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Figure 5. Event list for the 2022 Science Olympiad season (Science Olympiad, Inc,

2020).

Core knowledge events are focused on scientific theories and applications of
those theories in specific areas of science, such as anatomy and physiology. At each
competition, these events are scored based on performance on a unique test. Each core
knowledge event has a detailed set of rules that indicate specific topics within the subject
area’s scope and what resources can be used during competition. For most of these
events, students are allowed resources such as a certain number of pages of notes or
binders of a specific size that contain information they have researched and gathered. The
time and effort put into gathering the information and organizing it into an efficiently
searchable set of resources can take hundreds if not thousands of hours. The students

consistently revise and add to their resources throughout the season. An example of a rule
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sheet and a student-generated resource sheet for a Core Knowledge event is found in
Appendix A.

Build events require students to construct a device that can perform specific tasks
at a competition. The rules give detailed specifications about construction, tasks it must
perform, records that must be kept during development, and how the device will be
tested. For example, in Wright Stuff, a glider must be constructed to fly for the longest
possible time. A rubber band powers the glider and must be within a specific mass range.
Each aspect of the construction specifications is detailed, including but not limited to the
types of materials and adhesives that may or may not be used. Students go through many
iterations of their designs during a competition season and learn how to repair breakages
and mishaps during both practices and competitions. A sample of a building event rule
sheet is found in Appendix B.

Laboratory/Hands-On events contain a component where students demonstrate
the skills they have developed to be used in a STEM laboratory in conjunction with the
knowledge they have acquired about the theories and principles in a specific STEM area.
In these events, students are expected to collect and analyze data to solve a problem.
Students carry out specific lab procedures based on covered topics, like titration for acids
and bases in Chemistry Lab. The rules for these events contain information about what
resources are allowed during competition and samples of laboratory processes with which
students must be familiar. An example of a laboratory/hands-on event rule sheet is found
in Appendix C.

Hybrid events are events with both a core knowledge and a building component.

These events have become more common over the years. Hybrid events typically have a
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written test during the competition and a device testing time for the built component. For
instance, in Its About Time, students make a timekeeping device and test time standards
and the physics related to timekeeping devices. Samples of event rules are found in
Appendix D.

A team from a school consists of 15 students. These 15 students then organize to
send partners or trios to compete in each of the individual events. Each competition will
have a schedule of when teams are to report to each specific event. At times, scheduling
conflicts arise, and teams must rearrange which students represent the team in each event,
sometimes at the last minute, to ensure a partnership or trio is in each event. Partnerships
can earn medals in individual events, and then each partnership’s placement in the
individual events combines for a team score. The team awards are based on the lowest
sum of composite scores from individual events. Teams, not partnerships, advance in the
levels of competition: Regional to State to National tournaments.

Science Olympiad is a national organization founded in 1984 by Gerard and
Sharon Putz and Jack Cairns. The organization was inspired by smaller similar
competitions in Delaware, Pennsylvania, and North and South Carolina (Macbeth, 1977;
Wetmore, 1978; Wilson, 1981). Science Olympiads were seen as alternatives to the
traditional Science Fair and a way for colleges to recruit STEM students (Wetmore, 1978;
Wilson, 1981). The first proposals of a national organization were presented to the
National Science Teachers Association and proposed to the conference exhibitors. At the
conference, organizers approached the Army, and after a seminar attended by
representatives from all 50 states and Puerto Rico, they decided to sponsor the first

national tournament. Since the first national tournament in 1984, participation has grown
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from 17 states to every state, with several needing to be divided. According the Science
Olympiad, more than 7,800 secondary schools have registered teams.

Various other organizations are also termed Olympiads, such as Biology
Olympiad, Physics Olympiad, and Chemistry Olympiad (/nternational Biology
Olympiad, 2020; IPhO - The International Physics Olympiad, Singapore, 2020; U.S.
Participation in the International Chemistry Olympiad, 2020). These organizations are
not affiliated with the US-based Science Olympiad. According to their websites, these
other Olympiads do not have a similar structure to Science Olympiad. In this dissertation,
I focused on Science Olympiad as previously described.

While Science Olympiad has grown and is now found in many schools throughout
the US, there has not been much educational research done about Science Olympiad
(Sahin et al., 2015). In addition, much of the research has either focused on the
international Olympiads (A. Steegh et al., 2021b, 2021a; A. M. Steegh et al., 2019) or
looked at Science Olympiad as one of the multiple options of science competitions
(Abernathy & Vineyard, 2001). Abernathy and Vineyard’s (2001) study investigated the
differences between science fair and Science Olympiad participation at the middle school
level. The study found Science Olympiad had more females participating in comparison,
albeit in more biology and life science events, than science fairs (Abernathy & Vineyard,
2001). While Abernathy and Vineyard (2001) specifically looked at science fairs and
Science Olympiad, there have been several other studies that have explored female
participation in science competitions as a whole (Fox & Cater, 2015; Hennessy Elliott,
2020; Riegle-Crumb, 2017; Sahin et al., 2015). Over three years, McGee-Brown

conducted a longitudinal study using data collected in the Georgia State Science
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Olympiad organization about how students’ group work and inquiry skills developed
(McGee-Brown, 2003). Several dissertations have also been written using Science
Olympiad as a format to examine STEM involvement and interest, with two cited on the
Science Olympiad website (Forrester, 2010; Science Olympiad, Inc, 2020b; Wirt, 2011).
However, none of these studies have explored the role science competitions, particularly
Science Olympiad, have on the development of science identity and well-developed
personal interest in a specific science area in females.

When examining gender differences in any organization, complexities arise due to
the multiple factors involved in why females participate in one area and not another
(Archer et al., 2017). When examining a group of people, individualism is highlighted.
Each person is different and has different motives and preferences (Sparks, 2018). Each
female has a different experience, both good and bad, even in the same programs and
locations (Farland-Smith, 2015). In multiple studies where females in STEM have been
studied, different experiences have been revealed (Carlone et al., 2011, 2015; Carlone &
Johnson, 2007a; Hennessy Elliott, 2020; Krogh & Andersen, 2013; Nealy & Orgill, 2020;
Sparks, 2018; Wade-Jaimes et al., 2019). Although there are different experiences across
the studies and situations, there have been several themes found to contribute to the
progression of females in the STEM pipeline, which gives efficacy to continuing to

examine the perceptions and experiences of females in different STEM programs.

Research Questions
1. How does participation in a Bay Area High School Science Olympiad program

influence the STEM identity of female students and alumnae?
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2. How does participation in a Bay Area High School Science Olympiad program
contribute to female students and alumnae maintaining and growing a personal
specific STEM interest?

3. What features of Science Olympiad encourage active, long-term participation in
Science Olympiad for female members? What features hinder participation?

4. What are Bay Area High School Science Olympiad female students and alumnae

perceptions of who belongs in STEM fields?

Definition of Terms

Several terms will be used throughout this dissertation that may have several
definitions. However, throughout this dissertation, the following definitions will be used.
Alumnae are students who graduated from Milpitas High School, were active
participants in the Science Olympiad, and are currently attending college, both graduate
and undergraduate, or have graduated and are now establishing their careers. These
young women are STEM majors who are either now taking or have taken one of the
STEM weeder courses. Some examples of STEM weeder courses are freshman college
chemistry, physics, biology, calculus, and linear algebra.
Identity is the type of person one wants to be, including traits and aspirations (Gee,
2000).
Identity Boundary Work are activities that people do that are in new areas that are
outside their comfort zone. Often these areas were unimaginable for the person to
participate and learn about until exposed through identity boundary work (Carlone et al.,

2015).
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Personal Specific STEM interest will be used to refer to an emerging or well-developed
interest in a specific area of science, such as microbiology, protein synthesis, mechanical
engineering, etc. (Hidi & Renninger, 2006).

STEM (Science) Identity is the type of science person one wants to be and congruency
with the concept of science (Carlone & Johnson, 2007a).

STEM Pipeline is a series of activities and schoolwork that lead toward a STEM career
(Linnenbrink-Garcia et al., 2018).

Science Olympiad is a national extracurricular organization that is school-sanctioned.
Teams of 15 compete in 23 STEM events that the national organization determines
(Science Olympiad, Inc, 2021).

Weeder courses are introductory and foundational college courses required to pass with
a grade of B or better to continue to take more advanced and specialized STEM courses
and complete a STEM major. Examples of weeder classes would be first-year college
chemistry, first-year college biology, first-year college physics, college calculus, and
linear algebra. These courses typically have large class sizes and are significantly
challenging to pass. Many universities also limit the number of times a student can retake

the class (Ferrare & Miller, 2020).
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CHAPTERII:
REVIEW OF THE LITERATURE

While female representation in the STEM fields has shown marked increases
since the 1990s, there is still a gender gap in many STEM fields (Women, Minorities, and
Persons with Disabilities in Science and Engineering: 2021 | NSF - National Science
Foundation, 2021). Even though biological sciences have seen an elimination of the
gender gap, the gap is still wide in the physical sciences, engineering, and computer
science (Adams et al., 2014; Committee on Increasing the Number of Women in Science,
Technology, Engineering, Mathematics, and Medicine (STEMM) et al., 2020; Levine et
al., 2015; OECD, 2019; C. A. Shapiro & Sax, 2011; Women, Minorities, and Persons
with Disabilities in Science and Engineering: 2021 | NSF - National Science Foundation,
2021). While many factors appear to contribute to the persistence of females in the
STEM pipeline, the majority of these factors load onto one construct: STEM identity
(Carlone & Johnson, 2007a; Kim et al., 2018; Vincent-Ruz & Schunn, 2018). In-school
classes are not the primary motivator for females to develop STEM identity and stay in
the STEM pipeline (Krogh & Andersen, 2013). Instead, extracurricular STEM programs
appear to have the most influence (Abernathy & Vineyard, 2001; Adams et al., 2014;
Sahin et al., 2015; A. M. Steegh et al., 2019; Wade-Jaimes et al., 2019). This study
explored participants’ perceptions in one extracurricular program, Science Olympiad, at a

Bay Area High School.
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This literature review presents research explaining the critical components of
STEM identity and which activities serve as vehicles to help adolescent females develop
their STEM identity. First, I will explore what STEM identity is and how it has been used
to interpret the actions of females in STEM. Next, I will examine identity boundary work
to develop STEM identity. Third, I will explore personal specific STEM interest, a
specific and critical component of STEM identity. After exploring STEM identity, the
focus will transition to exploring the literature about the role of extracurricular STEM
actitivies in developing STEM identity. I will then finish by describing the effect that
competition has on extracurricular activities and STEM identity since the extracurricular

activity in this study, Science Olympiad, is a competition.

STEM Identity

According to Holland and Lave (2009), identity is a conversation between oneself
about who you see yourself as, how you think others see you, and how you interact with
others and your environment. Identity is mostly about how you see yourself and how that
view directs the actions you take (Krogh & Andersen, 2013). For females, STEM identity
is how they see themselves in the STEM community and how they interact with STEM
subjects and activities (Kim et al., 2018). An important aspect of STEM identity is the
differentiation between STEM ability and STEM identity (Hill et al., 2018). According to
Hill et al., (2018) a female with high STEM abilities does not mean they have also have a
strong STEM identity. STEM identity must be examined as a separate construct from
STEM abilities.

Kim, Sinatra, and Seyranian (2018) conducted a meta-analysis of 47 articles to

explore three research questions:
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1.  What kind of STEM environments do young women experience in middle
and high school?

2. What efforts have been made to bring about change in the STEM
environment young women experience? Have there been efforts to change
the prototypes of STEM identity?

3. What implications and recommendations for theory, research, programs,
and policy emerge from investigating the literature from a social identity
perspective?

Kim et al.’s analysis found that in order to help girls develop a strong STEM identity,
successful activities and programs must focus on assisting females in creating a sense of
belonging in STEM activities. Additionally, females need to gain confidence in knowing
they can compete with others in the STEM fields. This aspect has an essential distinction
between developing abilities and building confidence in the females’ abilities. Kim et al.
suggest that co-ed programs are most effective as long as the program monitors gender
attitudes for all. Kim et al. suggested the need for programs that specifically help white
boys, parents, and teachers see the challenges females and other minorities have in STEM
and become allies. Finally, Kim et al. expanded the previously developed model of
STEM identity created by Carlone and Johnson (2007) to include five areas instead of
three, as shown in Figure 1. Kim et al. (2018) added the areas “perceptions of scientists"
and “interest in STEM careers.” The perceptions of scientists added the crucial aspect of
having good role models to help females envision themselves as part of a community.
Additionally, Kim et al.’s addition of interest in STEM careers highlights the importance
of personal specific STEM interest. Also, it acknowledges the findings of Cooper and
Heaverlo (2013) that STEM interest is a separate construct from other motivational areas.
In the current study, the Bay Area High School’s Science Olympiad program is a

co-ed program with the characteristics that Kim et al. suggest are most effective in

helping females develop a STEM identity, specifically helping females develop a sense
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of belonging in a STEM program. The proposed study will also explore how the co-ed
environment has helped or hindered different females in their development of STEM
identity.

While Kim et al. further developed the components that made up STEM identity
and emphasized the need for co-ed programs where males and females learn how females
belong in STEM, Vincent-Ruz and Schunn (2018) explored other attitudinal components
that contribute to STEM identity. Vincent-Ruz and Schunn conducted a quantitative,
longitudinal study using a subset of the Activated Learning Enables Success 2015 data
set. The data was collected from seventh and ninth-grade students in 19 schools with
varying demographics from two urban regions of the United States. Science Identity was
measured from two perspectives: self-view and perceived view of others. The attitudinal
components measured were fascination, values (how important knowing science is to
personal life), and competency beliefs. The researchers conducted exploratory factor
analysis, and the data loaded in four distinct factors (science identity, fascination, values,
and competency beliefs) that were correlated but distinct. The attitudinal factors showed
large Pearson correlations between 0.47 and 0.54. Both science identity views (self-view
and perceived view of others) loaded together, but none of the attitudinal components
loaded together or with science identity. The correlations between the self-view and
perceived view of others had a very large Pearson correlation of 0.65, which is expected
since these two factors loaded together to form science identity. Additionally, the study
showed a strong Pearson correlation, 0.44, between science activity choices students
make and science identity, showing that students with budding STEM identities are more

likely to participate in activities that enhance that identity.
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The research questions for this proposed study are designed to explore the role of
Science Olympiad in developing females’ STEM identity. The females in this study have
chosen to join Science Olympiad in high school. Based on Vincent-Ruz and Schunn’s
findings, this is probably because the females already have a STEM identity and are
looking to strengthen it. Along with examining STEM identity for these females, the
current study will also explore personal specific STEM interest development. Vincent-
Ruz and Schunn used the term ‘fascination’ to describe what others in the literature call
personal specific STEM interest. They showed it loaded separately from identity even
though the Kim et al. (2018) and Carlone and Johnson (2007) models of STEM identity
include interest as a part of STEM identity. The contradiction between including personal
specific STEM interest as a part of STEM identity or not lends itself to more exploration
of identity and personal specific STEM interest in adolescent females. Vincent-Ruz and
Schunn’s sample was with early adolescents, while my sample will include high school
and college-aged adolescents along with young adults. Due to the contradiction and the
difference in sample demographics, I will be exploring personal specific STEM interest
separately from STEM identity.

When exploring young females’ perceptions of their STEM trajectory,
interviewing females who persist in STEM can yield important insights. Archer et al.
(2017) interviewed females who chose to persist in physics as they began their final years
of secondary education in the United Kingdom. The researchers identified and selected
these females from a broader longitudinal survey conducted about students’ science and
career aspirations. Archer et al. found these females shared several characteristics from

the interviews conducted. These females (a) were proud to be different, (b) were
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competitive, (c) had confidence in their abilities, (d) possessed high science capital, (e)
went to supportive schools, (f) preferred theory over practice, (g) had a way to deal with
being one of the few females, and (h) were generally not characterized as super “girly.”
While the current proposed study does not focus just on Physics, the methods used of
starting with a survey and then moving to focus groups on exploring the ideas initially
presented with more depth, as was done in the Archer et al. study will also be used.
Additionally, Archer et al. explored the females’ perceptions of themselves; a similar
design will be employed in the current proposed study.

Many see the costs of the time needed to pursue STEM as high because
understanding challenging content and its application is time-consuming (McDonald et
al., 2019). Additionally, females in STEM fields encounter situations of sexism and other
biases that are difficult to manage (Kuchynka et al., 2018). Cultivating a strong STEM
identity is important because females with a strong STEM identity tend to persist in the
STEM field despite the challenges (Archer et al., 2017; Carlone & Johnson, 2007a;
Kuchynka et al., 2018; McDonald et al., 2019). However, measuring STEM identity is a
challenge since it is an ill-defined construct that is fluid and altered by life experiences
(McDonald et al., 2019). Typically, STEM identity has been examined through
qualitative studies or adapted interest and motivation surveys (Abernathy & Vineyard,
2001; Archer et al., 2017; Carlone et al., 2015; Carlone & Johnson, 2007a; Fox & Cater,
2015; Nealy & Orgill, 2020; Sahin et al., 2015; Stringer et al., 2020; Vincent-Ruz &
Schunn, 2018; Young et al., 2013). However, McDonald et al. (2019) developed a single-
item measure for STEM identity called STEM Professional Identity Overlap (STEM-

PIO-1). This measure, a series of concentric circles shown in Figure 6, was compared to
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Figure 6. STEM Professional Identity Overlap Measure

(McDonald et al., 2019)

four STEM attitude questions and five STEM identity measures, each measured on a
Likert-type scale used in Young et al. (2013). McDonald et al. (2019) detected moderate
correlations between the STEM-PIO-1 and STEM identity and attitudes (7475 = 0.42 and
razs)=0.39). When examined across demographics, their results did not vary, suggesting
the STEM-PIO was reliable across all gender, racial, and ethnic groups.

McDonald et al. then adapted STEM PIO-1 for each component of STEM identity
by modifying the instructions for the graphic to focus on each component of STEM
identity (STEM P10-4). STEM PIO-4 showed good interitem reliability (o = 0.87). The
overall study results showed the STEM PIO-1 and STEM PIO-4 measures were reliable
and valid measures of STEM identity. McDonald et al.’s study used college students as
their sample, and even though the proposed current study’s participants will also include
high school students, the results should be applicable. Therefore, the current study will

use the STEM PIO-1 and STEM PIO-4 to measure STEM identity.
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Identity Boundary Work

Due to STEM identity being an ill-defined construct, it is not easy to understand
how females develop STEM identity (Carlone & Johnson, 2007a). Papadimitrou (2004)
suggested the lack of opportunities to see STEM in new ways is one of the most common
ways STEM identity and interest development is interrupted for females. Additionally,
Adams et al. (2014) and Krogh and Anderson (2013) have suggested that diving into
STEM practices to learn by doing is a key to developing STEM identity. Carlone et al.
(2015) described these activities as identity boundary work. Carlone et al. further
explained identity boundary work as actions or activities outside the student’s comfort
zone. When females do identity boundary work, an opportunity is presented to develop
an interest in an area that was previously something they would never have imagined
liking. Experiences in new areas could cause a change in students’ thoughts of who they
are and what they can do in terms of their STEM identity.

Carlone et al.’s (2015) study observed and interviewed a demographically varied
group of students from disadvantaged backgrounds about their experience participating in
a summer residential research program. The study described the summer research
program as a familial, collaborative, and caring environment where students collected
and analyzed data in the field of herpetology to report scientific findings. The students
met with scientists and were exposed to various science careers and fieldwork
opportunities.

When the program started, participants started with expressions of fear and “I’'m

'9,

not gonna ...!” (Carlone et al., 2015, p. 1532). However, they also showed openness and

willingness to venture closer to the animals and even engage with them. Throughout the
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program, the participants had experiences that they would have never tried except for in
the program environment, such as tagging frogs and turtles in their natural habitats.
Carlone et al. found that four aspects of the program were key to the students’
success and willingness to venture into spaces outside their comfort zone. First,
participants have what Carlone et al. termed boundary objects. These items made the
learner more comfortable and protected, such as wader boots to enter the water, gloves to
hold the animals, and even a clipboard to take notes. Secondly, the program gave
participants adequate time and space to engage. They were not forced but encouraged to
participate. The program had ways for everyone to engage on the edges of their comfort
zone. Thirdly, there was an immense amount of social support and collective agency. One
anecdote was shared where two participants chose to be the first to enter a pond to
retrieve a trap. The participants entered the water together and supported each other.
During their adventure, they answered questions from the other participants, which
assured them, and soon the whole group was participating. Lastly, the group leaders
provided anecdotal and scientific knowledge and skills. Students saw demonstrations of
different processes that they would need to perform. Students learned about the animals
and environments they were entering. With these four aspects of the program,
participants tried things they never imagined possible. In addition, participants
experienced situational interest, which Carlone et al. proposed may have started students
on the road toward personal interest, as explained by Hidi and Renninger (2006). Without
identity boundary work, the participants would not be introduced to this STEM area.
Another critical finding was letting the participants work through their uncertainty

in their own time and space. One participant did not want to touch the animals until the
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last week of the program. However, they still participated fully by being the note taker
for their groups and developed their analytical skills with the data collected.

The participants were actively involved in doing science, and I wonder if the
physical fieldwork was why the students began to engage. While Carlone et al. found that
the participants engaged in the spaces where they were first fearful and never imagined
they would engage, there was no exploration of the influence of the fieldwork aspect. In
addition, the authors acknowledge that this experience equated to the first two phases of
situational interest as presented by Hidi and Renninger (2006). A follow-up to this study
would provide insight into whether these experiences did provide the springboard to
developing a well-developed personal interest in the subject area or provided the students
with the confidence to begin to explore other areas of STEM where they could find a
personal specific STEM interest.

The current case study aims to examine the influence of a Bay Area High
School’s Science Olympiad team on the development of STEM identity and personal
specific STEM interests. The Science Olympiad team has many similar aspects to the
program Carlone et al. investigated, including the familial and collaborative environment.
Science Olympiad students often work in identity boundary areas due to the specificity of
many of the events. For most students, Science Olympiad is the first time they dive into
specific areas of STEM, such as ornithology or flight. While teachers in the school
science classes may briefly mention some of these topics, the students in Science
Olympiad must explore these topics at a much deeper level. Due to the team structure of
competitions, students are often asked to do events that are not necessarily in their

comfort zone but can develop a solid personal interest after the initial situational interest
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experience when fulfilling a need for the Science Olympiad team. In addition, the
exploration that is done in Science Olympiad generally has the four aspects that support
identity boundary work: boundary objects, time and space, social support, and anecdotal
and scientific knowledge. Time and space are where Science Olympiad can sometimes
fall short. There are times that an event needs to be covered in a very short amount of
time, but generally speaking, students have time to engage fully in the events.

Additionally, the positionality of the researchers in the Carlone et al. study is
similar to the researcher in the current proposed study. The authors were all involved in
the program as either instructors or researchers. While this could have posed a problem
due to Carlone et al.’s positions of power within the program, Carlone et al. developed
their methodology to minimize this potential bias. The current proposed study will follow
a strict methodology in gathering data through multiple forms, including a survey and

focus groups, to minimize the researcher’s bias.

Personal Specific STEM Interest

A personal specific STEM interest is a well-developed personal interest, as
defined by Hidi and Renninger, in a particular STEM area (Hidi & Renninger, 2006).
While interest development is one of the areas added by Kim et al. to the STEM identity
model, many studies have suggested interest development has a significant impact on the
persistence of females in STEM (Adams et al., 2014; Baram-Tsabari & Yarden, 2008;
Papadimitriou, 2004; Stringer et al., 2020; Vincent-Ruz & Schunn, 2018). According to
Jansen, Ludtke, and Schroeders (2016), interest and achievement are more strongly
correlated in the physical sciences than in the life sciences. Therefore, there is a strong

need to develop specific interests in the physical sciences and engineering. Studies have
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suggested interest in STEM fields, in females especially, tends to decline during the high
school years mainly due to the lack of opportunities to explore a variety of areas of
STEM (Baram-Tsabari & Yarden, 2008; Papadimitriou, 2004; Sahin et al., 2015; Stringer
et al., 2020). In the previously discussed study, Vincent-Ruz and Schunn (2018) went as
far as to suggest that interest is the primary motivation to build a STEM identity.

The question that arises is how to develop STEM interests. Many studies have
suggested exposure to STEM topics as the primary tool to build interest (Baram-Tsabari
& Yarden, 2008; Blank et al., 2016; Papadimitriou, 2004; Sahin, 2013; Sahin et al.,
2015). However, Cooper and Heaverlo (2013) approached STEM interest differently.
Cooper and Heaverlo explored how interest in particular areas of STEM is correlated to
interest and confidence in problem-solving and design. The researchers administered a
47-item survey to middle school and high school females attending an engineering
conference, therefore showing some interest in STEM. The independent variables used
were age, interest in problem-solving, and confidence in problem-solving. Interest and
confidence in problem-solving were both measured using a Likert-type scale. The
dependent variables of interest in science, math, computer science, and engineering were
also measured on a Likert-type scale.

Cooper and Heaverlo used a paired samples #-test to show interest and confidence
were separate constructs. Females reported feeling more confident than interested in
problem solving, #967) =2.67, p = 0.008. However, when asked about creativity and
design, the females reported more interest than confidence in creativity and design, #963)
=9.86, p <0.001. These results support the model of STEM identity developed by

Carlone and Johnson (2007) and then expanded by Kim et al. (2018). Specifically, the
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confidence construct would be grouped in the competence category in the model, while
interest is in a separate category. In the current study, I will ask questions to explore each
category of STEM identity. Cooper and Heaverlo’s findings support why I needed to ask
separate questions to explore confidence and interest in STEM perceptions.

Cooper and Heaverlo performed four regression models finding that only interest
in problem-solving had statistically significant predictions of interest in science,
engineering, computer science, and math in all four models. Interest in creativity and
design had some statistically significant relationships, but those relationships were
negative for science and math. For engineering and computer science, the relationships
were positive but with varying levels of statistical significance between p < 0.05 and p <
0.001. Confidence in problem-solving or creativity and design did not show statistical
significance in any models. These findings support the model in the current study, where
I will explore interest in different areas of STEM separately, acknowledging that STEM
interest is not a single construct. The present proposed study will also focus on interest
and use confidence only within the full STEM identity model.

Additionally, Cooper and Heaverlo’s findings support the idea that females need
activities that help them foster interest in problem-solving through STEM. Most females
in the study chose extracurricular activities designed with problem-solving in mind.
Although Science Olympiad was not directly mentioned in Cooper and Heaverlo’s study,
many events are designed to develop problem-solving skills (Science Olympiad, Inc,
2020b). While developing problem-solving skills, students can also develop personal

specific STEM interest.
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Extra-Curricular STEM Activities

School science classes do not significantly influence females developing specific
STEM interests or STEM identities (Krogh & Andersen, 2013). However, Kim et al.
(2018) point out that the middle school and high school years are pivotal in developing
personal specific STEM interest and STEM identity. According to Kim et al., if students
are not thinking about a STEM major or STEM career in middle and high school, the
opportunity to enter and then stay in the STEM pipeline has usually passed. Therefore
during middle and high school, extracurricular STEM activities are imperative for
developing personal specific STEM interest and STEM identity (A. M. Steegh et al.,
2019; Wade-Jaimes et al., 2019).

Stringer, Mace, Clark, and Donahue (2020) used a quasi-experimental design to
explore who was participating in extracurricular activities and the effect on STEM
identity in a group of middle school youth over a school year. The study used a pretest-
posttest design, administering a survey at the beginning and end of the school year to
measure science motivation, STEM college confidence, and STEM career identity. While
science motivation is important, STEM college confidence and STEM career identity are
the two measures that apply to this proposed study the most. STEM college confidence
was measured using questions that asked students about their beliefs that they could study
a STEM subject in college. STEM career identity was measured using several questions
related to how the participants viewed themselves compared to a STEM version of
themselves. Even though these questions were used in a quantitative study, similar
questions will be used in the current proposed study to start the qualitative exploration of

what contributes to the participants’ views of themselves regarding STEM.
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Stringer et al. (2020) found that involvement in STEM extracurricular programs
was statistically significant for females but not for males for STEM career identity.
Additionally, the difference in pre-and post-test scores for STEM career identity had a
slight increase for those in STEM extracurricular activities and a decrease for the
participants who were not in STEM extracurricular activities.

While Stringer et al. showed the positive influence extracurricular STEM
programs have on females’ STEM identity, there are several challenges with the study.
First, the sample size that participated in STEM extracurricular programs during the year
was small. Only about ten percent of the entire sample participated in STEM
extracurricular programs. Additionally, this small group was divided into three different
programs with different gender ratios: Math Counts with 24%, Science Olympiad with
49%, and Girls in STEM with 100%. The study did not disaggregate the data for the
individual programs. The current proposed study will focus on Science Olympiad, which
had close to equal numbers of genders as a coed program in the Stringer et al. study.

Another challenge this study had was two-fold, length of participation and age of
the participants. The participants were in middle school. While middle school is a crucial
time for STEM identity growth, this is also a time where students are exploring and
developing their interests in different areas. So students are often not wholly committed
to a program, which can limit the program’s effects (Kim et al., 2018). Additionally, the
study only looked at one year of participation. According to Carlone (2012), STEM
identity develops over time, and one activity, even over a year, does not typically show a

significant change in STEM identity.
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Adams, Gupta, and Cotumaccio (2014) studied a museum program in New York
City with long-term engagement. Participants apply to the program as sixth graders and
participate through the end of high school. The program meets for three weeks each
summer and then continues with about 15 Saturday or after-school sessions throughout
the school year. The program has a significant financial aid program to make it accessible
to most residents (American Museum of Natural History, 2022). Adams et al. conducted
a focus group with eight female alumni of the program and then conducted follow-up
interviews to clarify any data collected in the focus group. The researchers found that
long term involvement in the STEM program had four key benefits:

A collective identity was established.

A sense of belonging to a physical space was established.
Exposure to many topics and careers in STEM was embraced.
Transference of the learning and sense of community to college.

The emergence of these four themes from a long-term extracurricular STEM program
demonstrates the importance of female participation in STEM programs that embody
characteristics that build these themes into the program.

The current proposed study will be exploring a program that also tends to have
long-term participation. However, the main difference between the museum program and
Science Olympiad is the school involvement. In the Adams et al. study, the program was
funded by and took place at a museum, while the current study focused on Science
Olympiad, a school-based program that receives some of its funding from the school
itself. Additionally, the present study participation is coed, as is the museum program in
the Adams et al. study. Previous work has pointed to the importance of coed programs in
developing strong STEM identities in females and building collaborative skills between

genders in STEM culture (Kim et al., 2018). In light of the similarities of the programs in
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the Adams et al. and the current study, the current study design included focus groups.
The Adams et al. study design showed how the sharing in the focus groups helps the
participants who already had a previous relationship build off each other’s points to paint
a complete picture of the program’s influence on the females’ STEM identity

development.

Science Competition

While participation in extracurricular programs, in general, has been shown to
affect STEM identity for females positively, not all programs contain a competitive
element. Since the general perception of STEM includes a highly competitive nature
(Carlone & Johnson, 2007a; Riegle-Crumb, 2017; C. A. Shapiro & Sax, 2011), the
inclusion of a competitive element in activities aiming to increase female participation in
STEM may be necessary. According to Carlone and Johnson (2007) and Kim et al.
(2018) models of STEM identity, recognition is an integral part of STEM identity.
Competitions are one of the activities that can build the recognition aspect of STEM
identity. According to Carlone and Johnson, recognition does not necessarily mean
winning awards because there are multiple ways to give recognition.

However, according to several studies, females are not as inclined to compete as
males are (Buser et al., 2014; Kleinjans, 2009). Additionally, due to the competitive
nature and low representation in many STEM fields, females feel they must do more and
be more than their male counterparts, and therefore females may need a stronger sense of
competitiveness to stay in the STEM pipeline (Archer et al., 2017; Riegle-Crumb, 2017).

Riegle-Crumb et al. (2019) explored the relationship between perceptions of

competitiveness and expectations of majoring in a STEM field in post-secondary studies.
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The sample of 633 students was enrolled in an interdisciplinary elective STEM course at
21 public high schools. While their sample consisted of students who had already shown
some inclination toward STEM and did not have high generalizability, it represents
students in the STEM pipeline and at risk to exit said pipeline. Additionally, the sample
represents the typically disproportionate number of males in an elective STEM program,
with only 33% of the sample being female. The researchers collected data through a
survey administered at the end of the school year by the classroom teachers. The
independent variable was perceptions of competitiveness measured with eight questions
using a Likert-type scale then compiled to make a single measure. The data showed a
statistically significant difference in self-reported competitiveness favoring males over
females.

Riegle-Crumb et al. performed two-tailed #-tests between gender and each STEM
field. The expectation of majoring in various STEM fields was the dependent variable.
The authors grouped STEM fields into four major areas: Biological Sciences, Physical
Sciences, Engineering, and Computer Science. All #-tests showed statistical significance.
Biological Sciences had more females intending to major in it than males. In contrast,
Physical Sciences, Engineering, and Computer Science all had significantly fewer
females than males intending to major. Data collected in this study showed similar trends
in gender and expected STEM field majors, as seen in the National Science Foundation
2019 data set where occupations and degrees were measured (Women, Minorities, and
Persons with Disabilities in Science and Engineering: 2021 | NSF - National Science

Foundation, 2021).
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Riegle-Crumb et al. also performed a multiple linear regression with several
control variables to measure perceptions of competitiveness with an expectation of
majoring in each STEM field. The control variables were race/ethnicity, grade level, and
several math measures. Riegle-Crumb et al. found when perceptions of competitiveness
were added to the model, the gender coefficients had a statistically significant reduction
in both Physical Sciences and Engineering but not in Biological Sciences. In addition,
Riegle-Crumb et al. tested for interactions between gender and perceptions of
competitiveness in each of the STEM fields. A statistically significant interaction was
detected in Computer Science. While males’ perception of competitiveness did show a
statistically significant influence on major expectations, there was a statistically
significant influence for females.

While Riegle-Crumb et al. found the competition aspect of STEM a significant
challenge in keeping females in the STEM pipeline, Vineyard and Abernathy (2001)
explored the experiences females had in STEM competitions, including both Science
Fairs and Science Olympiad. Vineyard and Abernathy (2001) surveyed 943 students who
participated in Science Fair or Science Olympiad with questions that explored the
rewards students received for participating. In this study, Science Olympiad participation
for high school students was male favored, with 63.6% of participants being male.
Additionally, students participating in Science Olympiad reported spending more time
with teachers or other coaches than parents in preparation for the competition than in the
other STEM activities in the study. With the additional time spent with teachers and
coaches, the students in Science Olympiad had more exposure to different role models

than in the other programs. Vineyard and Abernathy found females’ most significant
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rewards in STEM competitions were not the awards earned at the competition. Instead,
females enjoyed working collaboratively with other students and mentors or coaches and
learning new applications of STEM topics.

McGee-Brown (2003) conducted a three-year longitudinal study of multiple
Science Olympiad programs to explore the use and impact of Science Olympiad on
STEM-minded students. McGee-Brown used surveys to collect open-ended responses
about student experiences in Science Olympiad over the three years. McGee-Brown
reported more students indicated the focus on collaboration, problem-solving, and
creativity were the most important aspects of Science Olympiad. As in Vineyard and
Abernathy’s study, McGee-Brown also found the competition aspect of Science
Olympiad was not the main focus of the participants. McGee-Brown found Science
Olympiad had two significant social impacts on students. First, participants reported an
increase in seeing both genders as competent in STEM fields, supported by the findings
of Kim et al. that effective coed STEM programs teach males to be allies for females in
the STEM fields. Additionally, the participants reported differences in levels of
competence and understanding provided different and valid perspectives on problem-
solving. The second social impact was the increase in collaboration skills. These impacts
relate to increases in recognition, an essential component of STEM identity.

Riegle-Crumb et al.’s findings that competition aversion has a significant effect
on females planning to continue through the STEM pipeline toward physical sciences,
engineering, and computer science shows the need to have places where females can
experience competition in a low-stakes, safe environment. According to Vineyard and

Abernathy (2001) and McGee-Brown (2003), Science Olympiad provides a possible
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experience where students can experience the elements of competition encased in a
program based on other more favorable aspects of STEM for females. In the Science
Olympiad program of this proposed case study, more females are involved in the physical
sciences, engineering, and computer science than is typically seen in STEM programs.
This study explored what this Science Olympiad program does to help females develop

their personal specific STEM interest and STEM identity while in a competition arena.

Conclusion

The literature review highlights the importance of studying specific
extracurricular programs that are helping females develop their STEM identity and
continue in the STEM pipeline. As an ill-defined construct, researchers will consistently
need to explore STEM identity in multiple situations to increase understanding (Carlone,
2012). According to Carlone, when focusing on STEM identity development, the
questions must be people-focused and not necessarily focused on the program structures
and outside influences. These should be examined through the perceptions of the
individuals and how they have interacted with the program and other influences.
Additionally, Adams et al.’s (2014) examination of long-term engagement in a specific
STEM program showed more effect on STEM identity development than programs over
a shorter time frame, such as Stringer et al. (2020). Therefore, the current proposed study
will be using participants with a long history in the Science Olympiad program. Lastly,
Riegle-Crumb et al.’s (2019) work with competition and females in STEM has
highlighted one of the main challenges in some of the areas of STEM, the competitive
nature of the field. While Science Olympiad is a STEM competition, Abernathy and

Vineyard (2001) and McGee-Brown (2003) both suggested that the nature of Science
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Olympiad as a collaborative, team environment may lessen the aversion to competition
and lead to the development of STEM identity for females. Additionally, the work in
Science Olympiad is often identity boundary work. It can help females discover new and
intriguing areas of STEM and build the foundation to develop a personal specific STEM
interest. Therefore the study of a Bay Area High School’s Science Olympiad program
will add to the body of literature surrounding extracurricular activities that assist in

developing STEM identity.
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CHAPTER III:
METHODOLOGY
The gender gap in STEM fields is well documented through national and global
data (Committee on Increasing the Number of Women in Science, Technology,
Engineering, Mathematics, and Medicine (STEMM) et al., 2020; OECD, 2019; Women,
Minorities, and Persons with Disabilities in Science and Engineering: 2021 | NSF -
National Science Foundation, 2021). While there are many causes attributed to this
gender gap, the development of STEM identity has been suggested as a critical influence
on females staying in the STEM pipeline (Carlone, 2012; Carlone & Johnson, 2007a;
Committee on Increasing the Number of Women in Science, Technology, Engineering,
Mathematics, and Medicine (STEMM) et al., 2020; Kim et al., 2018). This study
explored how long-term involvement in a Bay Area High School’s Science Olympiad
program affects females’ STEM identity, including their personal specific STEM
interests. The research questions addressed were:
1. How does participation in a Bay Area High School Science Olympiad program
influence the STEM identity of female students and alumnae?
2. How does participation in a Bay Area High School Science Olympiad program
contribute to female students and alumnae maintaining and growing a personal

specific STEM interest?



75

3. What features of Science Olympiad encourage active, long-term participation in
Science Olympiad for female members? What features hinder participation?
4. What are Bay Area High School Science Olympiad female students and alumnae

perceptions of who belongs in STEM fields?

Research Design

A case study analysis was used in the investigation of how a Bay Area high
school Science Olympiad program helped females develop a STEM identity and personal
specific STEM interest. According to Merriam and Tisdell (2016), case studies are most
valuable when a studied system has distinct boundaries. There are two distinct boundaries
within the questions to be investigated: a specific school and a specific organization
within that school. Within these two boundaries, data was collected. In addition, the
research questions were focused on how this school and organization influenced females’
STEM identity, which are the types of questions that lend themselves to a case study
methodology (Yin, 2018). Sometimes case studies are used to delve into a situation
where the phenomenon is not being observed to investigate what is happening to prevent
the development of specific characteristics. Other times, a case study can be used to
investigate how a phenomenon is coming to fruition. Investigations of particular
instances that show a phenomenon, such as high female involvement in co-ed STEM
programs, fit case study methodology well (Yin, 2018).

The current study employed survey, interview, and focus group methods. The
survey was used to identify a purposeful sample of females to be interviewed and

participate in a focus group discussion. Survey data was collected over five days.
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Interviews followed over the following four weeks, with a focus group discussion

occurring two weeks after the survey closed. The total length of the study was six weeks.

Context & Setting

The study was conducted at a large, public comprehensive high school located in
the San Francisco Bay area. While there are two alternative high school pathways in the
district, the school in the study is the only comprehensive high school in the single
unified school district that serves the city. Ten elementary schools feed into two middle
schools, which feed into the comprehensive high school. The total enrollment is 3058
students with 150 certificated staff (including eight counselors), 50 classified staff, and
six administrators. The student body is predominantly Asian at 51.0%. The Filipino
population, 18.5%, is not grouped with the Asian subgroup. The Latino population is
19.5%, and the African American population is 1.8%. White students comprise 3.8%,
with other groups comprising the remaining population. The school has an English
Language Learner population of 14.4%, and 31.8% of the student body is on free or
reduced lunch (CA Department of Education, 2019).

Approximately 80 different clubs and organizations for student participation exist
at the Bay Area High School with various foci. Science Olympiad is one of these school
organizations. Science Olympiad is also part of a national network. Science Olympiad
consists of approximately 100 participants each year, of which at least half are females.
Some years, the Science Olympiad group is 80 students, while there are upwards of 140
students in other years. While not all students who participate in Science Olympiad are
engaged at the same level and duration, the females that were invited to participate in this

study have high and long-term engagement.
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In addition to the high school Science Olympiad program, the two middle schools
that feed into the high school have programs supported by the high school program.
Additionally, the high school program hosts an elementary-level competition where many
feeder elementary schools participate. Due to the feeder programs, some students begin
their participation in Science Olympiad as early as fifth or sixth grade.

At the Bay Area High School, the Science Olympiad program is student-run with
the support and guidance of three teachers in the science department who serve as the
coaches. Each spring, the current captains of the team choose the captains for the
following year. Next year’s captains are selected through applications, interviews, and
coaches’ consultation. In the fall, veteran members head a recruitment campaign through
student presentations in science classes, posters and fliers distributed around the school,
and participate in the school club fair. The 2021-22 recruitment poster is shown in
Appendix E. The captains share the current year’s slate of events, grouped into four or
five categories based on the most probable schedule at competitions, with prospective
team members. The prospective team members rank the events in each category based on
their interest. The captains then make event groups based on student preferences, the
number of requests for each event, and team needs. Therefore, there are times students
are asked to participate in events that were not one of their choices.

Students then arrange four-hour Saturday practices where the group comes
together to learn about each of the events for the current year. Veteran team members,
who have applied, are selected by the captains in consultation with the coaches as event
leaders. Event leaders prepare lessons to teach the other students about the event during

these Saturday sessions and help them begin to prepare to compete. Competitions happen
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throughout the winter and conclude with the regional competition in March. If a team
qualifies, the State competition happens in April and the National competition in May.
The captains organize teams of 15 for individual competitions while consulting with the
coaches. While more opportunities to compete are generally given to the most active
students who demonstrate the desire to grow, all students who participate in the Saturday
practices are invited to compete in at least one competition. Students gather after school
and on weekends to work with their teammates in intense preparation for individual
competitions during the competition season. These intense preparation sessions are
referred to as cram weeks and late days by the students. These cram weeks and late days
occur afterschool in the coaches’ classrooms and can last until eight or nine pm. Cram
weeks are unstructured time for the team members to work together in final preparation
for the upcoming competitions. Typically cram weeks run for two weeks before a
competition with the latest sessions occurring the Wednesday, Thursday, and Friday
before a competition.

Competitions generally occur on Saturdays at different high school, college, and
university campuses. Dependent on the location of the competition, the day can start as
early as 4:45 am and last until 10 pm. If the competition is within a two- or three-hour
drive of the school, the students and coaches meet at the school and load all of their
equipment needed for competition. Equipment needed for a competition includes their
supplies for each event, which can include lab kits, goggles, lab aprons, devices that have
been constructed, binders that have been compiled, etc. Additionally, folding tables,
camp chairs, canopies, and food for breakfast and lunch are brought for the team to set up

“grand central,” an area where the team gathers in between events. If the competition is



79

an hour or more away and multiple teams are traveling, charter buses are typically
secured. After the bus is loaded, the team travels to the competition. Upon arrival, team
members, with the help of the coaches and a few parents that have accompanied the team,
set up grand central. One of the coaches goes to check in the teams and the event or
events that the team is in charge of running. Team members gather for last minute
announcements and reminders. The captains run most of this time with the assistance and
reminders from the coaches. The individual events usually begin by 8:30 am and continue
until about 3:30 pm. During the event time, students go to the individual events at their
scheduled times. Meanwhile, the coaches are often judging and running specific events
they have been asked to run. After the events have concluded and the team is waiting for
the events to be scored, the team breaks down grand central and loads the bus with all of
their supplies. Once the scores are in, an awards ceremony takes place where the top
partnerships in each event are awarded medals. Each event contributes to a team score
and the top overall teams earn trophies. The team then travels back to the school on the
bus, often with a stop for dinner. When the team arrives back to the school, all the team
members help put away the equipment from travel and go home. Often times this is as
late as 10 pm. If the competition is in a location more than three hours from the school,

the team typically will stay overnight close to the competition location.

Participants
The participants for the study was a purposeful sample. Current female students
and alumnae of the Science Olympiad program from the Bay Area high school were
selected to participate in the study through survey responses. Current students in the

Science Olympiad program had just completed grades 9-12. The alumnae participants
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were in college between their freshman and senior years or had graduated and begun their
professional careers or were attending graduate school.

The ten interview participants were selected from the survey respondents using
the following criteria. First, interview participants identified as female. Secondly,
participants had at least two years of participation in Science Olympiad, including
elementary and middle school. Next, the participants selected for interviews had
descriptions of a STEM person that showed at least three different characteristics.
Additionally, the sample had a variety of perceptions of themselves concerning STEM
based on the PIO circle graphic used in the survey. Participants were selected who
demonstrate a range of responses on the instruments. The responses ranged from strong
STEM identity (G) to weaker STEM identity (A). Lastly, five of the interviewees were
alumni and five of the interviewees were students. Introductions to each participant
follow the focus group description. Following the introductions, Table 1 contains
demographic profiles and Table 2 contains STEM profiles of the interview participants.

The focus group participants were selected based on survey results. The focus
group (n =9) was comprised of both alumni (n = 5) and current students (n = 4). Focus
group participants identified as female. Additionally, focus group participants had
participated in Science Olympiad for at least three years. Focus group participants’
selected demonstrated a strong STEM identity according to the responses on the
instruments, selecting PIO circles E-G. Additionally, focus group participants did not
select “competing against other students” as one of their top three rewards for
participating in Science Olympiad. This selection criteria was used because part of the

focus group discussion was about how the participants deal with the competition part of
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Science Olympiad. In Riegle-Crumb (2019), females were seen to not be drawn to STEM
fields that were highly competitive. While Science Olympiad is a competition based
extracurricular program, the number of females that have participated is greater than the
norm (Science Olympiad, Inc, 2020a). Two participants, a student and an alumnus, were
selected for both the interview and focus group. All other participants were only
interviewed or participated in the focus group. When the participants were being selected
from the survey responses, I looked at the selection criteria for individual interview
participants separately from the focus group participants without eliminating those that
had been selected for the other participant group. Additionally, in order to have
individual interview participants with higher STEM identities, I had to include some of
those that were selected for the focus group. Following the participant introductions
below, Table 3 contains demographic profiles and Table 4 contains STEM profiles of the
focus group participants.
Participant Introductions

Abigail (current student and focus group participant) is a twelfth grader who has
participated in Science Olympiad since eighth grade. Fossils, Ping Pong Parachute,
Geologic Mapping, Rocks and Minerals, and Dynamic Planet are Abigail’s favorite
events. When Abigail moved in eighth grade, Science Olympiad is where she felt that she
found friends. That continued in high school. During the COVID-19 pandemic, Science
Olympiad was Abigail’s social outlet. Abigail spends her free time drawing. She loves to
draw and explained that she sees architecture (her intended college major) as the perfect

mix of STEM and art.
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Alice (alumna and interview participant) is a recent college graduate with a major
in Animal Science. Alice participated in Science Olympiad for three years in high school
and then continued to participate in college as an event supervisor. Alice’s older sister
also participated in Science Olympiad in high school. Alice listed Ornithology, Materials
Science, Forensics, and Fossils as her favorite events.

Camila (alumna and focus group participant) is a college graduate who
participated in Science Olympiad throughout her high school experience. Rocks and
Minerals, Material Science, Wright Stuff, Mission Possible, and Protein Modeling are
Camila’s favorite events. Post high school she helped run competitions as event assistants
and supervisors. Camila is a software engineer and sees her time in Science Olympiad as
a time that she was able to explore and experience other areas of STEM. Her family all
work in STEM fields.

Claire (current student and interview participant) is a twelfth grader who
participated in Science Olympiad on and off through middle school and high school until
her eleventh-grade year when she became highly involved in Science Olympiad. Claire
intends to major in Public Health in college and attributes finding her major to Science
Olympiad. She listed Disease Detectives, Anatomy and Physiology, Write Stuff, Green
Generation, and Dynamic Planet as her favorite events. Disease Detectives is the event
she credits with helping her find her college major. Claire’s parents both work in STEM
fields but her older siblings are majoring in business.

Elizabeth (alumna and focus group participant) is in her third year of college
majoring in Microbiology, Immunology, and Molecular Genetics. She participated in

Science Olympiad throughout high school. Elizabeth’s favorite events are Green
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Generation/Ecology, Designer Genes, Microbe Mission, and Chem Lab. Her older sister,
a medical doctor, also participated in Science Olympiad during high school. When
Elizabeth’s father passed in high school, Elizabeth expressed that Science Olympiad was
a comfort for her and she found the support she needed there.

Emily (alumna and focus group participant) is in her first year of college and
participated in Science Olympiad since eighth grade and has continued to work at
competitions in college. Codebusters, Thermodynamics, Write It Do It, Wright Stuff, and
Experimental Design are Emily’s favorite events. Emily started in the Robotics club and
a little bit of Science Olympiad, but then felt a stronger connection to Science Olympiad
and became more involved. Emily’s family does not work in STEM fields. Emily’s
college major is materials science and engineering.

Emma (current student and focus group participant) is a twelfth grader who
participated in Science Olympiad since eighth grade. Emma listed Experimental Design,
Balsa Events (bridges, towers, and boomilever), and Codebusters as her favorite events.
Emma has been interested in constructing things throughout Science Olympiad. She
developed her structures by studying theories and then applying those theories and
making needed adjustments. Both of Emma’s parents work in the STEM field.

Leah (current student and interview participant) is a ninth grader who started
Science Olympiad in sixth grade. Leah’s favorite events are Anatomy and Physiology
and Write It Do It. Leah explained her family is a STEM family. Most of the family
conversations center around STEM topics so she feels she has been exposed and pushed

toward STEM her entire life.
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Lily (alumna and focus group and interview participant) is in her first year of
college and participated in Science Olympiad since eighth grade. Lily listed Forensics
and Food Science as her favorite events. Lily comes from an immigrant family. While her
family worked in STEM fields in Vietnam, they do not now. Lily is majoring in applied
mathematics in college and is planning to teach mathematics. Lily stated that she loved
the hands-on events where she could apply principles to different laboratory situations.

Madison (alumna and focus group participant) is a college graduate who is now
a chemistry teacher and Science Olympiad coach. She participated in Science Olympiad
throughout high school and was also involved in Student Government as a class officer.
Madison’s younger sister also participated in Science Olympiad. Madison’s favorite
events are Forensics, Write It Do It, and Ping Pong Parachute.

Maria (current student and focus group and interview participant) is a tenth
grader who has been in Science Olympiad since sixth grade. Maria’s favorite events are
Write It Do It, Codebusters, Cell Biology, Designer Genes, and Experimental Design.
Maria enjoys running and is involved in student government. Maria is an only child
whose father passed away unexpectedly when she was a baby. Her mother, a software
engineer, has shown her how education and determination make her a strong female.
Maria is not sure what she would like to do when she grows up but is exploring law and
STEM connections.

Naomi (alumna and interview participant) is in her second year of college
majoring in business. Naomi listed Ornithology, Herpetology, Water Quality, and

Microbe Mission as her favorite events. While her family sees her as more of a STEM
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person, she expressed that she did not see herself as a STEM person because she does not
learn STEM topics quickly and easily.

Natalie (alumna and interview participant) is a college graduate and well
established in her career as an accountant. Natalie participated in Science Olympiad all
through high school when the studied team was in its infancy. Natalie was one of the
members of the team that first qualified for the state competition. While Natalie listed
Mousetrap Vehicle and Bridges as her favorite events, she explained that those were two
that she really remembered. Natalie attributes Science Olympiad for teaching her how to
learn and explore independently.

Olivia (current student and interview participant) is a tenth grader who has
participated in Science Olympiad since seventh grade. Olivia listed Ornithology, Write It
Do It, Forensics, and Thermodynamics as her favorite events. Her parents are divorced.
She lives with her mother who is a history teacher, and she has a strained relationship
with her father who is an engineer who works in the tech industry. She does not consider
herself a STEM person, but does well in all her STEM courses and thoroughly enjoys
participating in Science Olympiad. Olivia is a published author of a young adult fantasy
novel and loves writing.

Sophia (current student and focus group participant) is a twelfth grader who has
been in Science Olympiad since tenth grade. Sophia’s favorite events are Disease
Detectives, Protein Modeling, Anatomy and Physiology, Green Generation, and Chem
Lab. Sophia extended herself from her typical peer group to join Science Olympiad and
found a second group of friends. She expressed that she never felt torn between the two

groups, but saw how she could have interests in multiple areas. During her twelfth-grade
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year, Sophia was asked to have a more prevalent role in her home taking care of her
younger siblings while her parents dealt with illnesses of her grandparents. Sophia
specialized in the biology events and her intended college major is Molecular and Cell
Biology.

Victoria (current student and interview participant) is a tenth grader and has
participated in Science Olympiad since sixth grade. Victoria’s favorite events are Rocks
and Minerals, Fossils, Thermodynamics, It’s About Time, and Codebusters. Victoria
plans to major in geological sciences and finds minerals fascinating. Her parents both
work in STEM fields. Victoria sees being part of a team as one of her highest rewards of
being in Science Olympiad.

Violet (alumna and interview participant) is a college graduate beginning a
doctorate program in microbiology. Violet participated in Science Olympiad throughout
high school like her older brother. In middle school Violet was adamantly opposed to
doing Science Olympiad but then found she loved it when she tried it out. Violet listed
Microbe Mission, Mission Possible, Write It Do It, Disease Detectives, and Wind Power
as her favorite events. Violet explained that Microbe Mission and a summer program is

how she has found her career path.

Protection of Human Subjects
Data was gathered in compliance with APA guidelines for research. Permission
was obtained from the superintendent and the principal at the time of the study to conduct
the study at the Bay Area High School. Letters from the superintendent and principal are
found in Appendix F. In addition, an application was submitted and approved by the

University of San Francisco’s IRB before subjects were recruited. Before starting data
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collection, all participants had consent forms signed and on file. For high school students,
the parents signed consents for their child to participate. The consent forms are found in
Appendix G. Each subject’s identity was kept confidential by using pseudonyms. Data

was stored on a hard drive and backed up to a cloud-based server to maintain security.
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Name Grade Yearsin Ethnicity  Parent Parent STEM Older Sibling College Major
Level Science Education Field (Field of Study) (Intended/ Declared)
Olympiad Profession
Current Students

Olivia ~ 10™ 4 White Master’s  N/A No N/A
grade

Victoria 10™ 4 Indian Master’s Software No N/A
grade Engineer, Data

Analyst

Maria*  10% 4 Indian Master’s Software No N/A
grade Engineer

Claire 12t 2 Indian Bachelor’s  Computer Yes (Accounting Public Health
Grade Science, Nurse and Global Studies)

Leah 9'h grade 2 Indian Master’s Engineer No N/A

Alumnae

Lily* 1% year 5 Vietnamese Some N/A No Applied Mathematics
of college College

Naomi 2™ year 4 Chinese Some N/A Yes (Marketing and Business
of college College Accounting)

Natalie  College 4 Chinese Bachelor’s N/A No Accounting and
graduate Information Systems

Alice College 6 Chinese Vocational Accountant Yes (Chemistry) Animal Science
graduate Training

Violet  Graduate 4 Vietnamese Bachelor’s Software Yes (Mechanical Microbiology
student Engineering Engineering)

* Participated in both focus group and interview.
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Name

STEM
Circle

Top S Rewards

Lowest 5 Rewards

STEM Person Definition

Current Students

Olivia

Victoria

Maria*

C

F

e Fun

e part of a team

e work with partners
e work with coaches
e work with a team

e fun

e learn new things

e part of a team

e learning scientific
process

e prepare for future

e prepare for future

e learn new things

e part of a team

e fun

e work with partners

¢ win medals

e name in paper

e please parents

e please teachers

e meet students at
other schools

e please teachers

e please parents

e name in paper

¢ meet student at
other schools

e compete

e please teachers

e day at university

e please parents

e meet students at
other schools

e name in paper

Someone who's willing to experiment to find the workings of our
world, and who wants to explore the sciences.

A STEM person would probably be someone who is interested in
the STEM subjects and is good at doing whatever subject they're
interested in. Someone who spends a dedicated amount of time
each day to pursuing said STEM topics, such as participating in
the STEM based competitions, clubs, and events in and outside of
school.

A STEM person to me is someone who associates with any field
even mildly related to the topics in STEM (science, technology,
engineering, math). I think a STEM person can be someone who
is multifaceted, but their job involves STEM in some way. For
instance, a navy officer who works on military technology, a
musician who works with sound engineering, a STEM subject
related teacher, etc. A STEM person is most likely a humanitarian
who wishes to use his or her skills to improve the world around
them and help others. However, a STEM person may also simply
be someone who wants to earn a good amount of money and has
skills in the department or is willing to learn whatever skills are
necessary.



Claire

Leah

Alumnae
Lily*

Naomi

Natalie

e learn new things

e fun

¢ make new friends
e part of a team

e work with partners

e look good on
college apps

e prepare for future

e please parents

e make new friends

e work with partners

e part of a team

e fun

e prepare for future
e work with coaches
e work with partners

e part of a team

e fun

e learn new things

e work with friends
e work with partners
e Learn new things
e work with a team
e work with partners

e please parents

e please teachers

e learning scientific
process

e day at university

e meet students at
other schools

e please teachers

e learning scientific
process

e compete

e meet students at
other schools

¢ win medals

e meet students at
other schools

e day at university

e name in paper

e learning the
scientific process

e compete

e day at university

e name in paper

e please teachers

e share ideas

e please parents

e please parents

e please teachers

e day at university
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A STEM person is someone who pursues their scientific interests
while bringing change to the world. To me, they are someone that
utilizes their scientific knowledge and intersects it with other
problems in the world. They love science and remain innately
curious.

I think a STEM person would be smart, analytical, logical, and
driven.

Intense, ambitious in finding opportunities toward STEM related
occupations, sleep-deprived, self-conscious, relates their self-
esteem to achievements, has a calling toward STEM subjects
(whether that be from true interest, or because STEM is the
moneymaker/family pleaser)

Smart, interested in the subjects, willing to pursue, more logical
and calculative thinker, more formal and follows a specific
instructions/schedule (methodical)

¢ someone who majored in or works in the field of math and
science (such as computer science, programming)



Alice

Violet

D

F

e work with coaches
e part of a team

e work with friends
e work with partners
e work with team

e part of a team

e learn new things

e Learn New things
¢ make new friends
e Fun

e prepare for future
e part of a team

¢ make new friends
e name in paper

e name in paper

e please parents

e please teachers

e prepare for future
e share ideas

e Name in paper

e meet students at
other schools

e day at a university

e please parents

e please teachers
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A person in STEM is someone who is part of sciences,
technology, engineering, OR mathematics. Someone can be more
involved in STEM if they're part of all the fields, but a person in
any of the fields can be considered part of STEM. This is the
loosest definition of a "STEM person" to me. Every individual is
different.

A person in STEM is likely typically decent in math, but that does
not necessarily have to be the case. Some people can be really
good at grasping concepts without math. For one, I am not
someone particularly good at math, but I can definitely get behind
the concepts. Equations are good but they don't give the whole
picture at times. I would rather prefer to understand the
phenomenon as a whole.

This isn't to say that STEM people aren't good at liberal arts
either. STEM people can be really eloquent in writing and can
also be good at art. They are 100% creative individuals. Much of
research is done with creativity at heart, finding solutions to
problems that require creativity. It is a stereotype that people in
STEM must suck at liberal arts, which is not true. I do love to do
art and creative writing in my free time!

Someone who is heavily involved in and interested in the
sciences, engineering or mathematics. Thinks like a scientist, is
analytical, curious, wants to learn and understand how the world
works through STEM. Enjoys discovery, solving problems, and
creating and uncovering new knowledge.

Note. STEM circle A shows 0% overlap between “You” and “STEM Person”, B: 5%, C: 20%, D: 40%, E: 60%, F: 80%, G: 100%.
* Participant participated in both focus group and interview.



Table 3. Focus Group Participant Demographic Profiles

Name Grade  Yearsin  Ethnicity Parent Parent STEM Older Sibling College Major
Level Science Education Field Profession (Field of Study)
Olympiad
Current Students
Abigail 12t 5 Taiwanese  Doctorate Computer Yes (History/ Architecture
Engineering Education)
Emma 12t 5 Indian Master’s Microbiology, No Industrial Engineering
Engineer and Operations Research
Maria* 10t 4 Indian Master’s Software No N/A
Engineer
Sophia 12t 3 Chinese Bachelor’s  Engineer No Molecular and Cell
Biology
Alumnae
Camila College 6 Filipino/ Bachelor’s  Software Project  Yes (Software Computer Science
graduate White Manager, Developer)
Systems
Engineer
Elizabeth 3" year 6 Chinese Doctorate Software Yes (Medicine)  Microbiology,
of Engineer Immunology, and
college Molecular Genetics
Emily 1% year 5 Indian Some Marketing, No Materials Science and
of College Accounting Engineering
college
Lily* 1% year 5 Vietnamese Some N/A No Applied Mathematics
of College
college
Madison  College 8 Chinese Vocational ~ Accountant N/A Chemistry
graduate Training

* Participant participated in both focus group and interview.
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Name

STEM Top 5 Rewards
Circle

Lowest 5 Rewards

STEM Person Definition

Current Students
Abigail

Emma

Maria*

E

e learn new things
e part of a team

e fun

e work with a team
¢ make new friends

e prepare for future

e learn new things

e learning the
scientific process

e part of a team

e make new friends

e prepare for future
e learn new things

e part of a team

e fun

e work with partners

e name in paper

e please teachers

e please parents

¢ win medals

e look good on
college apps

e name in paper

e please teachers

e please parents

e look good on
college apps

¢ win medals

e please teachers

e day at university

e please parents

e meet students at
other schools

e name in paper

I do not know if it is because of the number of people I
know that could be considered a STEM person, but I cannot
pinpoint specific characteristics that could describe a STEM
person, other than that they are people who are always
excited to learn more about their favorite STEM subjects. |
guess there is also the stereotype of a STEM person being
more academically inclined and antisocial (nerd
essentially); however, in my opinion, that does not have to
be the case.

A STEM person is someone who is interested in and spends
prolonged periods of time doing science, technology, math
and engineering activities. A STEM person can think from
an analytical point of view and has good problem-solving
skills. This doesn't necessarily mean they can solve
problems very quickly, but rather have the patience and
tenacity to sit and think something through. STEM people
are also curious which pushes them to learn more about the
topics they are interested in.

A STEM person to me is someone who associates with any
field even mildly related to the topics in STEM (science,
technology, engineering, math). I think a STEM person can
be someone who is multifaceted, but their job involves
STEM in some way. For instance, a navy officer who works
on military technology, a musician who works with sound



Sophia

Alumnae
Camila

Elizabeth

G

e learn new things

e work with a team

e learning scientific
process

e prepare for future

e fun

e part of a team

e fun

e learn new things
e share ideas

e work with friends

e learn new things

e make new friends

e prepare for future

e fun

e learning scientific
process

e name in paper

e please parents

e please teachers

¢ meet students at
other schools

e compete

e day at university

e name in paper

e meet students at
other schools

e compete

e please teachers

e please teachers
e day at university
e win medals

e name in paper

e please parents
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engineering, a STEM subject related teacher, etc. A STEM
person is most likely a humanitarian who wishes to use his
or her skills to improve the world around them and help
others. However, a STEM person may also simply be
someone who wants to earn a good amount of money and
has skills in the department or is willing to learn whatever
skills are necessary.

A STEM person is deeply curious, interested in learning
new things that are STEM related, and unafraid to approach
new theories or concepts that may challenge them. A stem
person typically takes many classes related to STEM.

A STEM person is an individual who has a curious mind for
how things work on a lower level. The lower level includes
the specific mechanics and composition of an object or idea.
STEM people are problem-solvers who find satisfaction in
the success of creating something complete or discovering
the inner-workings of something. They are also directly
involved in STEM fields. While one half of the definition of
a STEM person is an inclination for STEM, a STEM person
is primarily defined as someone who studies or works in a
STEM field, regardless of STEM competency.

A STEM person is one who prefers the hard sciences and
hard skills such as programming, math, or chemistry
compared to soft sciences and soft skills such as English,
writing, and language. STEM people also tend to be more
straightforward and to the point, as they rely more on
concrete evidence as opposed to feelings to make decisions.



Emily

Lily*

Madison

G

e learn new things
e part of a team

e share ideas

e work with a team
e fun

e part of a team

e fun

e prepare for future
e work with coaches
e work with partners

e learn new things

e fun

e prepare for future

e part of a team

e learning scientific
process

e day at university

e name in paper

e meet students at
other schools

e please teachers

e please parents

e meet students at
other schools

e day at university

e name in paper

e learning the
scientific process

e compete

e name in paper

e please teachers

e please parents

¢ win medals

e day at university
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A person who thinks logically and is more inclined to be
interested in science and math as opposed to other topics.
They are more interested in the physical world as well as
how things function.

Intense, ambitious in finding opportunities toward STEM
related occupations, sleep-deprived, self-conscious, relates
their self-esteem to achievements, has a calling toward
STEM subjects (whether that be from true interest, or
because STEM is the moneymaker/family pleaser)

Someone who majored in STEM and is currently employed
doing something related to the STEM fields. Someone who
uses critical thinking and analytical skills on the daily.

Note. STEM circle A shows 0% overlap between “You” and “STEM Person”, B: 5%, C: 20%, D: 40%, E: 60%, F: 80%, G: 100%.
* Participant participated in both focus group and interview.
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Instrumentation

Data was collected using three instruments: survey, interview, and focus group

questions.

Survey

An online survey, administered using Qualtrics, was used to compile a purposeful

sample of females to participate in interviews and the focus group. The survey included

questions that addressed the following topics: demographics, perceived recognition,

description of a STEM person, perceived rewards of Science Olympiad, and favorite

Science Olympiad events. Table 5 provides an overview of the research questions, survey

question topics, and sources. The survey questions are found in Appendix H.

Table 5. Overview of Survey topics and Research Questions Addressed

Survey Question Topic/

Sources questions Research Question

Area Addressed adapted or based upon the Data will be
used to address
Demographic information (e.g. # of Abernathy and N/A
years of participation in Science Vineyard, 2001
Olympiad, age, grade, gender)
Perceived recognition from different Stringer, et al. 2020; 1
groups: peers, family, and teachers McDonald, et al. 2019
Description of a STEM person McGee-Brown 2013, 4
Stringer et al. 2020

Rewards students value from Abernathy and 3
participating in Science Olympiad Vineyard, 2001
Favorite Science Olympiad Events N/A 2

As part of the demographic information, a question was included about the length

of time a student participated in Science Olympiad and how they viewed their

participation in the organization. Additionally, the survey contained a question about the
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rewards students valued from participating in Science Olympiad. These questions were
adapted from the study by Abernathy and Vineyard (2001). The rewards question was
adapted to the proposed case study participants’ experience at the competitions. For
instance, Abernathy and Vineyard asked only about spending a day at a university.
However, the competitions the proposed case study participants compete in occur at high
school, community college, and university campuses, so the question was modified to
more accurately reflect the participants experiences.

Both the survey and interview instruments contained questions that referred to
STEM circles. These STEM circles, shown in Figure 7, were adapted from McDonald et
al.’s (2019) STEM PIO-1 graphic. The study used the same seven circles, but “STEM
professional” was substituted with “STEM person” because of the age of the majority of
the participants. McDonald et al. examined the reliability and validity of the STEM PIO-
1 on college students and found good correlations between previously used STEM
identity measures. Previously used STEM identity measures typically employed five or
more questions measured with Likert-type scales and then compiled into one measure

(Stringer et al., 2020; Young et al., 2013).

STEM STEM TEM
PERSON PERSON ERSON PERSON
OU A ouU _~ —
(€) D)
STE TEM
( PE D < PERSON
You. =g

(E) (F) (G)

Figure 7. STEM circles used in survey and interview questions adapted from McDonald

et al.’s STEM PIO (2019).
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For the recognition component of STEM identity, I asked participants three
questions to explore perceived recognition from different groups: peers, family, and
teachers. These three groups are based on the study by Vincent-Ruz and Schunn (2018).
Vincent-Ruz and Schunn (2018) probed about recognition by others using a four-point
Likert scale with high reliability (Cronbach’s alpha = 0.84). In the study, I combined the
work from McDonald et al. (2019) and Vincent-Ruz and Schunn (2018) by asking about
the groups that Vincent-Ruz and Schunn (2018) found to be important to high school
students but using STEM circles based on the graphic of McDonald et al. (2019).

The one component of STEM identity that did not use the STEM circles is the perception
of a STEM person. Asking for a description of a STEM person is aligned with questions
asked of other Science Olympiad participants in McGee-Brown (2003). To measure the
perception of a STEM person, I asked participants to describe a STEM person in the

survey.

Interviews

Similar to Archer et al. (2017), the survey was used to develop a purposeful
sample for interviews (n = 10) and a focus group (n =9). The ten interviews explored
why participants picked specific graphics and gave particular descriptions in the survey.
While participants described a STEM person in the survey, the selected participants were
asked to elaborate and explain their answers in a similar method that Archer et al. (2017)
asked their participants.

The interview continued to explore the other components of STEM identity as
defined by Kim et al. using the STEM circles. First, as previously explained, recognition

by self and different groups are delineated based on Vincent-Ruz and Schunn (2018). 1
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used the same set of graphics to measure the competence and performance components of
STEM identity by altering the instructions to fit each component. McDonald et al. (2019)
found good interrater reliability (o = 0.87) using the same graphics while varying the
instructions to focus on each specific component of STEM identity. Additionally, I used
the same structure to explore the interest component of science identity by relating the
participant’s interest in particular Science Olympiad event topics.

The interview also explored particular attributes of Science Olympiad. I
developed the questions that dealt with specific features of Science Olympiad, consulting
the few studies that have explicitly dealt with features of Science Olympiad and similar
programs, specifically McGee-Brown (2003) and Sahin et al. (2015). Specifically, Sahin
et al. (2015) asked questions that explored the benefits of a specific international Science
Olympiad program. Sahin et al.’s (2015) questions produced high inter-coder reliability
0.85). Table 6 provides an overview of the research questions, interview question topics,

and sources from the literature. The interview questions are in Appendix I.

Focus Group

The focus group was a group of nine participants comprised of both alumni and
current students. I developed the focus group questions based on Adams et al. (2014).
Similar to the participants in the Adams et al. study, the participants in the focus group
have participated in Science Olympiad together. During the focus group conversations
participants shared experiences in response to ideas they heard from others, they
discussed identity boundary work (Carlone et al., 2015) and shared how they developed
interest in particular STEM fields. Lastly, the focus group explored the rewards students

find valuable in participating in Science Olympiad. Building on the questions designed
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Table 6. Overview of Interview topics and Research Questions Addressed

Interview Question Topic/

Sources questions adapted

Research Question

Area Addressed or based upon the Data will be
used to address
Perceived recognition from Stringer, et al. 2020; 1
different groups: peers, family, McDonald, et al. 2019
and teachers
Description of a STEM person McGee-Brown 2013, 4
Stringer, et al. 2020

Perceived competence in STEM McDonald, et al. 2019 1
subjects
Perceived performance in using McDonald, et al. 2019 1
STEM skills
Perceived interest in STEM fields = McDonald, et al. 2019
Rewards students value from Abernathy and Vineyard, 3
participating in Science Olympiad 2001
Favorite Science Olympiad Events N/A 2
Reasons for participating in Sahin, et al. 2015 1,2,3
Science Olympiad
Influence of Science Olympiad on  Sahin, et al. 2015 1,2

future interests/college majors

by Abernathy and Vineyard (2001) and the work by Riegle-Crumb et al. (2019), I

collected data about where the competition aspect of Science Olympiad lies on the

continuum of desired Science Olympiad features. Table 7 provides an overview of the

research questions, focus group question topics, sources. The focus group questions are

found in Appendix J.

Procedures

Data collection occurred over eight weeks. The first stage was the recruitment and

selection of the interview and focus group participants through an online survey

administered through Qualtrics. First, an email was sent to all of the current Science
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Table 7. Overview of Focus Group topics and Research Questions Addressed

Focus Group Question Topic/ Sources questions adapted  Research Question
Area Addressed or based upon the Data will be
used to address
Descriptions of the role of Science ~Adams, et al. 2013 3
Olympiad in their STEM life
Development of STEM interest Carlone, et al. 2015 1,2

from identity boundary work

Influence of the competitive Riegle-Crumb, et al. 2019 3
element in Science Olympiad

Olympiad parents, n = 76, to inform them of the study and ask if they would give consent
for their student to participate. Students were informed through Google Classroom and
other announcements to the team that their parents had received the email so that they
could encourage their parents to respond. Parental consent was obtained through an
online form administered through Qualtrics. Thirty-nine parents completed the parental
consent. After parents had given consent for their student to participate, their student was
sent an email with the online survey link and was asked to complete the survey. The first
part of the online survey was a student assent form. The parental consent and student
assent forms for participation are shown in Appendix G. Students whose parents did not
sign the consent form were removed from the survey distribution. Additionally, a similar
email was sent to all alumni in the Bay Area High School Science Olympiad alumni
group, n = 23, to inform them of the study, invite them to participate in the online
selection survey, and give consent to participate. In addition to the group of alumni that
was registered in the alumni contact list, alumni were asked to reach out to other alumni
to inform them of the study creating some snowball sampling. There were ten additional

respondents to the selection survey that were not in the original alumni database



102

indicating that other alumni that had not been in the original contact group received the
invitation email. The consent form for the alumni is found in Appendix G. The selection
survey was distributed on a Friday and remained open through Wednesday for five days.
On the Monday and Wednesday following the distribution, a reminder email was sent
with the link again. The survey closed on Wednesday night. After the survey closed, |
analyzed the 58 responses to the online survey and selected possible interview and focus
group participants. Invitations were sent out to 19 individuals to participate and schedule
times for interviews and the focus group. Due to scheduling, two of the invited
participants were unable to participate.

The ten interviews were conducted over two weeks. Interviews were conducted
either on Zoom (n = 8) or in my classroom (n = 2), depending on the preference and
location of the interviewee. Each interview was recorded. After the recording, I used
Descript to transcribe the interviews for data analysis. Descript is an online tool for audio
and video editing. One of the many features of Descript makes transcripts of recorded
video and audio files. At the beginning of each interview, I reviewed the consent form.
The interviewee was provided the questions before the interview and had a copy of the
interview questions available for reference during the interview.

The focus group (n = 9) discussion occurred two weeks after the survey closed.
The focus group discussion occurred on Zoom to allow participants who could not easily
travel to the area to participate. The discussion was recorded and transcribed using

Descript for data analysis. The focus group took approximately 100 minutes.
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Data Analysis

The data collected in this study were survey responses, interview transcripts, and
focus group transcripts. The survey data, as previously explained, served as a method of
developing the purposeful sample and providing a starting point for some interview
questions. As described earlier, the survey data was organized by question to select the
sample. The interview transcripts were arranged in two ways using Microsoft Word
(Meyer & Avery, 2009). First, the interview data was organized by the respondent.
Secondly, I organized a duplicate set of interview data by question. For the focus group
data, I organized the data by question using the same process as the interview data.

After organizing the data, I began the coding process described by Saldafia (2021)
using the Atlas.ti program. I used the constant comparative method for data analysis. By
comparing and contrasting the responses of one participant with another, I saw patterns
that provided evidence for each research question. When developing the codes, I used an
inductive coding process, allowing the codes to emerge from the data. Even though the
codes were created as I analyzed the data corpus, the codes reappeared throughout the
data and therefore became deductive as predicted (Saldana, 2021).

The coding process took place in two cycles. The first coding cycle used in vivo,
descriptive, and value coding techniques. In Vivo codes describe data in the participants’
own words (Saldafia, 2021). In Vivo coding allowed the participants’ voices to come
through the data without dilution or interpretation. Descriptive codes describe the topic of
the data, not the content (Saldafia, 2021). Using this coding process allowed me to find
the ideas around STEM identity, personal specific STEM interest, and features of Science

Olympiad that resonated with the participants. During the first cycle of coding, I also
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employed values coding. According to Saldafa (2021), values coding includes attitudes,
beliefs, and values. Since research question four asked explicitly about the attitudes
females in this Science Olympiad program hold about who belongs in STEM, values
coding helped me discover the participants’ attitudes and beliefs about STEM
participation. The code book is found in Appendix K.

The codes were analyzed following the first coding cycle to highlight common
themes throughout the data corpus. This step was followed by a second coding cycle to
synthesize the data into findings (Saldafia, 2021). I used the second cycle coding process
Saldana calls Pattern Coding. Saldana explains pattern coding as a type of meta-coding,
often using metaphors, grouping themes into larger patterns that are hypotheses of how
the data relate (Miles et al., 2020). Saldafia cautions that some patterns will stick while
others will be discarded as the data is analyzed. After establishing the patterns, I took
each research question and looked for what patterns responded to each research question.
A few patterns and codes were discarded as they did not answer a particular research
question. Once the patterns were organized by research question, I developed themes in
response to each research question.

When analyzing research question 1 about the development of STEM identity, I
found eleven patterns that responded to the question. These patterns were then organized
into four themes: (a) space for progression of identity and skill development; (b) Multiple
identities; (¢) Opportunities to express identities construct others’ views of identity; (d)
Rewards are necessary. While the research questions were not analyzed by specific

interview or focus group questions, the data for research question one primarily came
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from the interview questions using the STEM circles outlined in Table 6 and the second
question during the focus group as outlined in Table 7.

Seven patterns were used to answer research question two about specific personal
STEM interest. The seven patterns were distilled into three themes: (a) interest is
emotional; (b) exposure to a variety of topics is critical to fostering interest; and (c)
interest develops over time with increasing levels of exposure. The individual interview
questions about favorite events and how the participants found those events gave rich
data for analysis surrounding personal specific STEM interest. Additionally, explanations
of the participants’ choices in college majors provided more data about interest
development. The focus group discussion around favorite memories and events in
Science Olympiad provided data for personal specific STEM interest development
analysis.

Research question three, that focused on which features of Science Olympiad
encouraged long term participation, was answered using data from individual interviews
and focus groups. The data collected throughout the individual interviews and focus
group was used to answer this question. However, specifically the individual interview
questions about why the participants joined Science Olympiad and then describing how
they dealt with challenges in Science Olympiad provided rich data for research question
three. From the nine patterns that emerged from the data, three themes emerged: (a) the
social component of Science Olympiad is imperative; (b) mentorship opportunities are
crucial; and (c) gender representation is a vital feature of the studied Science Olympiad
team. Additionally, the focus group thoroughly discussed the parts of Science Olympiad

they found to be pivotal in their STEM identity development.
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Research question four, about who the participants saw as a STEM person, was
answered using data from the online selection survey, the individual interviews, and the
focus group. Six patterns were distilled into two themes: (a) STEM people have specific
characteristics, and (b) STEM people major in and have careers with titles in specific
areas of STEM. The online selection survey asked the participants to describe a STEM
person. Additionally, the individual interview participants were explicitly asked to
expand on parts of their answers from the selection survey. Even though the focus group
was not asked directly about the characteristics of a STEM person, the discussion had
several references to characteristics they thought were essential to be a STEM person.

The findings of the study are presented in the following chapter. Those findings

are organized by the themes that emerged in response to each research question.

Position of the Researcher

As I introduce my research, it is imperative that my position with respect to the
research is delineated. As a female in a STEM field, I have arrived at my research topic
not only as an observer but also as a one who has experienced the challenges of entering
a male dominated field.

While in high school I was known as the “science nerd” in my traditional, rural
community. Even though I took the math and science classes and did very well, inside
and outside of school I was not encouraged to pursue these studies. In fact, when I took
physics my senior year, I was one of two females in the class. I remember the challenges
of the attitude from my teacher who made it evident that he believed females did not

belong in the sciences despite the fact that the two females in the class were the highest
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performers. Leaving high school, I had no intention of pursuing anything in STEM. I did
not see how those studies would be beneficial.

In college, I had to take the basic science and math classes for my general
education credits and my Physical Science 100 class changed my attitude and view. It
was my absolute favorite class and started me down the road toward becoming a science
teacher.

Looking back on my road to becoming a science educator, I see how my
stubbornness and wanting to prove people wrong was an asset to getting to where [ am
today. I know the roadblocks that were put in my way. Even though progress in the
STEM fields has been made, there are still roadblocks for females to enter STEM fields,
specifically the physical sciences and engineering.

As a STEM educator at the Bay Area High School where the study was
conducted, I have noticed how the gap for female students in the physical sciences is not
nearly as pronounced as in other locations. I am one of the coaches for the studied
Science Olympiad program. As I have taken our school teams to competitions, I noticed
the composition of the team was different than many. The team had a lot more female
students competing in the physical science and engineering events. For many of the
predominantly male events our team was composed of either half male and half female
students or all female students. And when awards were presented, I would watch our
female students stand up with all the other male students. I always had an immense pride
in their accomplishments, but [ have also asked what is so different about this group?

What role is Science Olympiad playing in this difference?
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To examine these phenomena, my sample came from the students that I interact
with each year in Science Olympiad. One challenge with this group was presumably
these female students were already interested in STEM. However, just because the female
students are interested in science, does not mean they will study STEM in college or go
into STEM careers, as shown by the data collected from the alumnae. The experiences
female students have in a school setting, whether in classes or in extracurricular activities
sponsored by the school, can either support or deter them from their pursuit of a STEM
career.

Data collected was scrutinized, but I also worry that the participants responded in
a way that they thought I would like them to respond because of our existing
relationships. However, at the same time, I also believe that participants were more
willing to open up and share experiences because of the relationship they had with me. I
am a supporter of Science Olympiad and believe it is a program that can give female
students STEM experiences that can strengthen their STEM identity, but as I started my
research, I have been careful to take a step back and looked at the program with a critical

lens.
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CHAPTERV:
FINDINGS
This study explored how long-term participation in a Bay Area high school’s
Science Olympiad program influenced female participants STEM identity and interest.
Through ten interviews and a focus group, participants shared their perspectives on the
program’s influence on their lives concerning STEM. The study addressed the following
four research questions:

1. How does participation in a Bay Area High School Science Olympiad program
influence the STEM identity of female students and alumnae?

2. How does participation in a Bay Area High School Science Olympiad program
contribute to female students and alumnae maintaining and growing a personal
specific STEM interest?

3. What features of Science Olympiad encourage active, long-term participation in
Science Olympiad for female members? What features hinder participation?

4. What are Bay Area High School Science Olympiad female students and alumnae
perceptions of who belongs in STEM fields?

The findings of this study are presented in the following section by research question.
Each research question is addressed by themes that emerged from the data corpse during
data analysis. I will explain each theme, including subthemes and evidence to support

that theme.
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Research Question 1

Research question one explored the process of developing a STEM identity and
the Science Olympiad program’s influence on that development. To analyze the
participants’ STEM identity, the following overlapping circle diagrams shown in Figure
8, referred to as STEM circles, were used for the participants to describe their STEM
identity in comparison to their view of a STEM person. The data refers to these STEM
circles as the participants a method for the participants to describe their STEM identity.
The more overlap between the “You” circle and the “STEM Person” circle, the greater
the participants’ STEM identity. Therefore, circles A and B were seen as having a low

STEM identity while circles E, F, and G were seen as having a stronger STEM identity.

@. “ Q) B
(A) (8) (©) D)

(®) (F) @
Figure 8. STEM circles used in survey and interview questions adapted from McDonald
etal.’s STEM PIO (2019).
Four themes emerged during data analysis, along with several subthemes, shown
in Table 8 and discussed in detail below.
Theme 1: Space for progression of identity and skill development
By examining the data from the focus group and individual interviews, all

participants relayed the importance of having a safe space to develop aspects of their
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Table 8. Themes for Research Question 1.

Themes Subthemes
Space for progression of identity and skill e Safe space to explore
development e Confidence building
e Contribution to the team
Intersectionality of identities e Other identities
e Development of various identities in

conjunction with STEM identity
Activities involved in

Relationship level

Opportunities available

Expectations of family and friends
Importance of winning medals
Learning skills and knowledge gained
Growth Mindset

Opportunities to express identities
influence others’ views of identity

Rewards are necessary

STEM identity and the skills they perceived necessary to succeed in STEM fields. Three
subthemes emerged through analysis: the need for a safe space to explore different
aspects of STEM, confidence building, and being able to contribute to a STEM group by

being a member of a team.

Safe space to explore

Participants explained that Science Olympiad provided a place to explore and
develop their identity and gain skills. Seven interview participants specifically talked
about how Science Olympiad allowed them to build their STEM identity by exploring
new things. Additionally, the focus group had 17 specific mentions of developing STEM
identity in Science Olympiad. Lily, an alumna who has just completed her first year of
college, explained the following while the group discussed how Science Olympiad
influenced what it meant to do science:

It was Science Olympiad gave me the opportunity to do something that I

usually didn’t do. Cause all my events were like forensics and or at least
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the events I liked, they were very lab-based, and what I’'m doing today is

not lab-based. And so I think just doing in, like being in Science Olympiad

itself, gave me the opportunity to do something that I wouldn’t get to do at

all elsewhere.

Camila, another alumna who was a recent college graduate in Computer Science, while
responding to the same question, stated:

I think the events also, like they really helped you open your mind because

it wasn’t like school where it’s like, we’re gonna learn this and this, it’s

you learned everything related to that subject. And I think that’s really

helped in college because it’s like you have to do school to learn, not to

just finish the assignment, and learning how to learn such a broad range of

things was really beneficial to me.

Many of the other participants expressed sentiments similar to these. Science Olympiad
gave them a place to explore things that have become part of their STEM identity that
they did not have in other areas.

Additionally, the participants attributed Science Olympiad participation to
developing specific skills. During the focus group, while responding to Science
Olympiad’s influence on the construction of her STEM identity, Emily, an alumna who
was just completing her first year of college, stated, “I think that also helped me learn
how I learn.” Camila explained that her mind was “opened” because her exploration was
not dictated by assignments to complete as in a traditional classroom, and “learning how
to learn such a broad range of things was really beneficial to me.” When Natalie, an

alumna who is established in her career in finance and currently employed at a tech
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company, was asked about a challenge in Science Olympiad during her interview, she
responded:

I think something that I had to get used to, but I think that skill has been

super helpful in school, like in college, and right now in my career

because there’s a lot that my boss doesn’t teach me. My team doesn’t

teach me, and I just take the initiative to like learn things or figure things

out on my own. So, | think that was a phenomenal skill to pick up.
While the idea of less guidance than the participants were used to getting in a traditional
classroom was initially intimidating, as Natalie explained above, the participants
consistently explained that developing their direction and exploring new things was
imperative to their success in college and beyond. Madison, an alumna who is now a
teacher and has returned to coach the studied team, in the focus group described her
development in learning and doing science as:

I think growing up, I was just very, I guess my parents have been really

like traditional where it’s like. You learn something, and then you apply it.

And there’s really no in-between, but for me now, it’s you get to learn

something, and it’s just for fun; you don’t have to like necessarily apply it

anywhere. Like it doesn’t have to be like necessarily useful in the real life,

and so it’s fun. It’s like you get to explore new things. And so that’s why

or that’s, I guess, what it means to me, for me to learn and do science.
The same applied to some of the students. For instance, Maria, a student who had just

completed the tenth grade, added to the same discussion in the focus group:
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I think it really helps you realize because in, in school, you have physics,
you have bio, you have chem, and then you have a couple science classes
like forensics or biotech. But again, the range you get with Science
Olympiad is not something you can get just like in your academic classes.

And I think that’s really cool.

Confidence Building

A subtheme prevalent in six interviews and the focus group was how participation
in the Science Olympiad program built the participants’ confidence in doing STEM, a
part of recognition and performance. Emily, an alumna completing her first year of
college, shared a particularly poignant experience when the focus group was asked about
experiences that they felt shaped them:

I think it helped build my confidence. And I learned, or it made me realize

that I can do science too. Especially one time I was event leading, and I

was in a lot of like physicsy events. Not a lot of girls, and I wasn’t too

confident either. I was trying to learn and teach other people. And that one

week, my partner was gonna be gone. So I was like, all right, I’1l take

over. He was a little older too. So he would sometimes take over those

slides. But I was like, I know the physics too; I can teach it. I’ll be fine.

But I remember I think he asked one of the students, like, oh, she needs

help. Like, you can like sub in for me. And I thought that was weird, but I

think the student also thought it was weird, so he didn’t really do anything.

And that class was really fun because I did a Quizlet or no, what are those

things called where you like answer the questions or no, those things. And
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I was answering, going through every question. And I think I explained

pretty well. So, after that, I was like, you know what? I can do this too.

I’'m pretty good at this. That’s another thing that I remember. Kind of

shaped me too.

Many participants shared similar experiences and described a time in Science Olympiad
that gave them confidence in their STEM identity.

The feelings of confidence also expanded to outside of Science Olympiad. Camila
expressed that her confidence in “talk(ing) to teachers in college” grew because she knew
her “brain works. And it’s like valid for me to have these questions.” Violet, an alumna
who has graduated from college, worked in the biotech industry and is preparing to enter
a doctoral program in bioengineering, described her change in self-talk when she started
something new in STEM due to her participation in Science Olympiad. When asked what
leads to the feeling that she can be successful, she described,

And every single time I start, I’'m like, oh my God, I’'m never gonna be

good. I never don’t understand any of this. But then I always get to the

point where I’'m like, no, I can do it now. I think. It’s just an understanding

that you’ve done it in the past. So just having more trust in yourself and

that could take time, like you have to trust yourself and that comes with

like, experience.

Contribution to the team

Another subtheme emerged: the females’ contributions to the team were vital in

building their STEM identity. Olivia, a current student who completed tenth grade, was

one of the participants with a lower perceived STEM identity. She describes herself as
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not a STEM person and selected STEM circle C, the circle with 20% overlap, yet
thoroughly enjoys and excels in Science Olympiad. When asked why she participates in
Science Olympiad, Olivia said:

I’ve never really thought of myself as like a science-oriented person. Mm-

hmm but like the way that science Olympiad is set up, it, it makes me feel

like I kind of am a science person. I, I mean, is definitely the community.

It’s definitely the people who are in Science Olympiad and who, like a lot

of them, are so supportive and kind, and it’s just wonderful to be around

just knowing that there is something that I can do while not being, like,

entirely good at it. I can still contribute.
When asked to describe what has made her believe she has a place in STEM, she further
explained, “Just the fact. You know, I can do well in some of these events, and I’'m going
against people who probably like are, who, who have thought of themselves as science
people. And it’s just like, I, I can do this even though I might not be the most science-
oriented person.” Olivia went on to further explain that she has built her confidence by
being a member of the team and seeing how her contribution to the team was a part of the
team’s success. Abigail, a student who was just completing the twelfth grade and
preparing to enter college, explained that “having community and connections [with the
team] and the experience with science” increased her confidence in putting herself “out
there” in the STEM world. Having a partner and a team that the female participants
competed with instead of competing against others as an individual gave the participants

a safe way to explore STEM and further develop their STEM identity.



117

Theme 2: Intersectionality of Identities

The second central theme that emerged from the data was that the participants did
not feel their identities were exclusive to STEM. The theme of having multiple identities
emerged when the interview participants explained why they chose the STEM circles (see
Figure 8) that represented themselves. These other identities took away from their STEM
identity.
Other identities

When the interview participants were probed about why they chose different
STEM circles, they all described that the “STEM person” circle was exclusive to only
STEM. The STEM person circle represented a singular identity; if they had other
identities, such as social justice, it took away from that circle. For instance, Claire, a
twelfth-grade student preparing to enter college, expressed, when asked about why she
picked the STEM circle E, the circle with 60% overlap:

I believe that a large part of me, like a large part of my life and my

interests do revolve around STEM. Like, especially academically, that’s

probably the biggest part for me, but however, there’s also like another

part of me that’s very passionate about like advocacy and social justice

and et cetera.
Four of the interview participants talked about this same idea for themselves. Still, most
participants discussed this idea when asked how their families, friends, and teachers saw
their STEM identity. The following is how Olivia described her family’s perception:

I’'m very, you know, engaged with my family, and they see me with

Science Olympiad and, you know, doing that outside of school even. And
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so that would keep them from choosing a one with less overlap. But the
reason they wouldn’t choose one with more overlap is because, I mean,
they, they know me, and they know that I’'m not entirely STEM oriented at
times. Like there are stuff that exists outside of STEM for me.
Similar to Olivia, the participants described how others saw them do other things besides

STEM and felt that took away from their STEM identity.

Development of various identities in conjunction with STEM identity

The alumnae interviewed each expressed the desire to continue to develop their
other identities along with their STEM identity. Especially with the alumnae, participants
explained that their personal identities were still forming and their different identities
besides STEM were still developing. Violet explained, “There’s more to me than just my
career in the academics...but they aren’t fully finished. Okay. Like they’re just not
specific enough.”

When the participants were asked about the role their STEM identity played in
their lives, five talked about STEM being a significant character in the movie of their
lives, and two spoke about STEM being a best friend that has a substantial influence on
the main character. Natalie, one of the alumnae more established in her career, explained
that her vision of her identity development was similar to the portrayal of emotions in
Pixar’s movie Inside Out. She explained,

I feel like kid me, there’s all the different, like, characters in my head, like

the STEM, the finance, like, like everything in there and they’re all like

equal, they’re all kind of exploring the world, like as a toddler, just you

know, figuring things out. And then by high school, it’s like, okay, really?



119

Some characters start to become a little more dominant. And so they’re

still testing things out, but like the STEM character, the STEM person is.

Trying things. And it’s interesting, but it’s like clearly not their strength.

And so they shrink a little bit. And then business, the business character,

try a little bit. It’s like, oh, this is interesting. And, like, I’'m not too bad at

it. And so, like, that character gets a little bigger. And then in college, 1

envision, like, because I majored in accounting and information systems.

Finance business character in my mind gets even bigger and stronger. And

then the STEM person stays roughly the same. Maybe doesn’t get smaller,

but like, it’s still kind of there, but the dominant character would still be

like the finance, the business person.
Each identity grew in different ratios. Natalie’s description was mirrored in several of the
alumnae’s responses.
Theme 3: Opportunities to express identities influence others’ views of identity

Participants completed a survey and were asked to select an image using the
STEM circles, shown in Figure 8, to better understand how much overlap they viewed
themselves as having with a “STEM person”. In addition to selecting an image that
represented how they viewed themselves, they were asked how much they thought others
(family, friends, and teachers) viewed them as a STEM person. Participants could choose
from seven STEM circles, which were labeled from (A) to (G), with (A) being no overlap
between the individual and a “STEM person” and (G) representing complete overlap
between themselves and a “STEM person”. Thus, those who chose images (A) or (B)

would be characterized as not strongly identifying as a STEM person, as opposed to an
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individual who chose image (E), (F) or (G) — could be characterized as someone who
strongly identifies as a STEM person.

Table 9 provides an overview of each participants’ STEM circles selections, while
Figure 9 shows aggregates of the participants’ STEM circle selections. The first chart
shows a distribution that includes higher STEM circles (E)-(G) overall due to the
selection criteria of the focus group. The focus group participants all had STEM circle
selections between (E) and (G). Although the sum of (E)-(G) STEM circle selections
remained generally consistent between family and friends, the highest STEM circle (G)
increased from 18% for self to 35% for the family to 47% for friends. While the teachers’
(G) STEM circle remained constant, the (F) STEM circle increased to 35%. Overall, the
sum of those who chose the STEM circles (E)-(G) stayed consistent through each group
but redistributed toward the higher STEM circles for the family, friends, and teachers’
perceptions of the participants.

When the participants chose the STEM circles to reflect their perceptions of their
STEM identity and others’ perceptions of their STEM identity, the data often showed a
mismatch between the participant’s and others’ views of their STEM identity. Only one
of the participants chose the same STEM circle for themselves, their family, friends, and
teachers. Sixteen participants showed at least some variation between their perceptions
and others’ perceptions of their STEM identity. Four participants felt that their family
saw them as much of a STEM person as they did, while nine felt their family had a
perception of only one graphic different from theirs. The difference was not consistently
above or below the self-perception graphic. Friends closely mirrored the data for family

perceptions, with four participants choosing the same STEM circle and nine choosing one
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Table 9. Participant STEM Circle selections.

Participant Self STEM Family STEM Friend STEM Teacher STEM
circle circle circle circle
Violet (Alumna) F E G G

Madison (Alumna)
Camila (Alumna)
Natalie (Alumna)
Alice (Alumna)

Lily (Alumna)
Naomi (Alumna)
Elizabeth (Alumna)
Emily (Alumna)
Olivia (Student)
Maria (Student)
Claire (Student)
Sophia (Student)
Leah (Student)
Abigail (Student)
Emma (Student)
Victoria (Student) F E G E
Note. STEM circle A shows 0% overlap between “You” and “STEM Person”, B: 5%, C: 20%, D:
40%, E: 60%, F: 80%, G: 100%.
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Self STEM Circle Family STEM Circle Friends STEM Circle Teacher STEM Circle

Figure 9. Aggregated STEM circle selections.

circle above or below their chosen STEM circle. There was also variation between self-
perception and teacher perception. Five of the participants chose the same circle for
themselves and how they thought their teachers perceived them. The differences between
the STEM circle selected for themselves and the one chosen for their teachers were one

STEM circle different except for one participant, Lily, who chose a STEM circle (E), the
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circle with 60% overlap, for how she thought her teachers viewed her, which was two
below her self-perception choice (QG), the circle with 100% overlap.

As stated above, recognition of a participant’s STEM identity by others did not
always match the participant’s self-perception. This difference was dependent on several
ideas: the activities the participant was involved in, the type of relationship between the
participant and the other person, what opportunities are available to the participant, and

the expectations of the other person for the participant.

Activities involved in

Outward expressions and activities that a participant is involved in are how others
develop their perception of a female participant’s STEM identity. For example, Naomi,
an alumna who completed her second year of college as a business major, picked STEM
circle (B), the circle with 5% overlap, as her own STEM identity, but (D), the circle with
40% overlap, for how she thought family saw her, and (C), the circle with 20% overlap,
for how she thought friends and teachers saw her. When asked why she thought her
family would pick STEM circle (D), the circle with 40% overlap, Naomi explained,
“They (family) pretty much see Science Olympiad as my defining trait in high
school...So I think they expected me to major in something in science as well, but I
didn’t.” Alice, an alumna who recently graduated from college with a degree in animal
science, when asked why she picked STEM circle (C), the circle with 20% overlap, for
her teachers, explained, “Teachers don’t actually see me like outside their classroom that
much,” so the other subject matter teachers do not realize what STEM she is doing.

Victoria, a tenth-grade student, when asked why she chose STEM circle (G), the circle
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with 100% overlap, for her friends’ view of her, focused on their perceptions and
explained:

So just based on my outlook, towards my friends, like the things that they

see me pursuing, they put me down as more of a STEM person than [ am

because I don’t always tell them, like, I don’t always share

how...interested I am in other subjects as compared to STEM, because it’s

just easier to fit in with like the STEM perception, cuz that’s been going

so long and it’s not entirely wrong either, but it’s just, they don’t know the

full workings of what goes on behind the scenes.
When others see these participants involved in more STEM-based activities, like Science
Olympiad, others see them as having more of a STEM identity. A student, Olivia,
explained that teachers saw her as more of a STEM person based on their observations.
She explicitly noted, “And Spanish, but only because she would see me coming through
with my (ornithology) binder.”
Relationship Level

For the participants interviewed, the importance placed on how others perceive
their STEM identity is based on their relationships. For instance, when I asked Naomi, an
alumna in college, how important it was to her if her teachers saw her as a STEM person,
her response was, “Honestly, not really...I’m not close to any of the teachers at college.”
However, Victoria, who works in the STEM field, was very concerned that her boss and
colleagues saw her as a STEM person. Natalie, who works at a tech company, explained
that even though her family and friends would not see her as a STEM person at all, her

boss or teacher equivalent would be more apt to label her as more of a STEM person
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because of her role in her team at work. Each student participant spoke about the value of
their teachers’ views depending on the subject the teacher taught. Most described a
greater need for acceptance as a STEM person by their STEM teachers.
Opportunities available

The STEM circle the participants chose to represent how they perceived their
family, friends, and teachers saw them depended on the opportunities the participants had
to express different aspects of their identity. Lily explained, “I believe it’s just that
growing up in Silicon Valley. You have so much STEM resources around you. It’s hard
to avoid it.” Maria related this to classes in school also:

I’m mainly interested in STEM, I think. Okay. I think because I’ve been

doing mainly STEM-based activities, but also in our school. Options for

classes is very like the I’ve been in, in accelerated math programs. And

then in terms of APs and stuff, I am taking AP chem, for example, next

year. And I did honors chem this year. And so, whereas for English, for

example, it’s very, it’s English is just like 1A, 2A, like there’s no there’s

no option to accelerate in. So I see why people would think of me as more

of a STEM person because most of my classes, in terms of classes that I’'m

taking advanced courses in, are STEM-related.
Most participants discussed their opportunities in their schooling to take advanced
coursework in STEM areas.
Expectations of family and friends

Another part of how the participants saw their STEM identity and felt their family

and friends saw it was based on expectations. Due to their background or what they had
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done in the past, the participants thought they were expected to be STEM people.
Victoria, a tenth-grade student, said, “I come from a STEM-based family.” Leah stated,
“My family, in general, we’re like a very like math and science-oriented family...They
see me more of a STEM person.” The participants, who identified the higher STEM
circles for themselves and their families’ perceptions, each volunteered information about
the conversations that tend to occur in their household are about STEM, so they are
surrounded by STEM in many aspects of their life.

Additionally, the participants recognized that their family backgrounds were part
of why they were seen more as STEM people. Lily, another alumna, stated, “Not a lot of
my family members ever do something non-STEM related.” Violet, an alumna getting
ready to pursue a doctorate in a STEM field, stated, “I saw them (my family) in, like a
STEM area, and it’s like, I was like, okay, I’'m also gonna be in a STEM area.” Several
participants labeled STEM as their family business, but the family vision of STEM is
often narrower than what the participants felt. For instance, Natalie explained,

They also think STEM as like hardcore computer science. Like if you’re

not computer science, like you’re not like coding and whatnot, you’re not

STEM like, eh, and they, I think they hear the accounting part of my major

more heavily than the information system side. And so it’s like, oh yeah,

she’s in accounting. She’s in business. It’s not really like a STEM major.

While many participants pointed out that the family expectation played a significant role
in their STEM identity, Maria also pointed out that her ethnicity was a big part of the
expectation, “...if you’re Asian, most people just assume you go into STEM.” Victoria, a

tenth-grade student, explained that others adopted her expectations:
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And now it’s just become a part of my identity because, you know, it used
to be like, oh, I'm doing Science Olympiad. And now it’s like, oh, I’'m
definitely doing Science Olympiad. And then people kind of, it’s kind of
like expectations that you have for yourself and other people start having

for you.

Theme 4: Rewards are necessary

For these participants to develop a strong STEM identity, the data suggested
rewards were an integral part. However, the rewards that the participants mentioned were
not always extrinsic. In fact, the longer-lasting rewards the participants reported were
intrinsic in nature.
Importance of winning medals

During the focus group, the participants repeatedly mentioned medals won during
competition as helpful in building their confidence. Still, as they reflected on their
Science Olympiad experience, the medals became less important. Camila, an alumna,
explained, “I think it’s really interesting that, like, all of you guys are listing the medaling
as your core memory. Cause four years out now, I don’t remember the medaling at all.
Cause I remember in the moment, I guess, like the feelings. Great. But now I barely
remember me medaling.” Multiple participants repeated Camila’s explanation of liking
the feelings in different ways. While the medals gave some affirmations at the moment,
after the competition day, the affirmations changed. Madison, another alumna, stated,
“...the day of the competition, the competing aspect does obviously take a big factor, but

after the fact, like after you compete, after, everything settles down for a little bit when I



