Running Head: CoMPaCT: AN EVALUATION FRAMEWORK FOR EFFECTIVE ALL-GIRLS
COMPUTING PROGRAM

CoMPaCT: An Evaluation Framework for Effective All-Girls Computing Programs
Andrea Mozo
Teachers College, Columbia University

CoMPaCT: An Evaluation Framework for Effective All-Girls Computing Programs

2

Abstract
The future of the United States economy is in Science, Technology, Engineering, and
Mathematics (STEM). However, there is a concern in the preparedness, supply, and availability
of STEM workers. Women, especially women of color, remain widely underrepresented in most
STEM professions. The purpose of this integrated project is to introduce CoMPaCT, a
conceptual evaluation framework of an all girls program for informal STEM learning
environments in order to close the gender gap in STEM fields and increase girls interest in
STEM through computing. This framework can be used in after-school computing programs,
computing clubs, and summer computing camps. The model describes five main elements in the
development and deepening of girls interest and participation in STEM: curriculum, tools,
mentorship, community, and parental influence.
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INTRODUCTION
This integrative project aims to contribute to a prominent agenda for STEM education
and women in technology in the United States. It focuses on a conceptual evaluation framework
for STEM programs for girls, in particular computing. The future of the United States economy
is in Science, Technology, Engineering, and Mathematics (STEM). However, there is a concern
in the preparedness, supply, and availability of STEM workers. Women, especially women of
color, remain widely underrepresented in most STEM professions. The gender gap in
professional STEM fields varies by specialty. For example, only (approximately) 7% of
mechanical engineers, 12% of civil engineers, 15% of chemical engineers, and 13% of aerospace
engineers are women (Horting, 2016). Only 25% of women were in the computing workforce in
2015 and only 1% of those women are Hispanic (National Center for Women & Information
Technology, 2016). In the USA in 2009 to 2010, the percentage of women who earned a
bachelor degree in computer science was 19% (National Center for Education Statistics, 2011).
What drives girls and women to retract from pursuing a career in STEM, particularly in
computer science? What are the potential solutions to overcome this obstacle for childhood to
adolescent girls? Among those solutions, what defines an effective all girls computing program
to maximize the chances girls will pursue a career in STEM? These questions are driving the
core elements of this integrated project. The purpose of this integrated project is to define a
conceptual framework of an all girls program in informal STEM learning environments in order
to close the gender gap in STEM fields and increase girls interest in STEM through computing.
This framework can be used in after-school programs, clubs, and summer camps. The model

CoMPaCT: An Evaluation Framework for Effective All-Girls Computing Programs

4

describes five main elements in the development and deepening of girls interest and participation
in STEM: curriculum, tools, mentorship, community, and parental influence.
This integrated project has three sections. First, a literature review of girls’ views towards
computing and STEM, the current landscape of existing out-of-school girls only computing clubs
and programs, and a review of existing evaluation frameworks for out-of-school STEM
programs. Next, I introduce a new conceptual evaluation framework for an all girls out-of-school
computing program named CoMPaCT, which includes a discussion about the importance and
implications of the conceptual evaluation framework. Lastly, I conclude this integrated project
with important takeaway points.

LITERATURE REVIEW
In this section, I will give an overview of girls’ views towards computing and STEM, the
current landscape of existing out-of-school girls only computing clubs and programs, and an
overview of existing evaluation frameworks for out-of-school STEM programs.

GIRLS’ VIEWS TOWARDS COMPUTING AND STEM
In this subsection, I will review historical and present day research of girls’ views
towards computing and STEM. The premise of this section focuses on the factors that drive girls
and women to retract from pursuing a career in STEM, particularly in computer science.
Research has shown there are many reasons for the lack of girls interest in STEM fields.
The reasons include a wide range of factors such as stereotype threat, gendered roles and
expectations, gender bias, and parents, educator, and peer influences (Williams, 2015). This gap
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becomes larger as girls and women progress from one phase of education to the next (NSF,
2012). This is clearly demonstrated in high school and college levels. “Participation rates on
Advanced Placement computer science exams, a gateway to college-level courses, likewise
reveal stark race and gender contrasts” (Pinkard et. al., 2017, p. 478). A recent study found that
less than 20% of test takers were female (College Board, 2014).
Girls take on anti-STEM identity at an early age and continue to persist with that identity
throughout life (Hill, Corbott, & St. Rose, 2010). A study done in 1985 found that “girls
expressed general confidence in female abilities with regard to computers, but did not display the
same confidence in their own abilities as individuals displaying a ‘we can, but I can’t’
syndrome” (Ahuja, 2002, p. 25). It results in “a vicious circle: girls lose confidence, so they quit
competing, thereby depriving themselves of one of the best ways to regain it” (Katty & Shipman,
2014, p. 1). There is a lack of opportunities at an early age to experience and become interested
in STEM to all students (Margolis, J. & ProQuest, 2010), making it difficult for girls to
overcome this anti-STEM identity.
In 2016, a group of researchers took a look at a co-ed 5th grade computer science class
and determined if the gender gap could be found at this grade level. Students were paired up in
all female, all male, or one female and one male groups. These 18 pairs of students were tasked
to create a program in Scratch that showed cause-and-effect as well as user input. Overall, all
female pairs scored average or slightly below average on the projects, while mixed gender pairs
had an average or slightly above average scores. Most male pairs scored above average. After
analyzing the study, it appeared that successful male pairs spent more time working on the code
itself and chose not to edit sprites or put in extra creative work. On the contrary, all female
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groups became preoccupied making their project look a certain way and fell behind in their code.
Mixed female and male pairs could not create a “unified vision” for their projects causing them
to not fulfill all the program requirements.
As girls move into adolescence, their perception of working in technology, in particular
computer science, is considered a career choice that is not for them. Girls tend to believe they
cannot pursue a career in STEM in the future because they are not capable of working in these
types of fields (Murphy & Whitelegg, 2006). Girls view computer science to be a discipline
pursued only by boys because boys are better in math and science than girls. This belief can be
attributed to gender role stereotypes and bias influenced by parents, peers, and educators. Leaper
and Brown (2008) found that over half of the adolescent girls in their sample had experienced
academic discouragement in domains related to science and math. A study done by Eccles
(2009) found there is substantial evidence of gender differences in the both expectancy related
and subjective task value beliefs related to educational and occupational values.
Many girls do not identify with STEM regardless of how well they perform in science or
mathematics classrooms (Sadker, Sadker, & Zittleman, 2009), nor can they imagine themselves
as scientists in the future (Baker & Leary, 1995). The most common stereotype in society is the
portrayal of a computer scientist or programmer, which is stereotypically seen as a white male
who wears large black nerdy glasses. Older research also suggests that “the traditionally ‘boy’
toys foster spatial and programmatic reasoning skills more than the traditionally ‘girl’ toys”
(Schweingruber, Brandenburg, & Miller, 2001). This data clearly shows that most girls’ lack of
interest in STEM seem to be a cultural side effect; there is no research that proves boys are
genetically more intelligent than girls in science, technology, engineering, or math. In fact, girls
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typically outperform boys in both disciplines until adolescence when cultural gender stereotypes
take over (Caplan, Crawford, Hyde, & Richardson, 1997). By the time girls have reached
college, they are three times less likely than boys to declare a STEM major (Snyder & Dillow,
2010).
Gender disparity continues from adolescence into adulthood affecting women in the
workplace. Gender bias stems from the common stereotype that men are better than women,
especially when working in STEM related fields. A psychologist named Claude Steele did a
study of this “stereotype threat” on women in technology and found that if women were ever
reminded of the stereotype that men were better than women at math, their math performance
would decline (1997). These forms of stereotype also result in lowering women’s confidence in
their abilities and affects their career. It also adds stress and anxiety of trying to overcome these
types of stereotypes. Again, there is no explicit scientific proof that men are smarter or more
capable of working in the technology industry than women. Because of these beliefs in society,
many women feel that they must constantly prove themselves to their peers and supervisors in
the workplace and that they cannot fail (Williams & Massinger, 2016).
There is no doubt girls face a number of barriers in STEM starting at an early age. The
research above was a thorough explanation of why girls move away from STEM. As part of
broadening participation to break barriers in STEM fields, there are several recommendations
made by researchers in this area. In this particular project, the focus is one evidence-based
solution which focuses on programs and practices for girls. Dasgupta and Stout (2014)
recommends the creation of informal STEM learning environments, after-school activities, and
summer camps outside of school.
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COMPUTING IN OUT OF SCHOOL PROGRAMS AND CLUBS
In this section, I will review the current landscape of existing out-of-school all-girls
computing clubs and programs. This literature will cover the designs of existing after school
programs in the United States aimed to overcome gender disparity in computing and increase
interest in computing and STEM for childhood to adolescent girls.
Over the last decade, there has been a growing number of informal STEM learning
opportunities across the United States. Computer science education has been a major focus in
STEM programs across the nation. Kafai and Burke (2014) state, “Digital technologies are
embedded in the way we live, work, play, socialize, learn, and teach” (p. 135). This is key to
understanding why computer science is a crucial subject to focus on. Children all deserve to
know how to use technology, how to create technology, and how to manage it since they use it
on a daily basis. This claim to educate students about computer science across K-12 and out of
school was propelled by a national call from former President Barack Obama. He began a
Computer Science for All initiative to empower our nation’s students with computational
thinking, address an important workforce development need in STEM, provide rigorous CS
education to all U.S. schools, and expand access to CS in our everyday lives. He explicitly stated
that “in the new economy, computer science isn’t an optional skill, it’s a basic skill, right along
with the 3 R’s” (The White House, Office of the Press Secretary, 2016, p. 1).
In response to President Obama’s call to action, there were many organizations and
programs launched to support computer science education in formal and informal settings in the
United States. CSforALL w
 as launched in 2016 and was initially funded by the National Science
Foundation (NSF). CSforALL is a national hub for the Computer Science for All movement that
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works to enable all students to achieve CS literacy as an integral part of their educational
experience both in and out of school (CSforALL Consortium, n.d.). ITEST is a program that
funds researchers and educators to build an understanding of best practices, contexts, and
processes contributing to K-12 students’ motivation and participation in Science, Technology,
Engineering, and Mathematics (STEM) activities that lead to STEM career pathways (ConnorsKellgren et. al, 2016). The programs mentioned promote Computer Science Education
awareness, support CS education in K-12, after-school clubs and programs, and also funds
research.
All of the time and effort invested by the CSforALL community has seen the fruit of their
labor in 2017. The state leading the nation in computer science education is Virginia. Virginia is
the first state to make computer science a requirement and Utah, Ohio, Wisconsin, and Idaho are
all increasing STEM efforts by driving policy to provide funding and the adoption of curriculum
standards (Lestch, 2018). There has been much progress made by states across the U.S. to fold
computer science into schools but this policy effort in K-12 computer science education is slow.
As the nation is seeking ways to increase interest in computer science education in K-12,
high-quality afterschool STEM programs will continue to fill a growing need (Allen et al., 2016).
Afterschool STEM program settings can be characterized as structures that resembles
formal school settings with planned curriculum, facilitators, and a group of students who
continuously participate in the program (Kotys-Schwartz, Besterfield-Sacre, & Shuman, 2011).
Research by McCombs, Whitaker, and Yoo (2017) have focused on the overall value of out of
school programs. They have concluded that “OST programs for low-income students are worthy
of public investment and should be funded at levels that support high-quality programming” and
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“OST programs can help close the opportunity gap by providing youth with opportunities that
they might not otherwise experience (e.g. STEM)” (McCombs, Whitaker, & Yoo, 2017, p.15).
Afterschool programs are increasingly recognized as crucial components of the larger learning
ecosystem for science, technology, engineering, and math (Afterschool Alliance, 2016). These
types of programs in out of school settings have proven to be valuable and effective for children
to learn STEM in many ways. According to the National Research Council (2015), out of
schools programs have shown to “contribute to young people’s interest in and understanding of
STEM, connect young people to caring adults who serve as role models, and reduce the
achievement gap between young people from low-income and high-income families” (p. 2).
Even more so, research indicates that “more than 70% of students reported positive gains in areas
such as STEM interest, STEM identity, STEM career interest and career knowledge, and 21st
century skills, including perseverance and critical thinking” (Allen et al., 2016, p.2).
Within the afterschool community, there are STEM programs that solely focus their
efforts on engaging girls to pursue a career in STEM and computing. There are several examples
of all-girls program who are making a conscious effort to close the gender gap, increase girls
interest in STEM, and build knowledge and expertise in computing fields. High-profile
computing programs like Black Girls Code and Girls Who Code have acclaimed national
recognition for engaging girls in computing. Black Girls Code provides one-day workshops for
girls of all ages to learn core computing skills by completing a project in game design, mobile
app development, robotics or Web design (AfterSchool Alliance, 2013). Girls Who Code scaled
an intensive 8-week program to across the United States for high school juniors receive intensive
instruction and hands-on computing experiences, learning mobile phone development, robotics,
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and Web development and design (AfterSchool Alliance, 2013). BuiltIT is “an afterschool and
summer curriculum for middle school young to develop fluency in information technology (IT),
interest in mathematics and knowledge of IT careers designed to engage girls and
African-American and Latino/a youth” (Afterschool Alliance, 2016, p. 5). Girlstart is a free,
weekly STEM afterschool program designed to increase girls’ interest and engagement in STEM
through innovative informal STEM education programs. “This intensive intervention involves
sequential, informal, hands-on and inquiry-based activities in topics across the STEM acronym”
(Afterschool Alliance, 2016, p. 11). Techbridge “offers afterschool and summer programs with
hands-on projects and career exploration to inspire girls in STEM” (Afterschool Alliance, 2016,
p. 18). This program is unique in that, “curricula are developed with girls in mind, and designed
to spark and sustain an interested in theses fields as well as to make a connection with STEM
careers” (Afterschool Alliance, 2016, p. 18).
These organizations and programs are all working to attain equity and diversity in
computing because “computational participation cannot be achieved if only a select few join the
clubhouse” (Kafai & Burke, 2014). Research has shown that STEM specialty program for girls
motivate and increase girls confidence in STEM. It also changes their view of technology
careers. For example, Girls Who Code program reported “95 percent of participants said they
would seriously consider a major or minor in computer science and ninety-nine percent of
participants said they are considering pursuing a career in technology and 81 percent definitely
intend to do so” (AfterSchool Alliance, 2013, p.9).
As research seen above, there are outcomes of participation and interest reported by the
programs in collaboration with researchers and organizations. Researchers and organizations
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have created frameworks of evaluation to measure the impact of afterschool STEM. Yet, there is
a lack of research in speciality programs, specifically all-girl computing programs. There needs
to be more effort made by programs, such as Black Girls Code and Girls Who Code, to gather
data regarding the program design, participation, and outcomes to demonstrate the lasting impact
of this specialty afterschool program. It is recommend for “researchers to clarify the link
between such OST activities and benefits for students” (McCombs, Whitaker, & Yoo, 2017).

EVALUATION OF A HIGH QUALITY STEM PROGRAM
In this subsection, I will review various evaluation frameworks for out of school STEM
programs. This area of research has emerged and flourished within the last 5 years and have been
executed at small scale and large scale initiatives.
In the past decade, researchers and institutions have created several research-based
frameworks that outline the key outcomes of a high-quality STEM program. These guided
frameworks are relatively new as they have been formalized in the last three to five years. The
National Research Council (2015) developed a criteria for identifying productive STEM
programs in out-of-school settings. According to the National Research Council (2015), the
definition of the term “productive program” is intellectually, socially, and emotionally engaging.
In 2015, research and evaluation was not yet robust enough to evaluate programs because there
are many types of out-of-school STEM programs. Yet, “the findings are strong enough, however,
to identify the criteria of programs that produce positive outcomes for learners” (National
Research Council , 2015, p.2). See the framework for an out-of-school STEM Program in Figure
1 below (National Research Council, 2015).
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Figure 1. C
 riteria for Identifying and Developing Productive STEM Out-of-School Programs.
Two years prior to the National Research Council productive out-of-school STEM
program criteria was established, there was a framework of youth outcomes report developed by
Afterschool Alliance. This framework is a distinctively stronger one because of the various levels
of outcomes with indicators and sub-indicators. An effective design of a STEM program will be
able to document and show evidence of the sub-indicators in the framework, as seen in Figure 2.
There is another example of an afterschool STEM evaluation program created by the
PEAR Institute in 2016 seen in Figure 3. According to Allen, et. al (2016), “This national effort
is at the cutting edge of the research on STEM learning in the afterschool field” (p.4). The
evaluation demonstrates a large-scale initiative with three different evaluation methods, which
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are Common Instrument Suite (CIS), Facilitator Survey (CIS - FS), and Dimensions of Success
(DoS).

Figure 2. A Framework of Youth Outcomes for STEM Learning in afterschool programs
(Afterschool Alliance, 2013).
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Of the three evaluation methods, the most crucial method to measure overall quality of an
afterschool program is DoS. This is an observation tool for assessing program quality of STEM
learning in afterschool programs (Allen et al., 2016). Allen et. al. argues that all three evaluation
methods are critical in measuring the effectiveness of an afterschool STEM program (2016). DoS

Figure 3. Dimensions of Success (DoS) Program Quality Tool-Domains. An observation tool
for assessing quality of STEM learning in afterschool programs.
evaluation method is an evidence-based tool where observers recorded evidence of STEM
learning and qualitative data from field notes were quantified using a standard rubric from low to
high evidence (Allen et al., 2016).
DISCUSSION
In this section, I will present a new conceptual evaluation framework for an all girls
out-of-school computing program named CoMPaCT. This new framework is adapted from an
existing framework named Framework of Youth Outcomes (Afterschool Alliance, 2013). The
CoMPaCT acronym stands for curriculum, tools, mentorship, community, and parental
influence. I will also discuss each component of the model highlighting the importance and
implications of the evaluation framework.
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CoMPaCT: AN EVALUATION FRAMEWORK
Based on literature, the frameworks presented above define a criteria for a high-quality
STEM program. According to a recent report by RAND (2017), “When effectiveness is
considered, programs are often grouped together without regard for differences among program
goals (e.g. academic performance, promote positive social skills, or decrease substance use),
content or the measurable outcomes programming might produce” (p.1). The frameworks that
have been shared in this integrated project present are grouping out-school programs together
and they lack of information about the actual components, structure, and design of different types
of STEM programs in an out-of-school setting. “The limitations of the existing research are due
to the many types of out-of-school STEM programs and the difficulties of measuring the
outcomes of such programs.” (National Research Council, 2015, p.3). This is why it is crucial to
support evidence-based policy and programs. Each all-girls computing program has specific
outcomes which influence program design. For example, some after-school computing programs
focus on the problem at the start of the “leaky pipeline” whereas others focus on a career
element. McCombs, Whitaker, and Yoo (2017) began to address this gap by specifying the
primary outcomes they would expect based on the program content as seen in Figure 4 b ut there
needs to be future work to be done in classifying and identifying all-girls computing or STEM
programs based on outcomes.
According to McCombs, Whitaker, and Yoo (2017), a computing program would be
categorized under a specialty program. “Specialty programs focus on providing a specific set of
experiences or developing a specific set of skills and are the type of program that youth from
middle-income and upper-income families commonly access for a fee” (McCombs, Whitaker, &
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Yoo, 2017, p.5). In addition to this definition, it is recommended to add free programs like the
not-for-profits such as Girls Who Code and Black Girls Code. Specialty programs can be broken
down even further by subject and demographic. By breaking down specialty programs further
into categories and specifications, programs will be able to be evaluated more effectively.

Figure 4. K
 ey Dimensions Linking OST Program Content to Primary & Secondary Outcomes.
For example, Girls Who Code has a very particular program focus and characteristics
which would fall under specialty program but the potential primary outcomes would include
more than only new experiences and opportunities and skill development. Other outcomes
specific to this type of all girls computing program can include career development and pathways
as well as support from the community which includes mentoring and role models.
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Although these frameworks provide an evaluation indicator, it is still difficult to
understand the effectiveness of the specific design elements of various types of STEM programs.
Therefore, what qualifies as a high-quality STEM program for an all-girls computing program? I
am introducing a new conceptual evaluation framework named CoMPaCT. CoMPaCT i s
designed to specify the design components and program outcomes of an all-girls out-of-school
computing program as seen in Figure 5. This type of out-of-school all girls computing program
should be classified as a specialty program. For the purpose of this project, an out-of-school all
girls computing program is defined to include structured curriculum for groups of students with
tools and artifacts, is overseen by an adult, consist of 100% girls, expects regular attendance in a
summer program setting (7 to 8 weeks) or club setting (weekly meetings throughout a school
year), and is provided in a physical location, such as a school or community-based facility.
CoMPaCT i s a way to evaluate an all-girls computing program, offering a new way to
design and measure the effectiveness of this specialty program. This framework is adapted from
the Framework Outcomes of Youth (Afterschool Alliance, 2013). It is important to note that
program quality and intentionality influence outcomes (McCombs, Whitaker, and Yoo, 2016).
The program quality and intentionality is a direct correlation with the design of a program. Each
design component of an all-girls computing program will impact and influence the outcomes.
The outcomes include identity, social factors, and computing skill and knowledge. The quality of
each component will have a major impact in the success and effectiveness of the program, which
is why this conceptual framework articulates the different inputs including parental influence,
curriculum, mentorship, tools and artifacts, and community. Each design input described above
will be expanded on in the following subsections.
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Figure 5. CoMPaCT: A Conceptual Framework for an All-Girls Computing Program, based
on Afterschool Alliance (2013).

CURRICULUM
“Computational thinking is a fundamental skill for everyone, not just for computer
scientists. To reading, writing, and arithmetic, we should add computational thinking to every
child’s analytical ability” (Wing, 2006, p. 33). According to Wing (2006), “computational
thinking involves solving problems, designing systems, and understanding human behavior, by
drawing on the concepts fundamental to computer science” (p. 33). “CT’s essence is thinking
like a computer scientist when confronted with a problem (Grover & Pea, 2013, p. 39). This CT
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framework is the basis of various recurring themes in computer science educational literature.
Another framework developed by Zendler et al. proposes two different lists of concepts central
to computer science learning, the list of “central content concepts” and the list of “central process
contents” (2011, p. 389). Many introductory computational experiences use Lee et al. (2011) use,
modify, create framework which represents three phases of students’ cognitive and practical
activity in computational thinking to create low-bearing walls for first-time learners to provide
scaffolding and equity.
Computational thinking is part of the core practices in the K-12 Computer Science
Framework released in 2016. This framework outlines standards of Computer Science by grade
levels and subconcepts including computing systems, networks and the Internet, algorithms and
programming, data and analysis, and impacts of computing (K-12 Computer Science
Framework, 2016). According to Grover & Pea (2013), “A valuable perspective that breaks
down the meaning of CT, especially for high school curricula, comes from the CS Principles
course which focuses on the practices of computational thinking” (p. 39). It is based on the seven
“big ideas” of computing:
1. Computing is a creative human activity
2. Abstraction reduces information and detail to focus on concepts relevant to
understanding and solving problems
3. Data and information facilitate the creation of knowledge
4. Algorithms are tools for developing and expressing solutions to computational
problems
5. Programming is a creative process that produces computational artifacts
6. Digital devices, systems, and the networks that interconnect them enable and foster
computational approaches to solving problems.
7. Computing enables innovation in other fields, including science, social science,
humanities, arts, medicine, engineering, and business.
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Beginning with Papert who pioneered the idea of children developing procedural thinking
(Papert, 1991), computer science naturally lends itself to a constructionist approach in a
project-based curriculum. This style of learning fosters creativity and discovery of learning by
building tangible shareable products. “Research suggests that project-based curriculum
intentionally positions girls as creators and designers through making and creating activities they
engage in that support youth in developing STEM-linked interests and identities” (Pinkard et al.,
2017, p. 484). Not only is supporting girls interests as creators through a project-based
curriculum important, also offering a rigorous CS pathway, or progression, allows for long-term
STEM linked interests and identities which then affects girls decisions to maintain a career in
STEM.
There are several examples of existing project-based curriculum which directly focuses
on girls to promote interest in STEM or integrate career and content. In the area of promoting
interest in STEM, Jacqueline Leonard and her colleagues assess the effects of a culturally
relevant STEM intervention aimed to foster progress in career development in Using Robotics
and Game Design to Enhance Children’s Self-Efficacy, STEM Attitudes, and Computational
Thinking Skills (Connors-Kellgren et al., 2016). This type of project-based curriculum directly
aims to prepare students to succeed in STEM on their attitude towards STEM careers.
Digital Youth Divas is an out-of-school program geared towards middle school girls in
design-based engineering and CS activities. This program uses a narrative-driven curriculum to
spark middle school girls’ interest in computational activities. According to Pinkard et al. (2017),
“The program environment addressed the previously outlined design challenges using the DYD
situational framework: a narrative storyline based on non stereotypical characters, in-person
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activities led by racially diverse female mentors and involving interactions with racially diverse
female peers, and an online platform that extends beyond the confines of in-person activities” (p.
483).
Another project by Andrea Sarah Gomoll et al. in Dragons, Ladybugs, and Softballs:
Girls’ Engagement with Human-Centered Robotics, “found that providing STEM content in
isolation was not enough to engage girls in an informal project-based program”
(Connors-Kellgren et al., 2016, p. 830). According to Connors-Kellgren et al. (2016), “They
stress the importance of focusing on the STEM processes and development in order to promote
the skills and experiences that are necessary to developing, interest and perseverance in STEM
academics and later careers” (p. 830). The content, lessons, and objectives should embody the
social impact of technology to demonstrate ways technology can help others and express oneself
since art and humanities is a critical design element for girls.
In the area of career and content integration, project-based learning takes a slightly
different approach. In Designing the Game: How a Project-Based Media Production Program
Approaches STEAM Career Readiness for Underrepresented Young Adults, Kristin M. Bass,
Ingrid Hu Dahl, and Shirin Panahandeh provides students with direct exposure to professional
equipment and requisite technical and non-cognitive skills (Connors-Kellgren et al., 2016). They
claim by “exposing young people to STEM workplace technologies and giving them space to be
creative and develop independently lay the foundation for career readiness because this reflects
the challenges and opportunities that young people will encounter in the technology job market”
(Connors-Kellgren et al., 2016, p. 831).
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The projects presented are all fruitful examples of how various computer science
curriculum is being implemented in after-school programs. Projects should strive to provide girls
with more opportunities for engagement by developing more artistic avenues, like arts and crafts,
and focusing on humanities, like developing an app to help, teach, and aid others. Having a
learner-centered approach in the curriculum offering girls real-world problem-solving is critical
to their engagement in CS. Informal STEM activities attract girls when the activities are
communally oriented meaning they are organized around real-world problems and helping
people (Diekman et al., 2010).
When selecting a curriculum for an all-girls computing after-school program, it is
important to maintain the goals of the program in mind and understand the ethnic background,
interests, and socio-economic statuses of the girls in the program. The recommended curriculum
encompasses a research-based project-based curriculum aligned to K-12 CS standards with
learner centered content ensuring girls are engaged and motivated to learn CS.

TOOLS
“Programming is not only a fundamental skill of CS and a key tool for supporting the
cognitive tasks involved in CT but a demonstration of computational competencies as well”
(Grover & Pea, 2013, p. 40). Programming tools and environments are meant to be used to
program digital creations and provide a “low floor, high ceiling” environment to allow for
beginner and advanced programmers to succeed. “It essentially means that though it should be
easy for a beginner to cross the threshold to create working programs (low floor), the tool should
also be powerful and extensive enough to satisfy the needs of advanced programmers (high

CoMPaCT: An Evaluation Framework for Effective All-Girls Computing Programs

24

ceiling)” (Grover & Pea, 2013, p. 40). Various examples of graphical programming
environments include, “Scratch, Alice, Game Maker, Kodu, and Greenfoot; Web-based
simulation authoring tools such as Agentsheets and Agentcubes; and robotics kits and tangible
media such as Arduino and Gogo Boards” (Grover & Pea, 2013, p. 40). In addition, there are
emerging programming tools that strive to close the gender gap in computing by providing more
opportunities in informal settings. For example, “E-textiles and other “computational craft” kits
that use small, powerful hardware, such as the Lilypad Arduino, allow children to combine
traditional arts and crafts such as sewing and sketching with computation and electronics”
(Grover & Pea, 2013, p. 41).
There is a distinction between online learning platform and programming tool. Within an
online learning platform there are programming tools and environments necessary to program
digital products. It is recommended to use a blended learning environment which means there is
face-to-face interaction between mentors and students as well as a comprehensive online learning
platform for the girls to use during program hours and outside of the program environment. This
provides quality learning opportunities for participants outside of the physical learning space as
well as in person (Pinkard et al., 2017). Built-in features within an online learning platform are
an integral part of the learning process and the social environment of the CS online learning
experience. There are various types of online platforms with different features that can be used in
an all-girls computing program. Zulama, Globaloria, Project Lead The Way, and CodeHS offers
comprehensive online platforms for mentors, facilitators, and students. Ideally, online platforms
should include the following features: an online project-based curriculum, social learning
environment, parental access, mentor and participant feedback system, and programming tools.
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By having access to an online project-based curriculum, students will have the
opportunity to learn anytime, during and after program time. Participants will also be able to take
ownership of their project and learning process by being able to document their progress online.
These specific features, in turn, leads to the mentor and participant feedback system. Within a
project-based online platform students should be assessed throughout their experience by having
students explain their decisions and development process (Brennan & Resnick, 2012).
Mentors should have the ability to provide participants with feedback in the online
curriculum to ensure students stay engaged and motivated to complete their projects. Mentors in
the program will find this digital project-based curriculum advantageous since student learning
data will be collected within the online platform, easily displaying data which shows progress.
This data should also be accessible to parents to maintain clear and open communication lines.
Portal access for parents will allow for program transparency and it will give parents an overall
view of their child’s progress in the program.
A social learning environment in the online platform is imperative for learning. The
online learning platform should provide ways for girls to form an identity, like creating a profile
page with interests and a portfolio. A portfolio page is a way to show each student’s growth of
interests, knowledge, and skills in computing. In addition to a personal page, another social
element would include social interactions among peers. Examples include a like feature, emoji
reactions, and comment posts. Another social element would be a community feature. Students
should have the ability to ask for instructional support either to their classmates, work in teams,
or ask help from a coding expert. The community feature should also include instructional
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support content for students to use like tutorials, how to articles, and it should give the
participants an option to share content.
When selecting an online learning platform, it is important to consider all of the features
mentioned above. It is under the assumption this online learning platform is compliant with
FERPA and COPPA to protect student information and privacy. It is also assumed the online
platform is ADA compliant with accessibility design and features to fully include all students,
including those with disabilities. Although many of the features described can be supplemented
offline, the online features will benefit all stakeholders in the program including individual
student data, growth in STEM interest, hours of STEM, knowledge, and skills in computing.
These are all key factors that will help measure the effectiveness of the program.

MENTORSHIP
There is an awareness to create learning environments that overcome design challenges
of sparking racially dominant and nondominant girls’ interest in STEM. In order to solve this
issue, mentors are a staple element in designing STEM programs for girls. Female role models
and mentors have proven to be an influential agent on girls perception of STEM. Research has
shown that female students who participate in STEM-focused after-school programs “were more
likely to report gains in relationships with adults and peers in numbers significantly higher than
their male counterparts” (Allen et al., 2016, p. 2). Therefore, it is recommended that an all-girls
computing program provide positive role models who are able to promote interest and
engagement in computer science and engineering as well as career development in technology.
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Images of positive role models in technology and engineering careers can influence a
girls attitude towards a commitment in a STEM field (Wyer, 2000). “Many inclusive STEM
learning spaces are characterized by their efforts to broaden participation in computing and
technology by targeting racially diverse role models or instructors, and by both acknowledging
students’ intersectional and multiple identities and dispelling stereotypes that may constrain
students; willingness to participate” (Pinkard et al., 2017, p. 481).
Although there is much research indicating that mentors and role models have a positive
influence on girls attitudes and career choices towards STEM, research shows that simply
matching a mentor and mentee is not enough. A study conducted by Bamberger indicates that
female role models can frighten girls in pursuing a career in STEM (2014). Based on her study,
Bamberger makes various recommendations for effective interventions of women as role models
such as long-term relationships with female mentors, reducing the developmental gap by pairing.
For example, 12th grade girls with recently graduated women engineers, and reducing the
cognitive gap by ensuring facilitators are mediating the experience by explaining unfamiliar
concepts or making connections to prior knowledge (Bamberger, 2014). The need for training
and ongoing support of mentors, mentees, and facilitators is crucial to building and maintaining
effective, meaningful mentoring programs (Henry 1994).
Mentors are social agents who can be represented in various ways. Mentors can be
facilitators who are running the program as frontline staff members. These individuals can come
from different backgrounds like education, social work, sociology, art, engineering, science, and
mathematics (National Research Council, 2015). Mentors can also be defined as experts in a
STEM industry. They can be a facilitator or visitor in the classroom who shares personal and
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career experiences. No matter which role the mentor is playing, the mentor should present
information about the status quo which strengthens the willpower the girls will need to achieve
their goals (Perry & Vance, 2010). Based on Markus and Nurius (1986) possible-selves theory,
Perry and Vance (2010) suggest “counselors should coordinate different pedagogies and learning
modalities that help adolescents process and consolidate such information about systemic
inequities” (p. 267).
Whether visiting a classroom or facilitating the program, the selection and
implementation of mentors is key to the success of the all-girls computing program. Cultural
context among mentors should be implemented as long term relationships, the length of the
program, with similar ethnic and socioeconomic backgrounds of mentors, which can heavily
influence the impact of girls and their pursuit of a technology and computing career. Women in
these mentorship roles should be encouraged to speak about gendered barriers they had to
overcome as well as other challenges and successes in their career (Shapiro et al., 2015). In
addition, mentors who are facilitators should be professionally trained by program leaders to
understand the curriculum and undergo pedagogical training in the program as well as share
cultural connections with the girls.

PARENTAL INFLUENCE
Parents play an influential role in a child’s interests, beliefs, attitudes, academic values,
and career aspirations. Whether intentionally or unintentionally, girls are first being exposed to
gendered roles by their parents and it appears that parents communicate gendered messages
about activities, occupations, and beliefs and values (Shapiro et al., 2015). Research studies by
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Eccles demonstrate that “parents distort their perception of the competencies of girls and boys in
various domains in a gender-role stereotypic fashion” (2011, p. 199). In one domain parents are
partial in their perception of talent between their sons and daughters. Parents underestimate their
daughters talent and overestimate their sons talent (Eccles, 2011). In another domain, parents
give girls and boys different experiences around vocational and educational options like they
provide boys with more opportunities in sports and computing and girls with more opportunities
to socialize with peers and read (Eccles, 2011).
It is likely these negative interactions and biases from parents may contribute to the
gender gap in computing and technology fields, eroding girls belongingness in this area of study.
Parental involvement is vital to “exposing their children and adolescents to enrichment activities
outside school, which open up opportunities to explore science and technology through ‘doing’
(coding clubs, robotics clubs, science-art summer camps)” (Dasgupta & Stout, 2014, p. 23).
Therefore, what should programs do to help parents break gender role stereotypes and gender
biases and play a positive support role in a child’s STEM path? Being that parents are critical
early socializers of their children’s academic interests (Dasgupta & Stout, 2014), parents should
be encouraged to partake in their children’s after-school STEM activities by providing
activity-related materials at home and participate with them in the program because the more
parents are involved, the more children become interested in STEM (Simpkins, David-Kean, &
Eccles, 2006).
Based on the research presented about parental influences, it is recommended that parents
play an integral part of the all-girls computing program. There are many design elements that can
trigger the participation of parents and families in informal settings, like out-of-school programs.
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Programs should work in collaboration with parents by encouraging engagement and
participation through parent-daughter CS activities online and offline, family-focused fieldtrips,
providing a cumulative project showcase with parental involvement, and hosting various family
CS nights.

COMMUNITY
There are two tiers in the definition of community for an informal STEM program: one is
the sense of community amongst participants, mentors, and program leaders and the other is
making a connection with the surrounding community outside of the program environment.
Informal learning programs all have a responsibility of addressing the importance of the
relationship between program leaders, mentors, facilitators, and its participants. Mentors can
establish a rapport and deep connections with the participants by creating a supportive and safe
environment, allowing for participants to experiment and fail. There are various ways mentors
can truly develop a deep connection with the participants. For example, Nasir and Hand (2008)
suggests that practice-linked identities “allows a way to understand the interpersonal dimensions
of learning and to capture the ways that learning settings can support or fail to support not just
the acquisition of skills and knowledge but a deep sense of connection with participants” (p.
176).
It is important to develop a community of computing practice within the program by
providing resources for participants including: self-learning mentors, bibliographical resources
(the Web, articles, and books), school resources, and other humans like classmates and family
members (Haberman & Yehezkel, 2008). This collaborative environment with the recommended
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resources should be reinforced through the online learning platform as well. Within a computer
science educational program study conducted by Haberman and Yehezkel (2008) found that
during the entire development process, students exhibited self-efficacy and what was perceived
by students as the most significant resource were the bibliographic ones. However, when
students were “stuck”or felt frustrated during problem solving activities, they relied more on the
mentors than the bibliographic resources (Haberman and Yehezkel, 2008). The design of the
program should encourage mentors, facilitators, and program leaders to build a collaborative
environment with a community of computing practice in the program.
In parallel with building a community within the classroom, the program should also be
designed for participants to work collaboratively with the community to build projects that will
make a real-world impact. Showcasing the projects to the community will increase engagement
and interest in computing for girls in an informal setting. A program designed by DiLisi,
McMillin, and Virostek called Project WISE describes the success of connecting community and
all-girls STEM programs where “students agreed that making lasting contributions to a museum
and producing deliverables that were available to the community were perhaps the most exciting
aspects of our program” (2011, p. 41). Also, Project WISE held a reception for the participants’
families and the community where “students felt a sense of pride in showcasing their
deliverables to their families” (DiLisi, McMillin, & Virostek, 2011, p. 41).
There are several ways programs can be designed to strengthen relationships between all
stakeholders by developing a collaborative learning environment which allows for
experimentation and failure, fostering growth, creativity, and interest in computing. Community
building should also be encouraged by developing partnerships with the community through
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local institutions, like museums, schools, libraries, and families to host receptions and events to
showcase the girls projects which make a real-world impact.

EVALUATION RUBRIC
Based upon this model, I propose stakeholders use the CoMPaCT rubric as an evaluation
tool of an all-girls computing program as seen in Figure 6. This rubric is an extension of the
CoMPaCT m
 odel which includes the indicators and sub-indicators based on a 3 point evaluation
system. Each design element can be evaluated in three tiers: effective, satisfactory, and needs
improvement. Each indicator has various sub-indicators to meet effective program requirements.

Figure 6. CoMPaCT: An Evaluation Rubric for an All-Girls Computing Program, based on
Afterschool Alliance (2013).
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CONCLUSION
In this integrated project, I reviewed the literature behind girls’ views towards computing
and STEM as well as existing out-of-school girls only computing clubs and program. I have also
reviewed existing evaluation frameworks for out-of-school STEM programs which were recently
released within the last five years. Based on the literature, I introduced a new conceptual
evaluation framework for an all girls out-of-school computing program named CoMPaCT.
This specific area of afterschool STEM programs, computer science and engineering for
girls, is still understudied and requires more effort from researchers and institutions. It is crucial
for programs to establish evaluation methods across different levels of the all-girls computing
program. The development of different types of evaluations for different types of specialty
programs, like an all-girls computing program, in STEM is critical to measure the quality each
type of afterschool program. Efforts in this area are crucial to measure the impact of educational
programs that require sustained support (Afterschool Alliance, 2013). Gathering data will help
inform all stakeholders, including policy makers, families, foundations, corporations, nonprofits,
states, and local grants.
By following the conceptual design framework, programs will have a suggested path to
design and implement in order to create a high-quality all girls computing program. Programs
who use CoMPaCT as a framework should maximize girls interest in computing and help
increase interest in pursuing a career in computing and/or STEM.
In the future, all-girls computing programs are encouraged to use this conceptual design
framework as a tool to measure and evaluate effectiveness and quality.  With the creation of
effective all-girls computing programs in informal settings, more communities of women and
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