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Overview
Educators, companies, and governments around the world share the desire to support and engage
underrepresented groups in science and engineering. Some programs have had success in the goal
of increasing the interest and engagement of underrepresented groups in engineering and STEM.
Many of these developed curriculum, intensive teacher training, student competitions, and other
practices––such as providing mentors and same-gender/race role models, and using real motivating
problems in the students’ community––to engage underrepresented groups in engineering and
design. In general, the most successful programs that have an impact on underrepresented groups
are those that have role models that youth can identify with, and that develop appropriate situational,
culturally relevant interactions with target youth (McGill, Decker, & Settle, 2015).
See also CIRCL Primer: Computational Thinking
Still, large disparities persist in innovation rates by
socioeconomic class, race, and gender––and the gap is
not explained by innate ability (e.g., early childhood test
scores; Bell et al., 2017). Consider the College Board’s
Advanced Placement Program, which is one gateway to
the STEM career pathway. While the number of high
school students taking the AP Computer Science exam
has been increasing annually, and the number of exam
takers in 2016 rose 17%, female, Hispanic, and African
American participation remains low; just 23% of exam
takers were female, 11.5% were Latino, and 3.7% were
African American. In 8 states, fewer than 10 girls took
the exam, and in 2 states, no girls took the exam. Even
when women, girls, and minorities enter a STEM career pathway, they leave at a higher rate––at
multiple points––from middle school to community college to even tenured faculty in STEM (Burke &
Mattis, 2007; Griffith, 2010). Margolis & Fischer (2003) interviewed women who were dropping out of
computer science in college and found that professors favored men who had more experience in
CS. What’s going on here? From a social justice perspective (Bienkowski, 2018), even when anyone
can take advantage of an opportunity (equality), not everyone comes to that opportunity prepared in
the same way or experiences that opportunity the same way (equity).

Why worry about diversity in computing and engineering? Disparity in opportunity is not fair to
individuals economically and educationally, and society needs everyone’s perspectives and
contributions to solve important problems. Inclusion is critical for innovation: diversity increases
innovation (e.g., patents), partly because a variety of perspectives lead to new ideas, earlier
identification of problems, and more effective science (Forbes Insights, 2011; Medin & Bang, 2014;
Bienkowski, 2018). Bell and colleagues (2017) argue that if women, minorities, and children from
low-income families were to invent at the same rate as white men from high-income families, the rate
of innovation in America would quadruple; “There are many “lost Einsteins” – people who would
have had highly impactful inventions had they been exposed to careers in innovation as children” (p.
1)––and had they been given continued opportunities, role models, mentors, and other support
provided to those who are already highly rewarded.
Advancing educational, economic, and innovative opportunity requires special attention to issues
that prevent equitable participation (Blikstein, 2018). Governments and funding agencies have
responded with several initiatives––including NSF’s CS4All and STEM+C programs. Expanding
access to computer science has been announced as a priority by 40 states (Code.org, 2017), 27
states have enacted computer science curricula for their K-12 public schools, and 13 more are in the
process of developing statewide CS standards (Blikstein, 2018). This primer reviews practices from
selected work that that has helped broaden youth participation in computer science and engineering
(see Key Lessons). These practices were drawn from the literature and from a review of selected
successful programs (see Projects). We also discuss deeper issues of identity, interest, and
self-efficacy that can hold youth back, and ways to impact youth interest and desire to pursue STEM
and engineering careers.

Key Lessons
Mentors help youth develop interest, identity, and self-efficacy. As learners develop, they need
others to help them. Teacher often play this role through formal instruction. Mentors use many of the
same practices as good teachers, but mentoring relationships are often more informal and focused on
offering advice from a perspective of experience. Mentors can help youth development their identity by
promoting an interest, and over time, reshaping beliefs about an area of interest (e.g., seeing themselves
as someone who could work in the area). A young person who has a mentor in computer science typically
engages in more computer science education and also has a more diverse set of beliefs around who can
be a computer scientist (Ko & Davis, 2017). Ko and Davis developed a 6-week course in which the
teacher explicitly created mentoring relationships with each student that included a personal interest in
their trajectory of learning (e.g., talking with them everyday, having end of the course mentorship
conversation, and offering email support after the course ended). After the course, there was a significant
increase in student interest in computing for students who had a mentor; the mentorship effect was more
powerful than gender or socioeconomic status.
Youth need engineering role models who reflect their identities and interests. A role model is an
image of someone admired, someone who an individual aspires to be like. Unlike a mentor or teacher, a
role model may not play a direct role in the success of the individual. However, role models still provide
inspiration and motivation. For example, girls are more likely to become inventors in a field if they simply
grow up in an area with more female inventors (but not male inventors) in that field (Bell et al., 2017). In
computer science specifically, having women as role models and mentors increases the likelihood that

girls will pursue the field (Wang et al., 2015). Men can also serve as successful mentors and role models
for girls if they do not conform to male computer science stereotypes (Cheryan et al., 2011). Having
curriculum that avoids stereotypes, and teachers, facilitators, and peers who push back against
stereotypes, helps youth feel included and appreciated (Ruiz, 2017).
Engaging existing relationships in youths’ lives helps increase youth success. Youth express
positive attitudes toward science when they experience success and receive support from important
people in their lives at home, in school, and in their communities (Aschbacher, Li, & Roth, 2010). Family
plays a critical role in encouraging youth and exposing them to opportunities, and it’s especially helpful to
engage parents in the effort to increase youth participation in computer science and related fields (Wang,
Hong, Ravitz, Ivory, 2015). It is also helpful for educators to discuss with youth how STEM professionals
think about people’s needs while they work, and what the student could uniquely contribute if they were to
pursue computer science or engineering. An exciting curriculum that youth connect with––like Hour of
Code or attending a computer camp––can also be a “triggering event” that helps youth develop an initial
interest in the subject (Ko & Davis, 2017).
Focus on real world interests to attract underrepresented youth. “Powerful learning experiences
result when students have the opportunity to connect their interests from outside of school to learning
opportunities in more academic contexts” (Reich & Mizuko, 2017). For girls and non-dominant youth, it’s
important to create entry points that support diverse interests (e.g., fashion, sports, dance, health).
Margolis, Fisher, and Miller (1999) report that when asked why they are taking computer science,
undergraduate males typically report interest in computers while about half of females describe their
interest as it relates to areas of interest such as health, education, science, or art. Girls may be more
interested in careers in health and medicine than engineering (Sadler et al., 2012). These interests
provide an opportunity to highlight new pathways into engineering: many medical careers (such as
biomedical engineers) work at the intersection of engineering, life sciences and medicine, so they need
computer science background. McGee and Bentley (2017) report that African-American and Latinx
students are more likely to want to go into science because of their interest in social justice and
improvements to the social world that science could facilitate. Tapping into interests that different groups
have is important for success.
Facilitate an extended, supported experience to enable success. As mentioned earlier, youth persist
when they receive support and experience success (Aschbacher, Li, & Roth, 2010). In fact, if youth have
a bad first experience with computing, it can turn them off completely (Ko, 2017): “Research shows over
and over that most learners, people of all ages, start with low programming self-efficacy, and that without
early, repeated successes in writing programs, this self-efficacy is quickly exhausted, causing youth to
give up… [which] may lead to reduced interest in coding and lower programming self-efficacy. Female
learners in particular are prone to internalizing these failures into their identity.” It’s best to ease youth into
coding so they have a successful experience.

Issues
Lack of opportunities and connections explain part of the lower engagement of underrepresented
groups in STEM and engineering. Even when opportunities are made available, deeper issues of
identity, interest, and self-efficacy continue to hold youth back.

Identity is both an important part of, and a way to discuss, learning. Identity is more than an individual’s
beliefs about him or herself; it includes not only how you think of yourself but also your perception of how
others see you and what is promoted by society as acceptable or desirable. From ambient messages in
the culture, individuals perceive what others think of them and who is typically identified a certain
way––for example, who is and can be an engineer. Identity surfaces as one way of understanding why we
see robust underrepresentation of particular groups. People make important decisions about their future
and how they engage in the pursuit of their careers based on identity. In many different ways, learners
can feel marginalized or encouraged because of their identity. Developing learning environments that
integrate learner interests, are sensitive to identity, and encourage all learners to be participants and take
on new identities––especially in STEM fields––is challenging and needed work (Bell, Van Horne, Cheng,
2017). To develop STEM identities, young people need access to sustained, high quality experiences,
and, particularly in the early adolescent years, they need to see others like themselves as role models.
Interest is a related component necessary to develop future STEM workers. Hidi and Renninger (2006)
define interest as a person’s heightened affect and predisposition towards a subject depending on their
knowledge, feelings towards it, and value of it. Interest goes from an initial spark that requires extrinsic
motivators to keep it going, to well-developed when it does not require extrinsic motivators. Of course, a
learner will always benefit from external rewards or recognition around their interests, but a learner with
well-developed interests in a topic will stay involved even without rewards or requirements. Ko and Davis
(2017) discuss “triggering events” as important to helping develop an interest in computing, but that more
is needed to develop it and sustain it. Hidi and Renninger (2006) describe interest development in a 4
phase model. At a high level, the 4 phases can be described as follows:
1. Triggered Situational Interest––sparked by events, personally relevant experiences, and novel
or surprising events. Usually a precursor to further development.
2. Maintained Situational Interest-––sustained by meaningful tasks, and deeply engaging,
personally relevant instructional projects can help this develop.
3. Emerging Individual Interest––marked by repeated engagement, positive affect, going beyond
the requirements of the task.
4. Well-Developed Individual Interest––deeper knowledge, positive affect, generates new
strategies for work, shows ability to self-regulate and understand their own knowledge.
Self-efficacy is another psychological lens to understanding why girls and non-dominant youth are not
well-represented in the fields of STEM, including computer science and engineering. Self-efficacy is a
self-assessment of how good one is at something. People who assess themselves as not good at a
particular topic often avoid that topic. Girls and minority youth often have lower self-efficacy around
computer science and engineering (Wilson et al., 2015). For girls and minority youth, improved
self-efficacy has been linked to having role models “like oneself” and to pedagogy that includes hands-on,
personally relevant, and cooperative work––pedagogical styles not typically seen in many STEM types of
courses (Beyer, 2014). The surveys of youth will also include questions to assess their overall
self-efficacy and their self-efficacy around computers and engineering.
Youth interest in STEM may be difficult to change. An evaluation of 13 programs in Massachusetts to
increase youth interest in STEM found that only 5 of the programs produced evidence of increase in youth
interest after the program (UMass Donahue Institute, 2011). The successful programs varied widely in
their structure, and included an out-of-school high-school biotech internship, a middle school STEM
summer camp, an elementary middle and elementary after school math program, an in-school elementary
engineering program, and a middle school math program that reached thousands of students with a

one-time experience. Almost all provided information on STEM careers, some included collaborative
group work, nearly all focused on real-world applications, and all but one engaged youth over a series of
several sessions. The program that found a measurable difference in student interest through a single
classroom experience was the DIGITS program, in which a STEM professional visited a classroom to talk
about their careers (focusing on positive aspects), and lead discussion and activities with the youth. The
STEM professionals (“ambassadors”) were trained by the program before the visit, and given a script and
guidance for interacting with the youth. Still, it’s possible that a ceiling effect could be in play in some of
these programs to increase youth interest: If youth sign up for such optional STEM programs because
they already have an interest in STEM, then the program itself may do little to grow their interest.

Projects
Examples of NSF Cyberlearning projects that overlap with topics discussed in this primer.
Computational Thinking
●
●
●
●
●

EXP: Readily Available Learning Experiences: Turning the Entire Web into Progressive
Examples to Bridge Conceptual Knowledge Gaps for Novice Web Developers
EXP: Automatically Synthesizing Valid, Personalized, Formative Assessments of CS1
Concepts
The cognitive and neural mechanisms of computer programming in young children:
storytelling or solving puzzles?
EAGER: Teaching Computational Thinking through Programming Wearable Devices as
Finite State Machines
EXP: Linking Eye Movements with Visual Attention to Enhance Cyberlearning

Computer and Information Science
●
●
●
●
●

EXP: Readily Available Learning Experiences: Turning the Entire Web into Progressive
Examples to Bridge Conceptual Knowledge Gaps for Novice Web Developers
EXP: Automatically Synthesizing Valid, Personalized, Formative Assessments of CS1
Concepts
The cognitive and neural mechanisms of computer programming in young children:
storytelling or solving puzzles?
EXP: Data-Driven Support for Novice Programmers
CAREER: Designing a New Nexus: Examining the Social Construction of Electronics and
Computing Toolkits to Broaden Participation and Deepen Learning

Engineering
●
●
●
●
●

EXP: Paper Mechatronics: Advancing Engineering Education Through Computationally
Enhanced Children's Papercrafts
EAGER: Making with Understanding
A Pedagogical Framework for Undergraduate Project-Based Engineering Design Courses
DIP: Improving Collaborative Learning in Engineering Classes Through Integrated Tools
EAGER: Collaborative Research: Cyber-Eye: Empowering Learning through Remote
Visualizations using Unmanned Aerial Systems

In addition, the following projects were reviewed for this Primer.
FIRST Robotics. The mission of FIRST is to “inspire young people to be science and technology leaders
and innovators, by engaging them in exciting mentor-based programs that build science, engineering,
and technology skills, that inspire innovation, and that foster well-rounded life capabilities including
self-efficacy, communication, and leadership.” FIRST is also committed to diversity and inclusion,
increasing underrepresented students’ interest in STEM and “developing strategies that will ensure
greater access to its programs and reduce inequalities.” FIRST offers 4 programs: LEGO League (middle
school), LEGO League Jr. (elementary), Tech Challenge (middle school and high school), and Robotics
Competition (high school), each with an accompanying curriculum that is aligned to national science
standards. In the high school Robotics Competition (and similarly, in the Tech Challenge), students form
teams, build robots, and program them with the help of coaches and mentors over the course of 2-3
months. Each January, a new challenging game is introduced; for example, building a robot that can
free-throw a basketball into the basket. The student teams and their mentors work together to solve the
challenge, and then teams showcase their work in regional and district competitions. District
champions go on to compete in a national competition in April. In 2017, the program reached 85,000 high
school students across 3,400 teams in nearly every state in the U.S. Since the program began in 1989, it
has engaged more than half a million youth across 59,000 teams creating almost 45,000 robots with
the help of 150,000 mentors, and has had substantial impact. Based on its research, FIRST reports that
youth who participate in FIRST are more than 2 times as likely to show gains in interest in STEM, and
those who participate for more than 1 year show significantly greater gains in STEM knowledge than
those who leave after a single year. After participating, 87% plan to take a more challenging math or
science course. Alumna are 2.6 times more likely to enroll in an engineering course in their first year of
college, and more than 75% are in a STEM field as a student or professional. The impact on girls, in
particular, is dramatic.
Technovation. Technovation “invites teams of girls from all over the world to learn and apply the skills
needed to solve real-world problems through technology.” The goal of the program is to inspire girls to
change the world with technology and pursue computer science as a career. During the intensive
12-week curriculum, small teams of girls work together face-to-face, with a facilitator, ask questions and
interact with others in an online forum, and are matched up with female mentors to act as guides and
role models. A key part of the program is engaging professional women to serve as mentors and role
models to guide, encourage, and help girls overcome challenges, develop self efficacy, and learn to
become entrepreneurs. Working with women mentors, the student teams identify a problem in their
local community, design and develop a mobile app to address the problem, and then create a business
plan and video to pitch their “startup” idea to investors. Since the program began in 2010, it has engaged
more than 15,000 girls across 100+ countries and has had substantial impact. Technovation reports that
after participating in the program, 78% of students reported more interest in computer science, 70%
reported more interest in entrepreneurship, and 67% reported more interest in business leadership.
Further, 58% enrolled in subsequent computer science courses and 26% declared a college major in CS,
“65x the national rate of 0.4% of female college students majoring in CS”.
Digital Youth Network. Over the years, DYN has offered 5 different initiatives, Digital Youth Divas, Digital
Queendom, Robotics, C21, and DYN TV. The DYN team works to develop young people and their
technical, creative and analytical skills. They have dedicated spaces and work with Chicago youth over
extended periods of time. They have developed diverse supportive environments for youth, and in their
Digital Youth Divas (DYD), a two-year, out of school program for middle school girls, they work to

have non-dominant girls build their own interests and create their own STEM identities (Pinkard et
al., 2017). In their work, they created a digital badging program and say that others should try to reverse
engineer their program “because youth everywhere benefit from stronger, connected learning and
valuable digital badges.” Badges give program creators a way to better understand what is being learned
and learners a way to show what they have learned. Identity development is an explicit part of the
program and participants document their interests and identity in their profile as their work; the youth may
not realize they are documenting their identity, but that’s what they are doing on the website.
ICT4Me. ICT4Me (formerly BuildIT) is a summer and afterschool program for middle school youth to
develop interest, self efficacy, and skills in information technology (IT), and knowledge of possible related
careers. The goal of the program is to provide underrepresented youth, and particularly girls, with
opportunities to “experience the value of these careers through role models; engage in activities that
connect their interests to technology and engineering; and experience success in these activities are
powerful motivators for persisting in male-dominated ICT careers and developing their ICT fluency.” The
program includes a 6-unit curriculum and assumes, at minimum, that the experience is supported by a
manager, a facilitator, visiting IT professionals, and an opportunity (“Family Tech Night”) for students to
showcase their work to their family, peers, and the school community. Note that interaction with IT
professionals is a key part of the experience: the developers recommend that during each unit, at least
two IT professionals should interact with the students, and that “The professionals should be the same
gender and race as the youth you work with. Including more people of color and women is a plus.”
The site provides tips on how to recruit such professionals who can serve as relatable role models to
help students see themselves as someone who could professionals in a variety of careers to encourage
youth to consider an ICT career.
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Mentor Net
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