high skill jobs (VDOE, 2013). 

 Each state negotiates with the federal government to set targets for nontraditional 

CTE enrollment and completion rates. Every year, states report on their nontraditional CTE 

courses and are encouraged to identify root causes when targets are not met. Identified root 

causes for nontraditional enrollment and completion include things like gender-biased career 

guidance practices, prior experience and success with STEM subjects, subtle gender bias, 
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lack of role models, early exposure in elementary school, gendered curriculum material, 

stereotype threat, school climate, family dynamics, peer influence, media representations, 

social attitudes, and wage potential (Sheets, et al, 2003). 

Gender Gap 

Despite 30 years worth of initiatives aimed at increasing the representation of women 

in STEM, many fields are still plagued with a gender gap and in some fields, it has actually 

grown worse over time. For example, in 1985 women made up 37% of the computer science 

undergraduates, while in 2010 they made up just 18% (Ashcraft, Edger & Friend, 2012). This 

same trend can be seen in math and physics while biological and biomedical fields have seen 

expanded participation by females. The engineering field has seen some growth, but women 

still represent less than 20% of the graduates in that field (Ashcraft, Edger & Friend, 2012). 

Persistence of the gender gap is attributed to many factors including gender bias, stereotypes 

and a lack of role models (Marder, 2012). STEM culture is also an often overlooked factor as 

"women are encouraged to adapt to fit into science, engineering and technology (SET), rather 

than challenging the masculine culture of science and technology—in other words to cope in 

SET, as is" (Cronin & Roger, 1999, p. 17). 

Gender Bias 

Mostly gone are the days of active gender discrimination and blatant gender bias, but 

subtle gender bias still exists and is even more challenging to address. In her blog post titled, 

“My experiences in tech: Death by 1000 paper cuts,” Julie Pagano explains how this subtle 

discrimination feels and builds up from being the only girl in class to "inside" jokes at tech 

conferences to assumptions about roles at work. It may seem that subtle gender bias is an 

improvement to outright sexism, but recent research shows that it might be more damaging. 
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In a research study comparing the effects of ambiguous versus unambiguous discrimination, 

the results indicated that "it is more difficult for targets of ambiguous discrimination – as 

well as for others observing them – to realize that prejudicial treatment may have played a 

role causing in their negative outcomes, or to note that their disadvantage may be due to 

factors outside their control" (Cihangir, Barreto & Ellemers, 2010, pg. 167-169). They also 

noted that ambiguous discrimination caused more self-directed responses, which affected 

self-esteem and caused self-stereotyping where unambiguous discrimination resulted in more 

other-directed emotions.  

This subtle gender bias has a direct impact on the STEM pipeline. Another research 

study set out to determine whether academic faculty from biology, chemistry and physics 

departments would express bias towards female students. Their study “sought to test for 

differences in faculty perceptions and treatment of equally qualified men and women 

pursuing careers in science.” Researchers submitted a laboratory manager candidate to 

faculty around the country, randomly assigning the candidate a male or female name. The 

study revealed that both male and female faculty rated the male candidate more competent 

and offered ‘him’ a higher starting salary (Moss-Racusin, et al, 2012, pgs 41-42). 

Stereotypes 

Stereotypes have been hounding STEM fields for a very long time, especially in 

computing and engineering. These fields are seen as being dominated by “highly intelligent 

misfits, overwhelmingly male, who work alone, glued to a computer screen, solving boring, 

irrelevant problems” (Dot Diva, 2010). In the late 1990s, Jane Margolis and Allan Fisher 

began to investigate the disparity between men and women in the study of computer science. 

In their book, "Unlocking the Clubhouse", they write "very early in life, computing is 
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claimed as male territory. At each step from early childhood through college, computing is 

both actively claimed as ‘guy stuff’ by boys and men and passively ceded by girls and 

women" (2002, p. 4). So while in 2012, teenage girls have been found to use computers and 

the Internet at rates similar to boys, they are five times less likely to consider a technology-

related career (Tandon, 2012). During a panel discussion in 2012, Dr. Maria Klawe 

suggested that the current stereotypes in computing might have come about when PCs first 

started finding their way into homes and schools. The initial games were shooting games 

because they were the easiest to create with the limited resources of the early PCs. That 

grabbed early male interest and they grabbed the computers. 

In 2007, WGBH and the NSF began a study to answer the question, "Why is interest 

in computer science declining in U.S. colleges?" They were looking for messages that would 

appeal specifically to the under-represented groups of African American boys and Hispanic 

girls, but they found very little racial/ethnic differences in young people's attitudes towards 

computer science. Instead, they discovered that positive or negative attitudes towards 

computer science generally ran along gender lines. Most college-bound males had a positive 

opinion about computing while most females were significantly less interested and had 

negative opinions about it. It turned out that the difference for the African American boys 

was in access not attitude (Benyo, et al). The Girl Scouts also did a study to find out what 

girls think about STEM. What they found is that even though 74% of teenage girls are 

interested in STEM subjects, they don't pursue STEM careers because they believe that other 

girls their age aren't considering a career in STEM, they are uncomfortable being the only 

girl in class and they believe they would have to work harder than their male counterparts to 

be taken seriously (Modi & Salmond, 2012). 
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Role Models 

Role models and mentors have been identified as a major component to building 

confidence and keeping girls engaged in pursuing their interests in STEM (Ashcraft, Eger & 

Friend, 2012). In 2013, a study by Catherine Riegle-Crumb showed that local women in 

STEM role models were important to local girls interest in studying STEM. "What we found 

is that in communities that had a higher percentage of women in the labor force who are 

working in science, technology, engineering and math, that in those schools, girls were as 

likely as boys to take physics, or even more likely” (Vedantam, p. 1). Teenage girls growing 

up in communities where women are better represented in STEM are more likely to see them 

in public forums, school discussions and social settings and therefore the girls are able to see 

what they can potentially be. However, girls growing up in communities where most working 

women are not in STEM fields, do not see the possibilities that exist outside traditionally 

female-dominated fields like childcare and nursing. 

Pipeline Initiatives 

 There are many initiatives underway at the national level to address STEM pipeline 

issues. This year, Code.org, a non-profit with high profile supporters, has teamed up with 

Computing in the Core, an advocacy coalition, to raise awareness and address messaging 

issues associated with STEM. They are advocating for policy changes at the national and 

state level for K-12 education, especially related to computer science. Change the Equation 

seeks to improve STEM learning and provides research on state progress through its Vital 

Signs Initiative. At the state level, programs like Virginia Advanced Study Strategies work to 

expand STEM offerings in K-12 education.  
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Pathways to the Pipeline 

The traditional pathway into the STEM pipeline has been with a STEM-focused 

undergraduate degree, however, alternative pathways into the pipeline are growing. The 

Brookings Institution found that half of all STEM jobs are available to workers without four-

year college degrees (Rothwell, 2013). Massively Open Online Classes (MOOCs), coding 

boot camps and community college sub-bachelor degree programs are providing some 

alternative pathways into STEM jobs. MOOCs and coding boot camps are both very new 

educational phenomena. In 2011, Stanford launched the first MOOC course, Introduction to 

AI, with much fanfare and drew more than 160,000 students. This led to the creation of 

Udacity as well as other for- and not-for-profit organizations offering online college-level 

STEM courses including edX, Coursera and openHPI (Henn, 2013). 2012 saw the creation of 

at least 28 coding boot camps across 16 U.S. cities with a mission to get people job-ready for 

entry and junior-level programming openings. Many are sponsored by companies who are 

looking to hire graduates out of the programs (Ivanov, 2013). 

Other research indicates that more pathways could increase participation. For instance, 

in 1990, Sherry Turkle and Seymour Papert found that a more inclusive culture would help 

educators and students value multiple ways of knowing and thinking about science and 

engineering fields. In their research, they followed 20 girls and 20 boys who were in 4th 

grade and encouraged to explore programming without preconceptions about the "right way" 

to go about it.  They also followed 15 women and 15 men in an introductory CS college 

course. From the 4th graders, they found 14 of 20 girls and 4 of 20 boys favored a soft 

approach to programming.  Of the college students, 9 of 15 women and 4 of 15 men also 

preferred this approach.  The hard or more traditional approach is a top-down, divide-and-
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conquer, and very structured approach familiar in the scientific realm. The soft approach is 

more about constructing from the ground up by arranging and rearranging the available 

materials. They found the difference between the top down traditional approach and build it 

up soft approach was not in quality of product, but in the process of creating it. (Turkle & 

Paper, 1990).  

The New Image in Computing Study found that computing education today generally 

fails to deliver the three most important characteristics girls and women want from a career: 

1) being passionate about their jobs, 2) doing interesting work and 3) having the power to do 

good and make a difference (Benyo, et. al, 2009). Educational leaders have started to take 

notice of these gaps. For instance, the Exploring Computer Science curriculum was 

developed for students in the Los Angeles Unified School District in an effort to broaden 

participation in computing district-wide, particularly for girls and students of color. It was 

designed to introduce students from a wide variety of backgrounds to the breadth of the field 

of computer science through a project-based exploration of engaging, relevant and accessible 

topics (Goode & Chapman, 2013). A new Advanced Placement computer science course is 

also on the horizon as the College Board attempts to foster a wider appeal for this subject 

(2013). 

Local Pipeline 

Prior research into the local public school districts found that they offer a wide range 

of Career and Technical Education (CTE) courses from a variety of career clusters including 

personal life skills, office administration, entrepreneurship, construction, marketing, business 

management, auto mechanics, health care, cosmetology, culinary arts, architecture, 

manufacturing, engineering and computer science. In middle school, students must 
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participate in at least one course in the CTE exploratory. In high school, all of the courses are 

elective and not all of the courses are offered at each of the high schools in the locality. 

Advanced Placement for Computer Science is provided, but not well documented and the 

pathway to computer science is difficult to map through the existing documentation (citation 

omitted to maintain confidentiality of locality). 

Virginia public school districts are required to track CTE completers, students who 

have met the requirements for a particular CTE concentration. Staff from the Trailblazers 

Project, a resource for CTE professionals, provided data for CTE completers in 2012. Across 

Virginia, there were 41,677 CTE program completers and of those, 6,324 (3800 male and 

2524 female) were related to technology (Computer Information Systems, Computer 

Network Software Operations, Design, Multimedia & Web Technologies, Pre-Engineering, 

Principles of Technology, Programming). One local school district had a total of 192 CTE 

program completers and of those fifty-two (43 male and 9 female) were related to computing. 

Another local school district had forty-three CTE program completers, but none were related 

to computing. (A. Carrier, personal communication, October 21, 2013). 

Local alternative post-secondary pathways into the pipeline are fairly limited. A 2013 

study of local workforce organizations found that only 2 of the 17 who responded provide 

advanced computer training such as computer programming (Meyer, 2013). The local 

community college does provide Associate degrees in computing fields such as computer 

science, networking, electronics, engineering & IT. A 2007 Virginia Commonwealth 

University Center for Public Policy study found that the local region ranked fifth in terms of 

the number of employees working in the high-tech industry and fourth in the number of high-

tech firms out of eleven metropolitan regions in Virginia. 
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Summary of Literature 

The STEM job preparedness pipeline faces a myriad of issues that have been building 

up over time. STEM education has been lagging in both access and quality. Technology is 

changing the workplace so rapidly, that students today need to be prepared for jobs that do 

not yet exist. The pipeline is seen as too narrow and leaky because it is not feeding an 

adequate supply of STEM knowledgeable workers into the job market. National legislation, 

programs and dollars have been targeted to address these issues, but challenges remain 

especially with regards to the gender gap. Subtle gender bias, stereotypes and a lack of role 

models keep many potential female students away. Alternative pathways into the pipeline are 

emerging, but they require validation and support. Computer science education in particular 

is key to fixing the STEM job preparedness pipeline as computing will make up over 70% of 

STEM jobs by 2018 and addressing the gender gap will greatly expand the pipeline. 
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Methodology 

This study used a participatory action research methodology employing focus groups. 

The purpose of the focus groups was to explore the issues we face locally related to a 

constrained STEM job preparedness pipeline and to offer possible next steps to overcome 

these issues, especially related to expanding the pipeline for girls. The participants were also 

encouraged to use any knowledge they gained during the session to inform their future 

decisions and actions regarding STEM education. The final goal was to verify whether local 

action via traditional or nontraditional educational pathways is desirable and supported by 

this group of local stakeholders. 

Recruitment 

Focus group participants included technology industry leaders, educators and parents 

with at least one child in the local education system.  This grouping of participants was 

chosen because they represent primary stakeholders in the systems that affect the local STEM 

job preparedness pipeline. Focus groups generally rely on homogeneity to help ensure 

participants are comfortable sharing their ideas, attitudes and experiences in the discussion 

(Williams & Katz, 2001). While this grouping is diverse, before choosing to participate they 

were all made aware of the main focus, the local STEM job preparedness pipeline, and this is 

where they found their common ground.  

Technology industry leaders were recruited through a local technology council by 

including a recruitment blurb in their weekly newsletter. This group of participants turned out 

to be the easiest to recruit. K-12 educators were recruited through a local school district after 

completing their application to conduct research and gaining approval. Their research 

coordinator sent an e-mail introduction to school principals and that was followed up with 
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recruitment information. Parents were recruited through outreach to educators, parent 

councils and personal contacts. They were the most challenging group of participants to 

recruit and ultimately the recruitment information was updated to reflect that participants did 

not need to be actively involved with STEM to participate; just interested as a parent about 

what STEM looks like locally as well as how that might affect local education. A few 

specific post-secondary educators were also asked to participate based on their work in 

STEM fields. Over the 4-week recruitment period, six technology industry leaders, six K-12 

educators, four post-secondary educators and six parents agreed to participate in one of two 

focus groups.  

Logistics 

As potential participants were recruited, they were offered several possible meeting 

dates and asked to submit an online form indicating their availability as well as the primary 

role they felt they fit. Seventeen people responded to the form and two focus group session 

dates were selected. The first focus group session was scheduled for September 26, 2013 

with commitments from seven participants to attend. Unfortunately, the first scheduled 

meeting date had to be cancelled as several participants dropped out at the last minute. The 

guideline for meaningful discussion in a focus group is 7-12 participants (Nagle & Williams, 

2004).  The second focus group session was scheduled for October 2 with commitments from 

thirteen participants to attend, including three originally scheduled for the first session. The 

second scheduled focus group had seven male and two female participants including three 

educators representing middle and high school, two parents with children in middle and high 

school and four technology industry leaders including a development manager, a vice 
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president, a consultant and a recruiter (two tech representative were also parents of middle 

and high school students).  

Informed consent was obtained from each participant before the study began. The 

focus group session was scheduled to last one and a half hours including some informal time 

to meet and greet while having snacks, formal introductions and twelve minutes set aside for 

each question. The focus group session audio was digitally recorded and transcribed by the 

researcher. Because of the nature of a focus group, confidentiality was not assured, however 

participants are identified in this study by only a generic title - Parent, Educator or Tech 

Leader. 

Instrument 

Focus group questions were developed to elicit information that "paints a portrait of 

combined local perspectives" (Grudens-Schuck, Allen & Larson, 2004, p. 2). The questions 

were designed to invite openness and began with a general discussion of the STEM crisis to 

specific discussions about what actions could be taken to address the STEM job preparedness 

pipeline locally. In most cases, a brief piece of background research relating to the question 

was shared to inform and help generate discussion. Focus group participants were 

encouraged to respect multiple viewpoints and to offer up their ideas and experiences while 

avoiding trying to solve all the problems that arose during the discussion. Focus group 

questions can be found in Appendix A. 
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Results 

The qualitative analysis of the focus group data includes consensus and content 

analysis based on sub-group data, group data and group interaction data. Consensus analysis 

aims to show the level of participation as well as consent and/or dissent around the content of 

the focus group discussion. Content analysis identifies and fleshes out emergent themes from 

the discussion (Onwuegbuzie, Dickinson, Leech & Zoran, 2009). The focus group sub-

groups include Tech Leaders (T1, T2, T3), Parents (P1, P1) and Educators (E1, E2, E3). 

In terms of overall contribution to the discussion, Tech Leaders provided 32%, 

Parents 39% and Educators 29% of the content. Table 1 in Appendix A provides an overview 

of the  consensus analysis of the discussion by question and sub-group. The original goal was 

to allow about 12 minutes per question, but to expand or shrink that time depending how the 

discussion moved. The discussion time and volume was fairly evenly divided, however the 

most discussion occurred during Question 5 (nontraditional educational pathways) and the 

least with Question 4 (programs targeting girls). The Tech Leader sub-group had the most to 

share during Question 4 and the least with Question 3 (girls interest in STEM). The Parent 

sub-group had the most to share during Question 1 (top barriers to STEM pipeline) and the 

least with Question 2 (disconnects between education and employment). The Educator sub-

group had the most to share during Question 3 and the least to share with Question 4. 

A content analysis of the transcription showed four major themes emerging from the 

focus group session:  

• Sense of Purpose – this theme arose when participants were describing what 

drives student interest toward or away from STEM subjects and careers. Some 

keywords found in this theme: interest, relevance, hands-on, rewarding, 
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challenging, active, involvement, real-world, burnout, ownership, confidence, 

passion, creativity, connections, understanding, fun and boredom; 

• Perceptions – this theme came up in conversation when participants were 

illustrating attitudes towards STEM subjects and careers. Keywords included: 

media, value, blue collar vs. professional, traditional vs. nontraditional, 

rewards, gender, parental expectations, peer pressure, intimidation, role 

models, encouragement, language, exclusive, access, creative vs. technical, 

cultural, old school, comfort level vs. understanding and confidence; 

• Pathways - this theme was found when participants were communicating the 

progression through STEM pipeline. Keywords included: connections, pace of 

change, track-based, interest-based, timing, career ladders, experience, 

communication, variety, certification, college degree, apprenticeship, 

alternative, economic, opportunities, entry-level, short-term, long-term, 

hierarchy, STEM, non-STEM and foundational; 

• Educational Programs – no one theme dominated the discussion, but 

programs did get the majority of comments. These comments featured 

existing programs as well recommendations related to curriculum, assessment 

and pedagogy. Keywords included: gaps, timing, curriculum, experimentation, 

internships, project-based, scalable, disconnects, apprenticeships, teacher 

training, teacher autonomy, test-based, requirements vs. electives, traditional 

vs. nontraditional, preparation, after-school, redundancy, enrollment, AP / 

Honors / electives, inclusive, design-based, mentoring, assessment, 

experiential, accessible, aptitude and integrated. 
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Table 2 in Appendix B provides an overview of the content analysis. 

1) Top Barriers to STEM Pipeline 

A sense of disconnection permeated the discussion about the top barriers to expanding 

the STEM job preparedness pipeline locally. One disconnect is between educational 

programs and what a student actually ends up doing with the rest of their life. "I wonder if 

we are not up against something deeper, the curriculums and the programs out there and the 

way we train people to do these jobs is actually pretty disconnected from what people 

actually end up doing." (T3) One idea to counter this situation is to incorporate more "hands-

on, project-based sort of learning approach because there's frankly just not nearly enough of 

it in our schools." (T2) Even when these type of learning experiences are desired, there are 

barriers within the educational system itself to implementation. "The ability of the schools to 

adapt is slow due to bureaucracy, I could say SOLs, I could say whatever, the fact is that 

teachers aren't the ones to get to make the decisions about what they teach in the room." (E2) 

Students need help connecting the idea of studying STEM subjects and careers to 

their own sense of purpose. Several examples were shared about students questioning the 

relevance of their learning to their lives. One of the participants highlighted that his child got 

bored with school when he wasn't challenged, but that when he found an engineering 

program that offered real-world application of his learning, "he saw that the kids don't ask 

when am I ever going to use this because they get an opportunity to use at least some of it in 

the near term and then they can see where the connections are much quicker." (P1) Another 

shared about their experience of watching kids from a robotics club applying their learning. It 

"is definitely a generator of interest and that is totally lacking in our education system." (T2) 
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Media is influencing perceptions about STEM, especially with its focus on the rock 

stars of sports and entertainment.  "We under-represent the rock stars in sciences and math 

and we do have them, but I don't think we promote them well enough, so that young kids can 

see that they could make great contributions and it is an exciting life." (T1) While students 

can be voracious consumers of technology, "they will play with the technology all day long 

and not understand any connection between science, math and the technology." (E1) 

Many pathways into the STEM educational pipeline are poorly understood. "The 

problem is that the science curriculum and math curriculum is so far-fetched from any 

engineering or technology curriculum that they just learn these things traditionally as they 

work and then they say, that's cool, I still want to be a rock star." (E1) Parents also face 

challenges as they try to help their kids navigate the pathway. "I'm not necessarily equipped 

to tell her what's out there because we are moving at such a fast pace now with technology." 

(P2) 

2) Disconnects Between Education & Employment  

Disconnects were highlighted all along the educational pathway primarily because of 

how technology and engineering programs are treated within the overall system. "At very 

least half of STEM is technology and engineering and those are treated as an exploratory, 

they aren't a requirement and they frequently aren't even available in an elementary school 

setting unless the teacher can work it." (E2) By high school "kids are leaving elective fields 

because those grades, regardless of how well they do in them, bring their GPA down." (E3) 

Then by the time students get to college, they "are not prepared for jobs coming out because 

the first 3 years, they relearn calculus and they relearn physics and they just do all of this 



STEM JOB PREPAREDNESS PIPELINE 26 

book work and they take 6 classes at a time and then by the end they get to internship they 

are so tired of studying, they are not interested in doing anything." (E2) 

The elective nature of technology and engineering classes are affecting the 

perception of STEM and that is "a huge barrier. You are going to keep every kid that is 

motivated to get into a very competitive university from taking that class because it is never 

even going to enter that conversation even for the kid or more importantly for the parent." 

(E2) Several participants noted the focus on AP classes by students "all they talk about are 

AP courses. That's it, the number of AP courses you can get under your belt. People are 

telling my son not to take engineering design class because it will be too easy." (P2) A recent 

college visit resulted a participant’s child being asked "did you take every AP course 

available to you and get an A or B in it and did you do okay on your SATs" as the bottom line 

to acceptance. 

Even some of those that make it through the STEM educational pathway find 

themselves disillusioned and seeking another purpose. "I hear from so many of them BME, 

chemical engineering, systems engineering, that now that they are seniors looking for jobs 

like that is not even on their radar. That they are more interested in marketing and getting 

into business. Some of them are just burned out. It took until they had an internship to find 

out this isn't for them." (T3) "No wonder they are disinterested, they have just been studying 

for their entire lives. That sounds awful." (E2) "They may have found out it's not worth the 

effort. I would say if you start to look at the problem in general, the question it raises to me 

from an industrial standpoint, do we reward scientist and engineers well enough." (T1) 
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3) Girls Interest in STEM 

Girls’ perception of STEM is affected by how it is often positioned in educational 

programs. Just getting them in the door is a challenge, especially when the class name is 

wrapped in "very old school, masculine sounding verbs. 7th grade is Invention Tech and then 

there's Engineer Build." (E2) "When a class is called Workplace Tech and that's a 6th grade 

class. Well I don't even want to take that class, but that's what the class is called." (E1) Then 

there's the physical location of the class. "I teach in the shop" and the girls who "are taking 

my technology class are really excited and absolutely loving it, but they are the ones that 

made it through that first walk through on back to school night." (E2) Even when girls 

overcome these obstacles, they are not always full participants. "There were girls on the 

robotics team that never touched building the robot all last year."  (P2) 

"The thing is they don't know, they are stuck in one vision and there is no one saying 

there's other things that might interest you girls." (E1) "In middle school all of a sudden, with 

girls, they switch to what are my peers doing. If they are not into this, forget it. You do what 

you can, but it is swimming upstream." (T3) Into this landscape, educators and parents are 

faced with the challenge of helping girls connect STEM to their life's purpose. "Parents have 

to encourage the students to take whatever courses they are interested and stick through it. 

And teachers just have to make sure that everybody gets a whack at building a robot or 

operating a camera." (P1) "They begged me to be the leader of the second robotics group, 

just to have a female, to bring in more girls. It's unfortunate that we have to do that, but 

that's the reality I think to have more women to bring in more girls." (P2) 
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4) Programs Targeting Girls 

While participants provided several examples of issues that affect girls’ interest in 

STEM with the previous question, their initial reaction to the question of unlocking their 

untapped potential through programs targeting girls was unexpected. "Why just girls?" 

(multiple) "If we have a shortfall overall, it's not just girls taking the class. It's students 

overall that aren't taking the classes, so the emphasis needs to be on getting students into 

these classes." (?) This was countered with another example of why girls aren’t interested. "I 

was in high school less than ten years ago and I don't think looking back that I knew a single 

adult woman in my adult life who was in a STEM field except for my high school chemistry 

teacher. I think that I'm a pretty smart person and I have an aptitude for science and math, 

but it just never even crossed my mind." (T4) "It goes back to your point about rock stars and 

heroes. We don't have the female engineer hero visible enough. There are no two ways about 

it." (T2) "I think this is a strong case for mentoring throughout the whole system." (T1) 

5) Nontraditional Educational Pathways 

The discussion about nontraditional educational pathways to attract and retain more 

women, girls and others to STEM highlighted some of the tension between the need for new 

pathways and the ability to scale the programs within the pipeline. As an example, one tech 

leader outlined his nontraditional requirements for prospective employees. " I don't ask for 

resumes. When somebody contacts me, I say send me a code sample. I want it to be recent 

work, that's your own, that is representative of what you do best or if you don't want to do 

that or can't, here's a coding challenge. I don't care where you went to school. I don't care 

where you are."” (T3) "One of the struggles is that's not a scalable interview approach. 

Certainly not at a college level and that's the challenge." (T2) The current approach of 
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looking at grades and test scores happens because "institutions of higher knowledge, they 

need some basis by which to decide between student A and student B and they are looking at 

GPA stuff instead of how many projects have they finished." (E3) 

There was also some back and forth discussion about the purpose of the pathway. 

"Are we trying to get people in general in the door or are we preparing them for the long-

term. Does it even make sense to prepare them for the long-term. Am I old school? Usually a 

degree is required to move up." (P2) "That is the paradigm shift. I don't know about 

engineering, but at least my experience now and the speed at which software development is 

moving, production and skill speak far greater than a degree. So, there's no question, if you 

are producing, you will have that." (T2) "If industry is requiring something that universities 

aren't producing, then industry needs to say, this is what we're looking for." (P1) "If you have 

the degree, it says I know how to solve problems at a certain level with a certain flexibility. If 

I have a certification like with Microsoft databases and the company decides next week, we 

are going to ditch all that and we are going to go into a whole new platform, then that would 

suggest that person needs a lot of retraining." (T1) "I think we shouldn't forget that within 

any of the fields we are talking about that there is a hierarchy of skills. One of the things we 

found in looking at how people get to their career point, if you are setting out at age 12 to be 

a brain surgeon, there's a track for that, we can plot that for you." For some people getting 

into technology, "the curve looks very different. Backward design is pretty easy, forward 

design difficult." (T1) 

One nontraditional pathway suggested was to incorporate technology into an existing 

program. "Could you possibly do it in an art class? It's funny how people always look at art, 

we can get rid of that especially at the elementary school and middle school, but if we could 
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incorporate technology because it's really an art form, if you think about it." (P2) "Coding is 

completely art. I couldn't agree more." (E2) "Then you have to teach an art teacher how to 

program." (E1) "That could be another inroad for industry to partner with schools, to offer to 

teach some of these teachers technology with a workshop." (P1) 

6) Next Steps 

In response to what next steps that can be taken locally to expand the STEM job 

preparedness pipeline, accepting a new reality may be the first step. "We have to train people 

for jobs that don't exist yet. There's brand new study that just came out. Almost 47% of U.S. 

jobs could be computerized within one to two decades according to a new study." (T3) 

• Earlier Exposure - "It gets back to middle school and exploratories. Those 

things need to be started a lot earlier, where the kids can experience stuff, feel 

good about themselves, not be afraid to make mistakes, not get lumped into 

the sexual stereotypes and enjoy it and learn from it and maybe they will take 

that with them to middle school and then hopefully to me." (E3) 

• Expand Science Academies - these existing programs are successful and 

highly valued, but "only 50 kids can get in. It is very, very limiting." (P2) 

"Transportation has to be fixed and you are knocking out a lot of lower socio-

economic kids that might be good candidates for it because they can't get 

there." (E3) 

• Enhance Technical Education Center - unfortunately the local center does 

not have the reputation of the academies. "It's not really the mark of success 

and that's a societal problem." (P1)  



STEM JOB PREPAREDNESS PIPELINE 31 

• Update STEM Electives - "We need AP courses in the electives. If we could 

get those experiential classes at a higher ranking, 5.0 rather than the 4.0 

point, not even AP, but Honors, just a simple Honors I think you are leveling 

the playing field to get more kids to continue." (P2) 

• Internship Programs - "If I could wave my wand selfishly for me, I would 

like to see work-study programs that put high school students in my office and 

sitting at desks." (T3) The internships programs that are currently available to 

students through the school system also need to be better communicated to 

industry because "as an employer, I don't hear about it. Nobody is coming to 

me and saying, hey can we do this, can we put a kid in your office." (T3) On 

the other hand, "the needs are immediate and having somebody and then 

losing them when they become valuable to you" (T4) can be a tough sell for 

internships. Educators need to help companies understand that early 

internships will "build (their) brand and get some relevant interest and skills 

in (their) kind of specific industry." (T4) 

• Improve Marketing & Communication - "You got to approach it from 

branding, marketing. You have to get people to change the attitude about it." 

(P1) "If I had a class called Creative Design," (E1) everyone in the room 

agreed they would sign up for it. "There are so many ways to parlay what they 

are passionate about into the job they want, but nobody is telling them." (E3) 

"Keep your options open. To me, it's kind of a fundamental guideline. Learn as 

much as you can as fast as you can and do it well." (T1) 
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Discussion 

This participatory action research study started a dialog between key stakeholders of 

the local STEM job preparedness pipeline. Even before the focus group met, the recruitment 

process offered some clues about the challenges of having this conversation. Technology 

leaders were the easiest to recruit and clearly had a vested interest in the topic. The 

recruitment blurb for the study ran in a local technology council’s weekly newsletter where 

the lead article highlighted this area as a "growing Tech hub" and "home to many tech 

companies, entrepreneurs and businesses that are hiring tech talent." Recruiting educators 

required going through a more arduous research review process. Links into this process were 

not well-documented and required insider help to get connected to the right person. Parents 

were the most challenging to recruit even with encouragement from educators who 

forwarded recruitment information to their student’s parents. This recruitment experience 

may be endemic of some of the issues facing the local STEM pipeline. 

The research study confirmed that there are barriers to the STEM job preparedness 

pipeline and that local action to address those barriers is possible and desirable by the local 

stakeholders. There are many challenges to this aspiration: some issues identified were more 

concrete in nature, lending themselves to actionable responses; others highlighted socially 

constructed values that will require cultural change; many of the issues brought up during the 

discussion did not originate locally and finally addressing most issues will require 

collaboration across a wide range of stakeholders. 

Education 

The theme of educational programs may have had the most comments because it is 

the most concrete and actionable. Focus on SOL testing versus project-based learning, 
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technology and engineering not integrated into the required curriculum and difference in GPA 

credits for standard versus honors/AP classes were all highlighted as issues locally, but are all 

regulated at the state level. The good news is that there are existing initiatives to join in 

advocating for solutions to these issues. A growing group of Virginia school boards have 

passed anti-SOL resolutions that include many of the same issues raised during the 

discussion (Strauss, 2013). Computing in the Core is working at the national level to get the 

Computer Science Education Act (HR 2536) enacted which would add computer science to 

the list of core academic subjects (Cronin, 2013). 

Other issues, such as communicating about and building up internship programs, 

using inclusive language to name and describe classes, expanding and enhancing the current 

STEM-related offerings and initiating mentorship opportunities across the system can and 

should be addressed locally.  

Pathways 

Many challenges were identified with respect to communicating pathways into the 

STEM pipeline. Industry is struggling to layout their requirements for employment, 

especially in the technology field because it is changing so rapidly. Pathways need to be 

made clearer and opportunities to explore need to be available earlier in the educational 

pipeline in order to engage student and parent interest. Yet the educational pathway needs to 

be flexible because students and their parents don’t want to be locked into a path early that 

might not be a good fit later. As nontraditional pathways are explored and articulated, they 

will face issues of scalability and preconceived notions of what successful education and 

subsequent career looks like. 
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Culture 

As noted in the literature review, many cultural barriers exist for STEM including 

stereotypes, gender bias and messaging issues. These were all highlighted to some degree 

during the focus group discussion. Another barrier that came out of the conversation was not 

being able to link the STEM fields and subjects with a student's sense of purpose. This issue 

is greater than just STEM across the educational landscape, but it appears STEM suffers 

disproportionally for it because the pathways are so poorly understood. Media was also cited 

for having a huge impact on students’ often negative or misguided perception of STEM. 

Girls’ Interest 

The lack of interest by girls in STEM was confirmed by the focus group, but the idea 

of addressing this issue with programs that target girls was initially rebuffed with the 

response that if there is an overall shortfall, then it’s not just an issue with girls, but an issue 

for all. This is a great example of the catch-22 nature of this problem. Girls are not interested 

in STEM because they think others girls are not interested plus they do not have female role 

models to follow into the field. To get more girls, one needs to target more girls. The good 

news is that research shows that "computer science teachers who actively recruit girls and 

minority students report more students overall and more female students in their courses" 

(Cohoon, 2010).  

Limitations  

While many of the issues brought up during this study are in line with regional and 

national findings about STEM job preparedness, the small size of the sample group may not 

be the best representation of the general population locally. Not having a second focus group 

session limited the qualitative analysis of the responses. Focus groups are by their nature 
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more subjective than objective, with participants sharing their thoughts and opinions and not 

necessarily verifiable facts and issues. 

Conclusion 

Calls for action to address issues with the STEM job preparedness pipeline will only 

gain momentum as software continues to eat the world, bringing a level of change to our 

future that we are only just beginning to understand. Work on expanding the STEM pipeline 

will inevitably continue at the state and national level. This research study has laid out the 

issues and prior research related to the STEM pipeline. For regions that envision becoming 

tech hubs by their business and community leaders, this research study offers a model for 

starting the dialog with local stakeholders because this vision cannot be achieved without 

input and buy-in from local educators and parents. These conversations can begin to identify 

and establish local action items, priorities and collaborators needed to transform STEM 

education and culture in order to grow a more inclusive STEM-knowledgeable workforce 

and expand the STEM job preparedness pipeline. 
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Appendix A 

Focus Group Questions 

Jobs in computing and information technology are expected to grow to 4.2 million in 
the U.S by 2020, that's 150,000 new computing jobs every year. Unfortunately, there are 
currently not enough students in the educational pipeline studying STEM fields to fill those 
positions.  

 
1) What do you feel is the top barrier to expanding the STEM job preparedness 

pipeline locally? 
 
A recent study found that STEM graduates have the best opportunity for employment 

& earnings while highlighting that the American education system is not aligned to this new 
reality. 

 
2) What is an example of the disconnect between education and future 

employment opportunities locally? Why do you think it exists? 
 
We know there is untapped potential for STEM graduates because 74% of girls in 

middle school say they are interested in studying STEM subjects while less than 20% of 
STEM field graduates are women.  

 
3) Why do you think a girl's interest in STEM does not generally translate to 

studying a STEM field? 
 
Research from Dr. Joanne Cohoon, UVa Professor of Science & Technology, suggests 

that the key to unlocking the untapped potential of girls is to provide programs targeting girls 
all along the educational pipeline that spark interest, build confidence, nurture community 
and develop tech identity. 

 
4) What does this look like in elementary, secondary & post-secondary 

education? 
 
Many tech companies are supporting nontraditional educational pathways such as 

massively, open, online courses (MOOCs) & coding boot camps in order to boost their 
technology ranks. 

 
5) What nontraditional educational pathways make sense to attract and retain 

more women and girls to STEM? 
 
6) What is the next step you would take to expand the STEM job preparedness 

pipeline locally? 
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Appendix B 

 

Table 1: Consensus Analysis 

 Tech Leaders Parents Educators Total 
     

Question 1 33% 46% 21% 16% 
     
Question 2 28% 28% 44% 19% 
     
Question 3 7% 34% 59% 12% 
     
Question 4 52% 41% 8% 10% 
     
Question 5 37% 44% 19% 23% 
     
Question 6 33% 40% 27% 20% 
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Appendix C 

 

Table 2: Content Analysis 

 
Pathways Perceptions Purpose Programs Total 

Question 1 
 
6 

 
3 

 
9 

 
15 

 
33 

Question 2 
 
9 

 
6 

 
3 

 
13 

 
31 

Question 3 
 
3 

 
12 

 
1 

 
4 

 
20 

Question 4 
 
3 

 
9 

 
1 

 
4 

 
17 

Question 5 
 
14 

 
7 

 
4 

 
5 

 
30 

Question 6 
 
11 

 
6 

 
4 

 
11 

 
32 

Total 
 
46 

 
43 

 
22 

 
52 

 

 
     

 


