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Abstract 

This case study explores how an informal science education organization, STEM Skool, 

fosters science identities in homeschooled students through diverse programs. Sixteen STEM 

Skool student participants from 8th to 12th grade and six parent volunteers contributed to this 

study. STEM Skool’s programming includes foundational science education in the Micro 

School, community engagement events such as the Annual STEAM Fest, competitive challenges 

like the Future City Competition, and immersive experiences through field trips. These programs 

engage students in hands-on, inquiry-based learning that builds knowledge and encourages 

sustained interest in science. STEM Skool aims to foster students’ science identities through 

these activities, helping them see themselves as competent and capable participants in the 

Science, Technology, Engineering, and Math (STEM) field. 

A mixed-methods data collection and analysis approach was implemented to assess the 

effectiveness of STEM Skool’s mission to foster students' science identities. Through statistical 

and thematic analysis, I examined the psychological processes of performance, recognition, 

competence, interest, and belonging to understand how STEM Skool’s programs support identity 

development. The findings provide research-informed recommendations to enhance student 

learning experiences and guide STEM Skool’s future programming and expansion efforts. By 

identifying the qualitative and quantitative measures STEM Skool’s interventions have on 

students’ science identities, this study contributes valuable insights into the organization’s impact 

on students’ engagement and persistence in STEM. 

Key Words: Science Identity, STEM Education, Belonging in STEM, Informal Science Education, Equity in STEM 

Education, Psychological Processes in Science Identity, STEM Pipeline Retention, Ethnicity and STEM Education  
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Introduction 

This study examines how STEM Skool, an informal science education organization, 

fosters science identities in students through its diverse programming. Developing a strong 

science identity is essential in equipping students to see themselves as science learners and 

capable participants in STEM fields, which is increasingly critical in today’s high-tech, 

interconnected world. Although STEM education is foundational to cultivating problem-solving, 

computational thinking, and innovation skills (NSTC, 2018), national assessments reveal that 

many U.S. students lack proficiency in these areas, with marginalized groups facing additional 

barriers such as limited access to resources and persistent stereotypes (Baker et al., 2023; Verdin, 

2021). STEM Skool addresses these gaps by providing inclusive, hands-on learning experiences 

to develop science identities, which enhance students’ engagement and long-term persistence in 

STEM. 

This case study evaluated the effectiveness of STEM Skool’s programming in fostering 

students’ science identities. This study seeks to gain insights into the organization’s role as a 

science intervention program by investigating how its programs contribute to science identity 

formation. Findings from this study may offer valuable recommendations for strengthening 

STEM Skool’s learning environment, guiding its strategic planning, and supporting its expansion 

to a broader student population, thereby advancing equitable access to high-quality STEM 

education. 

     Part I: Organization Context 

In the United States’ 2011 State of the Union Address, our nation’s scientists and 

engineers were challenged by President Barack Obama to focus on hard problems. He 



6 

 

emphasized the need to “out-innovate, out-educate and out-build the rest of the world” (The 

White House President Barack Obama, 2011). Out-educate. Those two words reside with a high 

frequency resonance in the engineering mind and education-centered heart of GeAndra “Ge” 

Imoudu, Ed.D.  As the Executive Director and founder of STEM Skool, an informal science 

education non-profit institution, Dr. Imoudu is responding to President Obama’s challenge.    

STEM Skool Background 

 STEM Skool’s mission is to “ensure that every child, regardless of race, ethnicity, 

religion, gender, or socioeconomic status, has access to a quality STEM education” (STEM 

Skool, 2024). At the heart of this mission is the belief that “quality STEM education” is achieved 

through fostering students’ science identities, helping them develop the skills, confidence, and 

mindset necessary to see themselves as scientists. 

Located in Charlotte, North Carolina, STEM Skool operates its flagship program on the 

grounds of Pritchard Memorial Baptist Church, providing educational services to seventy-eight 

(78) K-12 students from public, private, and homeschooling communities across North and 

South Carolina. While most students come from middle- to upper-class, two-parent households, 

the student body is racially diverse, with 42.31% African American, 33.6% White, 21.8% 

Biracial, and 1% Latino. The gender demographic is evenly split, with 50% male and 50% 

female students. This diversity aligns with STEM Skool’s commitment to inclusivity, reflecting 

its mission to make high-quality STEM education accessible to students from varied 

backgrounds. 

Supported by a team of four dedicated educators and community leaders, STEM Skool 

offers a range of hands-on, culturally relevant programs grounded in constructivist pedagogy. 

Constructivism, which emphasizes interactive, experiential learning, guides students in building 



7 

 

their understanding of science through activities that integrate their personal experiences and 

perspectives. STEM Skool focuses its curriculum on biology, chemistry, and physics bench 

sciences. It supports students to fulfill core science credits by submitting detailed course 

documentation, such as syllabi, lab notebooks, and textbook lists, to their respective state 

educational institutions.  However, as founder Dr. Imoudu emphasizes, STEM Skool is more 

than an organization that helps students meet science requirements. It is an educational 

experience that deeply engages students in the pursuit of scientific understanding and identity 

formation. It is about developing “competent adults who understand the basic physics of 

everyday life. And, for any student who intends to go into the sciences they will show up in the 

college classroom feeling equipped and feeling like they belong” (STEM Skool, 2024). 

Honoring the mission, the following programs offered by STEM Skool are designed to 

support a comprehensive learning environment where students gain scientific knowledge as well 

as the confidence, skills, and identity needed to succeed as science learners: 

Micro School 

The Micro School is STEM Skool’s flagship program. Approximately seventy-eight (78) 

students are evenly distributed across each grade level grouping (1st - 3rd grade, 3rd - 5th grade, 5th 

- 8th grade, 8th - 12th grade). Classes are held on Fridays from 9:15 am to 2 pm EST. Students 

receive interdisciplinary instruction centered on a core science discipline, such as chemistry, 

biology, physics, or earth and space science. Each student group cycles through a science class, 

art class, humanities class, and physical education class. 
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Annual STEAM Fest 

The Annual Science, Technology, Engineering, Art, and Math (STEAM) Fest is a vibrant 

fall festival that fosters collaboration. This event is hosted in partnership with Victory Christian 

Fellowship School’s Middle and High School teachers and administrators. Schools, engineering 

departments, and firms from across the region come together to share their STEM innovations, 

creating a community of approximately 200 participants annually. 

Future City Competition 

This annual event challenges students to apply their STEM knowledge in a real-world 

context. Here, they conceptualize, design, construct, and present prototypical cities of the future. 

The competition starts at the state level, with the hope of advancing to the national level. 

Approximately ten students participate in this inspiring event annually. 

Regional Science and Engineering Fair (Hosted by UNC - Charlotte) 

This is an annual competition through which students use the scientific method or 

engineering design process to initiate, execute, and present individual and team projects for 

recognition, scholarships, and awards. Approximately ten students participate annually. 

STEM Speaker Series  

Guest speakers, including scientists, engineers, physicians, anthropologists, researchers, 

educators, and municipality representatives, meet with students virtually and in person to share 

their experiences in their career fields. Approximately ten speakers and organizations are 

engaged annually. 
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Field Trips/Explorations 

Field trips to locations around and outside of the Charlotte metropolitan area are taken to 

expose students and their families to science and engineering museums, demonstrations, exhibits, 

and professions. Approximately one hundred students participate annually. 

Further, since its founding, STEM Skool has earned national recognition for its 

innovative approach to science education. In 2020, STEM Skool was named a finalist in the 

Massachusetts Institute of Technology (MIT) Solve Equitable Classrooms Challenge, a 

prestigious acknowledgment of STEM Skool’s dedication to creating equitable, high-quality 

educational opportunities. This recognition underscores STEM Skool’s commitment to academic 

excellence, equity, and accessibility in STEM education. 

Part II: Problem of Practice      

The U.S. is experiencing a steady decline in students pursuing STEM degrees, especially 

among women and women of color. To address this, political, educational, and corporate sectors 

have initiated policies, developed programs, and provided funding to spark students' interest in 

STEM. However, while these efforts aim to bring students into the STEM pipeline, ensuring they 

remain, graduate, enter STEM careers, and contribute meaningfully to the field is equally crucial.  

A key question for educators and researchers is how to design and sustain the STEM 

pipeline by reducing student attrition and promoting retention. Developing students’ science 

identities, their perception of themselves as capable science learners and future STEM 

professionals, has shown promise as a strategy to strengthen this pipeline. In this study, STEM 

Skool provides an opportunity to investigate how an informal science education organization can 

foster students' science identities. By evaluating the effectiveness of its programs in helping 
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students see themselves as future scientists, I can identify successful strategies and areas for 

improvement that can strengthen its programs and support the STEM pipeline. 

Role of STEM Education 

STEM education, defined by Martin-Paez et al. as “a teaching approach that integrates 

content and skills specific to science, technology, engineering, and mathematics” (2019, p. 815), 

is fundamental to the progress and innovation driving our modern world. According to the 

National Science and Technology Council (NSTC), this integration nurtures crucial skills such as 

computational thinking, problem-solving, and innovation, which are essential for advancing 

industries, improving healthcare, and enhancing national security (2018). These competencies 

are valuable across various fields and job categories, underscoring the importance of a STEM-

literate workforce. 

A nation's success depends on a workforce proficient in STEM and capable of navigating 

an increasingly high-tech, digital, and interconnected world. A strong foundation in STEM 

benefits individuals seeking careers in these fields and is critical for the country’s economic 

stability and growth (NSTC, 2018). Ensuring that quality STEM education is accessible to 

Americans of all ages, backgrounds, and career paths is essential (OSTP, 2021). Recognizing 

this necessity, STEM-focused schools and informal learning programs have been established 

nationwide, offering students opportunities to engage and connect with STEM subjects (NSTC, 

2018). The federal government has invested heavily in the STEM initiative, allocating over $3 

billion annually to support STEM education (Lockhart et al., 2022). Despite these efforts, recent 

National Assessment of Educational Progress findings reveal a concerning trend: a significant 

portion of U.S. students struggle with math and science proficiency. According to the NAEP, 

only 41% of 4th, 34% of 8th, and 25% of 12th graders are proficient in math. In science, 
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proficiency rates are similar with 38% for 4th graders, 34% for 8th graders, and 22% for 12th 

graders (The Nation's Report Card, n.d.). 

The disparity in access to quality STEM education also raises concerns. Not all 

Americans have equal opportunities to engage in STEM fields, resulting in the 

underrepresentation of certain groups. It is with a keen eye that we seek to understand the roles 

race and gender have in the educational context of STEM learning.  

Role of Race/Ethnicity in STEM 

Promoting diversity and inclusion in STEM is crucial to meeting the growing demand for 

professionals and ensuring that technological and scientific advancements benefit everyone 

equitably (Warshauer & Matuchniak, 2010). However, people of color remain underrepresented 

in STEM leadership positions across industry, academia, and the federal workforce in the U.S. 

(Kricorian et al., 2020). The representation of women of color is even lower, with Hispanic, 

Asian, and African American women each earning less than 5% of STEM bachelor’s degrees in 

the country (2020). 

Diversifying STEM professions involves overcoming barriers that affect historically 

marginalized groups, specifically as they affect the STEM pipeline in primary and secondary 

education. A key barrier to a more diversified STEM workforce is inequitable education. Access 

to quality education varies widely, with schools in underprivileged areas often lacking resources, 

qualified teachers, and advanced courses in STEM subjects (Baker et al., 2023). Lack of early 

exposure to STEM fields or role models who look like them and encourage or inspire the pursuit 

of science as a career further inhibits the flow of students into the STEM pipeline (Kricorian et 

al., 2020). The ever-present negative stereotype that lingers in society, the one that questions the 

abilities of certain racial and ethnic groups, undermines confidence and performance and also 
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barricades and discourages students from pursuing science careers (Liu et al., 2023). Our 

educational institutions' implicit and explicit biases can create unwelcoming environments for 

our students of color (Verdin, 2021). Independently and collectively, these barriers affect 

students' preparation and interest in pursuing STEM fields.  

Role of Gender in STEM 

The role of gender in STEM is a critical factor in understanding how students’ science 

identities are shaped and influenced. The STEM workforce and degree holders are 

predominantly non-Hispanic white males, a demographic pattern that reinforces existing 

stereotypes and creates barriers for gender diversity within the field (Collins et al., 2020). 

Women, particularly women of color, remain significantly underrepresented in STEM, often 

encountering environments where they feel marginalized and excluded due to the dominant 

presence of white male peers and mentors (Carlone & Johnson, 2007). This lack of diversity 

fosters a perception that STEM fields are intrinsically masculine, with engineering and other 

technical disciplines being particularly challenging spaces for women to establish a sense of 

belonging (Verdin, 2021). 

The obstacles women face in STEM are not rooted in the soils of professional settings. 

Instead, their seeds are planted and watered in the soils of educational experiences. Societal 

stereotypes suggest that STEM careers are better suited for boys, a bias often subtly reinforced in 

classroom interactions and extracurricular activities (Verdin, 2021). Systemic issues within 

educational institutions, including limited encouragement for girls in science and math, fewer 

female role models, and curriculum materials that lack diverse representations, further 

discourage girls from envisioning themselves in STEM careers (Verdin, 2021; Liu et al., 2023). 
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This limited exposure shapes young girls' perceptions, reinforcing the belief that STEM is not for 

them. 

Part III: Literature Review 

Identity 

     Identity is a complex and dynamic concept deeply rooted in sociocultural contexts, 

involving self-perception and external recognition (Verdin, 2021). James Paul Gee describes 

identity as being a "kind of person" recognized within a specific context, both internally and 

externally (Gee, 2000, p. 100). The development of identity theory traces back to Erik Erikson 

and James Marcia. Erikson posited that identity formation is a central and meaningful task of 

adolescence (Lockhart et al., 2022); it emerges as individuals navigate social and developmental 

demands to “provide meaning to their life choices” (p. 2).  

Identity theory examines how identities are internalized as meanings attached to the self, 

noting that identity is multifaceted, encompassing various dimensions of the self.  These 

dimensions include the self as an individual with unique personal traits; personal identity, the 

self as an occupant of specific roles (such as a student, employee, or parent); science identity, 

and the self as a member of different social groups (such as cultural, ethnic, or professional 

communities); social identity (Davis et al., 2019). These identities are not static; they are fluid 

and context-dependent, continuously evolving through social interactions and experiences (Liu et 

al., 2023). This dynamic nature of identity highlights how individuals adapt and redefine 

themselves in response to changing environments and relationships, making identity a complex 

and ongoing process. 
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Science Identity 

Building on the foundational concepts of identity theory, science identity emerges as a 

crucial construct in understanding how individuals perceive themselves about science. Scholars 

define it as the ability to think of oneself as a scientist, encompassing students' perceptions of 

who they are, what they are capable of, and what they aspire to achieve in science (Sandrone, 

2022; Schon, 2016). This identity is shaped by how students view themselves and believe others 

perceive them when engaging in science-related tasks (Schon, 2016). 

Further, a strong science identity is associated with increased persistence in science 

disciplines and a greater likelihood of pursuing science-related careers (McDonald et al., 2019; 

Carlone & Johnson, 2007). Students who highly identify with science are more inclined to make 

decisions that validate their identity (McDonald et al., 2019). This alignment between identity 

and career choice enhances motivation and commitment, enabling students to persevere in 

STEM fields (Chemers et al., 2010; McDonald et al., 2019). 

Informal Science Intervention Educational Programs 

As STEM Skool is an informal education organization, a literature review is warranted to 

understand its role in the landscape of science education. Informal science learning occurs 

outside traditional classrooms, offering a more flexible and engaging approach to science 

education (Hussim et al., 2024). Unlike conventional settings, which often impose rigid 

structures that can create barriers between students and the subject matter, informal science 

environments remove these barriers, creating a more relevant, learner-centered experience 

(Nevada STEM Advisory Council, n.d.). This approach allows students to explore science in 
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ways that resonate with their interests and experiences, fostering a deeper connection with the 

subject (Dou et al., 2023). 

Extensive qualitative research has linked early informal experiences to developing 

science identity (Dou et al., 2023). Informal science education (ISE) programs have been shown 

to enhance students' interest, confidence, and motivation in science and improve their overall 

attitudes toward the subject. By offering hands-on, real-world experiences, informal science 

learning fosters curiosity and enthusiasm, encouraging learners to view science as accessible and 

exciting. 

The U.S. National Research Council's report, Learning Science in Informal 

Environments: People, Places, and Pursuits (NRC, 2009), emphasizes the importance of informal 

learning practices in science education. The report draws an analogy, stating: “Science learning 

can be envisioned as strands of a rope intertwined to produce experiences, environments, and 

social interactions that provide strong connections to pull people of all ages and backgrounds 

toward greater scientific understanding, fluency, and expertise” (p. 42). According to the NRC, 

each of these strands represents the different actions learners take when engaging in science. 

These strands underscore the comprehensive and integrative nature of informal science education 

and its place in the science education ecosystem: 

● Strand 1: Experience excitement, interest, and motivation to learn about phenomena in 

the natural and physical world.  

● Strand 2: Come to generate, understand, remember, and use concepts, explanations, 

arguments, models and facts related to science.  
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● Strand 3: Manipulate, test, explore, predict, question, observe, and make sense of the 

natural and physical world.  

● Strand 4: Reflect on science as a way of knowing; on processes, concepts, and institutions 

of science; and on their own process of learning about phenomena.  

● Strand 5: Participate in scientific activities and learning practices with others, using 

scientific language and tools.  

● Strand 6: Think about themselves as science learners and develop an identity as someone 

who knows about, uses, and sometimes contributes (NRC, 2009, p. 4). 

Strand 6 is relevant to the leadership of STEM Skool as it highlights the importance of 

learners seeing themselves as capable of understanding and doing science. By identifying as 

science learners, students are more likely to pursue further scientific learning and contribute to 

scientific knowledge through their inquiries and discoveries. This strand is crucial for fostering a 

sense of ownership and confidence in science, which can lead to greater engagement and 

persistence in science-related activities and careers. The NRC Committee Report, through the 

lens of science learning, also notably emphasizes the importance of offering multiple science 

learning experiences across settings over time to nurture learners’ science identities (NRC, 

2009).  

Theoretical Frameworks 

The following theoretical frameworks are rooted in science identity research, providing 

foundational structures for data analysis and result interpretation. Leveraging scholarly expertise 

ensures that insights and solutions are grounded in established research. 

Mediation Model of Research Experiences (MMREs) 
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As researchers examine informal science intervention educational organizations and their 

programs, understanding the desired outcomes of these initiatives is essential. To deepen their 

study on informal science education programs, the Mediation Model of Research Experiences 

authors investigated the psychological processes that intrinsically mediate the relationship 

between science and engineering support programs and the goal of increased commitment to a 

science career (Syed, 2019). The model, depicted in Figure 1, illustrates how the psychological 

processes of 'science self-efficacy,' 'leadership and teamwork self-efficacy,' and 'identity as a 

scientist' mediate the effects of science support activities on outcomes such as commitment to a 

science career. 

The MMRE also posits that the pathway from support activities to psychological 

mediators is stronger for ethnic minorities and women compared to non-Hispanic men (Syed, 

2019). The demographic moderators of gender and ethnicity highlight this position. Within the 

context of existing institutional structures, these intervention and support programs help level the 

playing field, promoting educational equity in scientific experiences and making careers in 

science more accessible and attainable for underrepresented groups (Syed, 2019; Dawson, 2014). 
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Figure 1 - Mediation Model of the Effects of Science Support Experiences, adapted from Chemers et al. (2010) 

 

Carlone and Johnson Science Identity Framework 

James Paul Gee's concept of identity offers a lens through which to understand identity 

across various domains, including science. With Gee’s foundation, Carlone and Johnson 

developed a framework focusing on science identity. Figure 2 illustrates Carlone and Johnson's 

Science Identity Framework and identifies three key constructs and interrelated dimensions of 

science identity: competence, performance, and recognition (Carlone & Johnson, 2007). Each 

plays a vital role in shaping how students perceive themselves as part of the scientific 

community and how they engage with science-related fields (Lockhart et al., 2022).  
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Figure 2 - Carlone and Johnson’s Science Identity Framework (reproduced from Carlone & Johnson, 2007) 

 

Competence  

Competence involves demonstrating knowledge and practices in science, allowing 

students to feel capable and confident in their abilities (Carlone & Johnson, 2007). Mastery of 

scientific concepts and skills enables students to engage critically with scientific challenges and 

contribute meaningfully to the field. When students perceive themselves as competent, they are 

more likely to develop a positive science identity, which fosters further exploration and 

commitment to science (McDonald, 2019). 

Performance 

Performance involves actively engaging in scientific activities, topics, or discussions 

(Carlone & Johnson, 2007; Liu, 2023). It encompasses the social demonstration of scientific 

skills and knowledge, which is visible and valued by the scientific community and society (Chen 

& Wei, 2022). By participating in scientific discussions, conducting experiments, and presenting 
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findings, students establish themselves as competent practitioners and deepen their connection to 

the scientific enterprise. 

Recognition 

Recognition is crucial to the development of a science identity. It is “both an external 

manifestation and an internal state required for identity development” (Verdin, 2021, p. 4). It 

involves meaningful acknowledgment by oneself and others, reinforcing the sense of belonging 

and commitment to the scientific community (Carlone & Johnson, 2007). Recognition is a 

powerful motivator, as students who feel seen and valued for their contributions are likely to 

persist in science-related paths (Liu, 2023). This external validation from peers, educators, and 

the broader community, coupled with self-recognition, helps solidify their identity as scientists 

and encourages continued engagement in scientific pursuits (Lockhart et al., 2022). 

Hazari Science Identity Framework 

The Hazari Science Identity Framework, Figure 3, represents a significant evolution in 

understanding how students develop their science identities. Building upon the foundational 

work of Carlone and Johnson, Hazari and colleagues introduced a new dimension, interest, into 

the model. This addition acknowledges the critical role that interest plays in shaping students' 

identities, particularly for those who have not yet committed to a specific major or career path 

(Chen & Wei, 2022). 
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Figure 3 - Hazari Science Identity Framework (reproduced from Chen & Wei, 2022) 

 

Interest 

Interest is the personal engagement and curiosity that drive individuals to explore and 

participate in scientific activities. For students who have yet to choose a specific path, interest 

can be a crucial factor in determining the kind of person they aspire to be (Chen & Wei, 2022). 

By integrating interest into the science identity framework, Hazari acknowledges that personal 

enthusiasm and curiosity are essential to developing a strong and enduring science identity (Chen 

& Wei, 2022). Its inclusion enriches understanding of how students form their identities in 

science. Further, Liu et al. (2023) echo social cognitive theory, stating that interest strongly 

predicts science identity. Studies have also shown that interest, performance, and competence are 

collaborative, working together to affect identity (Verdin, 2021). 
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Liu et al. STEM Identity Framework 

Liu et al. have significantly expanded the understanding of what constitutes a strong 

science identity. Building upon the foundational work of Carlone and Johnson, and later 

expanded by Hazari et al., their framework includes a psychological construct borrowed from 

social identity theory, a sense of belonging (Liu et al., 2023). 

Belonging 

Recall that identity is multifaceted and encompasses various dimensions of the self: 

personal identity, science identity, and social identity (Davis et al., 2019). Belonging, a 

psychological construct of social identity, is the feeling of “acceptance and fit” within a 

community (Kricorian et al., 2020, p.2). Maslow’s hierarchy of needs also suggests that being 

part of a group and having a feeling of social belonging are basic human needs (Bolman & Deal, 

2017).  

Researchers indicate that students who experience a sense of belonging are more likely to 

develop a stronger sense of academic identity (Rainey et al., 2018). A sense of belonging is 

particularly important for students from underrepresented groups, such as women and minority 

students, who often report more uncertainty about their acceptance in academic fields than their 

well-represented peers (Collins, 2020; Strayhorn, 2018). Belonging is critical to persistence and 

success in science, as it impacts students’ academic mindsets, self-efficacy, and their valuation of 

academic tasks (Sandrone, 2022). When students feel that they belong, they are more likely to 

view science as an integral part of their identity, positively influencing their academic 

achievement and retention in science fields. For girls and students of color who may face 

stereotype threats and societal norms that signal they do not belong in the scientific community, 

this is especially true (Collins et al., 2020). These signals can lead to a decline in performance 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8711829/#B22
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and cognitive vigilance, making it difficult for these students to persist in the academic pipeline 

despite possessing the necessary skills and abilities (Liu et al., 2023). 

These signals further warrant understanding imposter syndrome, a phenomenon 

characterized by persistent self-doubt and fear of being exposed as a fraud despite evident 

success (Collins et al., 2020).  Scholars suggest a link between the lack of belonging and 

imposter syndrome. This internal experience is common among high-achieving individuals who 

struggle to internalize their abilities and accomplishments (2020). For traditionally marginalized 

groups in science fields, including women and minorities, the prevalence of imposter syndrome 

is amplified by societal stereotypes and systemic biases that question their competence and 

legitimacy (Monteiro et al., 2023). These students often face an internal conflict that prevents 

them from fully engaging with their science identities despite possessing the skills and 

qualifications necessary for success (Monteiro et al., 2023; Collins et al., 2020). A lack of 

belonging creates a fertile environment for imposter syndrome, as marginalized students 

encounter signals from the academic and professional ecosystem that they are outsiders. These 

signals reinforce feelings of inadequacy, limiting their ability to thrive and persist in science 

fields. Imposter syndrome thus becomes both a symptom and a cause of the barriers that 

marginalized students face.  

However, McGee et al. provide a compelling counterargument, challenging the widely 

accepted narrative surrounding imposter syndrome. They argue that framing imposter syndrome 

as an internal struggle unfairly places the burden of resolution on marginalized students, 

particularly Black students, and ignores the systemic injustices that foster such feelings (2022). 

According to McGee et al., the narrative of imposter syndrome implies that something is 
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inherently wrong with the individual rather than addressing the biased structures and processes 

within academic and professional environments (2022). This perspective shifts the focus from 

the individual to the ecosystem, calling out the racial biases that perpetuate feelings of 

inadequacy among marginalized students. By suggesting that marginalized students should 

“adjust their internal state” to overcome imposter syndrome, the dominant narrative overlooks 

the broader context of systemic discrimination (McGee et al., 2022, p. 488). This approach not 

only misleads students into believing they are responsible for resolving their conflicts but also 

obscures the role of the biased environments in which these conflicts arise. This critique urges an 

intentional fostering of belonging that is critical to dismantling the conditions that perpetuate 

imposter syndrome, ultimately enabling marginalized students to realize their potential and 

contribute meaningfully to their fields. 

Part IV: Conceptual Framework  

Drawn from research synthesis, STEM Skool’s Student’s Science Identity Conceptual 

Model uses the MMRE as its foundation. Symbolically represented in Figure 4, the conceptual 

model comprises four key components:   

1. Support Components: STEM Skool Science Intervention/Support Programs 

2. Outcome: Science Identity  

3. Psychological Processes: Mediators linking STEM Skool Science Intervention/Support 

Programs to Science Identity - Competence, Performance, Recognition, Interest and 

Belonging 

4.  Student Demographics: Ethnicity and Gender serving as moderators. 
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Figure 4 - STEM Skool Science Identity Conceptual Model - Symbolic Representation (LeBlanc, 2024) 

Conceptual Model - Illustrated Symbolically 

The conceptual model's symbolic representation illustrates the Science 

Intervention/Support Programs as a schoolhouse set firmly on a foundation built from its six 

core science education programs. This imagery highlights these programs' structural support, 

forming a solid base for student engagement in science. The model illustrates the Science 

Identity Outcome with students looking into a mirror and seeing themselves actively 

participating in scientific activities. This symbolic representation emphasizes the goal of 

nurturing students’ self-perception as capable and engaged scientists, reinforcing their science 

identity.  
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The Psychological Processes (Mediators) are crucial mechanisms that influence the 

development of students' science identities. In the symbolic model, these processes are 

represented as five interlocking circles in a Venn diagram, illustrating these processes' 

interconnected and mutually reinforcing nature. The overlapping circles convey that these 

mediators: competence, performance, recognition, interest, and belonging, work together, each 

reinforcing the others, to build a robust sense of science identity. For example, a student's 

interest in science can enhance their level of performance and sense of belonging, strengthening 

their identity as a scientist. 

The fourth component, Student Demographics, is symbolically represented by an 

Educational Equity Justice Scale, with ethnicity and gender as critical weights influencing 

educational access and outcomes. This scale signifies fairness and STEM Skool’s commitment to 

equitable design, striving to provide all students with resources, support, and opportunities to 

overcome systemic barriers. Like a balanced scale that signifies impartiality, the Educational 

Equity Justice Scale underscores the goal of creating an inclusive learning environment where 

every student, regardless of background, has an equal opportunity to thrive in science. 

Conceptual Model - Illustrated in Academic Context  

For academic context, Figure 5 illustrates the STEM Skool Science Identity Conceptual 

Model, aligned with the MMRE framework presented in the literature review. This section will 

discuss the model’s four key components and how each aligns with STEM Skool’s 

programming. 
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Figure 5 - STEM Skool’s Science Identity Conceptual Framework (aligned to academic context) 

 

     Identification of STEM Skool Science Components 

As noted previously, STEM Skool offers diverse informal science intervention programs. 

Central to STEM Skool science support programming is the Micro School, a foundational 

program where students learn biology, chemistry, and physics. This program is the cornerstone 

for learning key scientific principles, enabling students to build a solid foundation in the bench 

sciences. Through this program, students develop critical thinking and problem-solving skills 

essential for scientific exploration. 

Beyond the Micro School, STEM Skool offers programs that enrich learning and extend 

students’ engagement with science activities. The Annual STEAM Fest integrates science, 

technology, engineering, art, and mathematics into a celebratory, hands-on event. Here, students 

can explore interdisciplinary applications of STEM in a dynamic environment, cultivating 

interest and creativity. The Future City Competition challenges students to design and build 

model cities that address future societal needs, providing them with real-world engineering 
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experience. This competition teaches students to tackle problems with innovative solutions, 

applying scientific principles to address broader societal issues. It also promotes teamwork and 

strengthens students' critical systems-level thinking and creativity. The Regional Science and 

Engineering Fair allows students to present research projects to a panel of judges and a familiar 

audience of family, peers, and the STEM Skool community. This experience encourages students 

to engage deeply with scientific inquiry, from formulating hypotheses to conducting experiments 

and communicating their findings. 

The STEM Speaker Series connects, virtually and in-person, students with STEM 

professionals, exposing them to diverse role models within scientific fields. It further seeks to 

broaden students’ understanding of potential STEM careers and help them to envision 

themselves as a STEM professional. Guest speakers include scientists, engineers, physicians, 

anthropologists, researchers, educators, and municipality representatives. Field trips and 

explorations provide students with direct exposure to scientific environments outside STEM 

Skool's walls. Field trips to locations around and outside of the Charlotte metropolitan area 

expose students and their families to science and engineering museums, demonstrations, and 

exhibits. These experiences help bridge the gap between classroom learning and the scientific 

community. 

Program Outcome of Science Identity 

A fundamental outcome of STEM Skool's programming is fostering students' science 

identities. This identity measures not only how well students perform in science but also how 

they see themselves as future scientists, engineers, or innovators (Aschbacher et al., 2010). 

STEM Skool fosters a science identity by creating opportunities for students to engage deeply 
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with scientific practices, encouraging them to internalize the fundamental behaviors, values, and 

perspectives associated with being a scientist (Jackson et al., 2016; Tytler, 2014).  

Students who develop a strong science identity are more likely to persist in STEM fields, 

even when faced with academic or societal challenges. (Chemers et al., 2010) This persistence is 

crucial for addressing the ongoing underrepresentation of certain demographic groups in STEM 

careers. For instance, research shows that students from minority backgrounds often face barriers 

to accessing quality STEM education and career opportunities (Carlone & Johnson, 2007). By 

focusing on science identity as a core outcome, STEM Skool, through the careful design of its 

programs, seeks to break down these barriers, enabling students from diverse backgrounds to see 

themselves as competent members of the science community.  

Psychological Processes (Mediators) 

Enhancing STEM Skool’s conceptual model are three integrated research-informed 

science identity frameworks that support the ‘psychological processes’ component: Carlone and 

Johnson’s Science Identity Framework, Hazari Science Identity Framework, and Liu et al. 

STEM Identity Framework. Using these theoretical frameworks enhances the validity and 

reliability of findings, supporting the development of informed, practical strategies for informal 

science education institutions (Mensah et al., 2020), in this case, STEM Skool. Beginning with 

and drawing from Carlone and Johnson’s framework, three key processes play a central role: 

performance, recognition, and competence. Performance involves students demonstrating their 

knowledge and skills in STEM-related tasks, such as presenting research or solving complex 

problems (Carlone & Johnson, 2007). STEM Skool’s programs, including the Regional Science 

Fairs and Future City Competition, provide students with opportunities to showcase their 
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abilities, reinforcing their confidence in their capacity to succeed in science. By preparing and 

presenting their projects, STEM Skool students are challenged to perform in ways that mirror 

actual scientific practices, gaining valuable experience articulating and applying their 

understanding. This process strengthens students' confidence as they engage with hands-on 

scientific work and experience success directly (Singer et al., 2020). 

Recognition also plays a crucial role in strengthening a student's science identity. For this 

identity to develop fully, it is not enough for students to perform well; they must also be seen as 

capable and competent by teachers, peers, and scientific community members (Ashford & Mael, 

1989; Carlone & Johnson, 2007). STEM Skool students receive external validation that 

reinforces their identity as science learners through participation in programs like the STEM 

Speaker Series, Regional Science Fair, and Annual STEAM Fest (Vansteenkiste et al., 2018). 

This recognition becomes vital to their self-perception and bolsters their commitment to pursuing 

STEM pathways (Carlone & Johnson, 2007). Competence, the third key mediator, refers to 

students’ perception of their mastery over content and skills (Aikenhead & Cobern, 2022; Chen 

& Wei, 2020). Through continuous engagement in STEM Skool’s structured curriculum and 

activities, students master increasingly complex scientific concepts. As such, they begin to see 

themselves as proficient and capable, an essential factor in nurturing their science identity (Chen 

& Wei, 2020). 

In addition to these three processes, Hazari’s Science Identity Framework introduces 

interest as a critical mediator between the intervention programs and students’ science identities. 

According to Chen and Wei, programs that stimulate curiosity and excitement in science are 

crucial to maintaining student engagement, ensuring that they perform well and are motivated to 

continue exploring disciplines in the sciences (2020). STEM Skool aims to achieve such interest 



31 

 

in their students by facilitating and integrating their comprehensive programming. By 

incorporating diverse, immersive activities, including field trips and the Future City Competition, 

STEM Skool creates opportunities for students to engage with scientific topics actively, fostering 

a sincere passion and long-term interest in science (Dou et al., 2018). 

Belonging, emphasized by Lieu et al., highlights the importance of students feeling 

connected to and supported within the scientific community (2023). This sense of belonging is 

empowering; it allows students to envision themselves as a member of the scientific community 

(Kricorian et al., 2020). STEM Skool cultivates this sense of belonging through programs that 

emphasize collaborative learning, community building, and mentorship. For instance, the Micro 

School encourages students to work closely with peers on scientific projects, creating a 

supportive environment where they can share ideas, collaborate on problem-solving, and 

celebrate each other's successes. This collaborative atmosphere reinforces their perception of 

science as a welcoming space where they are all valued and respected. The STEM Speaker 

Series further strengthens students' sense of belonging by introducing them to diverse role 

models within the scientific community. Hearing from professionals who share similar 

backgrounds, interests, or challenges allows students to see themselves reflected in the field, 

helping them feel more connected to it (Hughes et al., 2013). 

Student’s Demographics (Ethnicity and Gender) 

According to Syed’s Moderation Model for Race and Ethnicity (MMRE), adapted from 

Chemere’s 2010 study, ethnicity and gender are essential in advancing educational equity for 

historically marginalized and underserved students. With this awareness and focusing on these 



32 

 

demographic factors, STEM Skool aims to level the educational playing field and address 

disparities affecting students’ access to quality STEM education and support systems. 

As illustrated in the symbolic conceptual model, ethnicity and gender are critical weights 

on this justice scale that influence educational access and outcomes. Historically, students from 

marginalized ethnic groups, particularly those in underserved communities, often face challenges 

in accessing quality STEM education. These challenges include limited access to advanced 

STEM courses, qualified teachers, and essential resources like laboratories and technology 

(Baker et al., 2023). Moreover, societal stereotypes and implicit biases in educational institutions 

may discourage these students from pursuing science, math, and engineering, ultimately 

affecting their confidence and performance (Liu et al., 2023). STEM Skool works to address 

these issues by tailoring its programs to include students from diverse ethnic backgrounds and by 

providing supportive interventions, such as mentorship and exposure to role models, to 

counterbalance these challenges on the justice scale. 

Gender also plays a significant role in this balance, particularly in fields where women, 

especially women of color, are significantly underrepresented. The masculine culture in STEM, 

especially in fields like engineering, often reinforces stereotypes that discourage girls and young 

women from pursuing these areas (Verdin, 2021). Societal expectations and limited visibility of 

women in STEM roles create a sense of exclusion (Laura, 2016), further tipping the scale against 

gender equity. STEM Skool's programming, such as the STEM Speaker Series, intentionally 

includes women scientists and engineers as role models, allowing girls to see themselves in 

STEM careers. These role models help counteract biases and foster a sense of belonging, 

ultimately aiming to equalize the gender component of the justice scale. 
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Part V: Research Questions 

Based on the problem of practice, literature review, and the conceptual Science Identity 

Framework posed for STEM Skool, I addressed two questions in this study, both of which 

centered on the effect of STEM Skool programs on students’ science identity: 

Research Question 1: In what ways has the science identity of 8th-12th grade students been 

impacted since being at STEM Skool? 

Research Question 2: To what extent do the STEM Skool’s program components promote or 

inhibit science identity development of 8th – 12th grade students? 

     The first research question offered an opportunity to collect empirical evidence on 

students’ self-perceived science identity. This initial inquiry established a foundation for 

exploring the impact of STEM Skool programs. The results of this question will provide 

leadership with valuable insights into the overall effectiveness of their programs. The second 

research question evaluated the impact of STEM Skool’s programs on students’ science identity, 

offering evidence to leadership as they consider expanding their organization. 

Part VI: Research Design 

 Overview 

To address these research questions, I employed a mixed-methods approach, 

incorporating both qualitative and quantitative data collection. As the goal is to assess the 

effectiveness of STEM Skool as an informal science education program aiming to foster science 

identity in students, a quantitative approach is warranted. This approach systematically examines 

variables through statistical analysis (Kawar, 2024; Lim, 2024). Highly regarded for its empirical 
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rigor, the quantitative analysis further provides scientific credibility for this case study and its 

findings (Lim, 2024). Alternatively and equally significant, qualitative research provides deeper 

insights into real-life scenarios. Shifting from the focus on numbers, qualitative research delves 

into lived experiences (Lim, 2024). It clarifies behaviors and emotions in a specific context 

(Austin & Sutton, 2014). It goes beyond the quantitative.  

As applied in this case study, the mixed-methods approach is collaborative, combining 

the qualitative with the quantitative, enabling a more informed and robust exploration of STEM 

Skool (Kawar, 2024). The quantitative component of the study employed a dual-purpose Likert 

scale survey distributed to a purposive sample of students selected for participation, supporting 

both research questions. The qualitative component gathered insights from parent volunteers 

through semi-structured interviews, supporting Research Question 1. The following section 

provides a detailed overview of the data collection and analysis methods used to support each 

research question. 

Data Collection 

The data collection table (Table 1) below shows the data source, data collection method, 

and type of data analysis associated with each research question (RQ). 

Research Question 1: In what ways has the science identity of 8th-12th grade students been 

impacted since being at STEM Skool? 

Research Question 2: To what extent do the STEM Skool’s program components promote or 

inhibit science identity development of 8th – 12th grade students? 
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Table 1 - Data Collection Table 

 

Quantitative data to support the analyses for research questions 1 and 2 was collected via 

a student science identity assessment to a purposive sample of students, specifically 8th – 12th 

graders who had been enrolled in STEM Skool for at least two years. Once the qualified students 

were identified for the study, an email was generated and sent to their parents seeking consent 

for their child's participation (see Appendix A). All parents of students who qualified based on 

their years of enrollment at STEM Skool granted permission for their child to participate (n=20). 

After obtaining parental consent, students were informed that they were participating in the 

Student Science Identity Survey through STEM Skool's learning management system, Thinkific 

(see Appendix B). The notification provided a link to the Student Science Identity survey, 

developed and administered using the Qualtrics experience management platform. Seventeen of 

the twenty students responded. The demographics of the student participants are provided in 

Figure 6. 
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Figure 6 - Student Demographics: Gender and Ethnicity/Race 

Qualitative data to support Research Question 1 was gathered through semi-structured 

interviews with parent volunteers. They provided detailed narratives about their perceptions of 

their students' science identity and any changes observed following participation in STEM Skool. 

Similar to the quantitative data collection, a purposive sampling approach was used for this 

analysis. Two requirements were leveraged for the selection: parents with over two years of 

affiliation with STEM Skool whose students were part of the qualitative study and who were 

active volunteers with the organization. The program's founder, Dr. Imoudu, sent a text message 

to the identified parent volunteers (n = 7) inviting them to participate in the interviews. Upon 

agreeing to participate, parents received a confirmation email with instructions to select an 

interview time via the online scheduling platform Doodle (see Appendix C). 

Tools and Protocols 

Student Science Identity Survey & Participants 

The survey instrument for Research Question 1 was adapted from Chen and Wei (2020), 

who developed and validated a Likert scale survey based on the seminal science identity model 

(Carlone & Johnson, 2007; Hazari et al., 2010). This instrument encompasses four subscales: 
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performance, competence, recognition, and interest. It serves multiple purposes: providing 

science educators with a valid and valuable tool to measure students' science identity, improve 

classroom teaching practices, and evaluate informal science programs' effectiveness. The 

instrument demonstrates strong construct validity and reliability, with Cronbach's alphas of 0.83 

for performance, 0.88 for competence, 0.89 for recognition, and 0.86 for interest. To capture the 

fifth psychological component, a sense of belonging, I utilized a survey by Liu et al. (2023) that 

assesses adolescent students' STEM identity. I specifically focused on questions that examined 

belonging. Although Liu et al. did not provide a Cronbach alpha for the measuring instrument, 

their analysis "provides multiple sets of evidence for reliability and validity" (2023, p.13). The 

Student Science Identity survey given to participants combined both above-referenced surveys to 

support the STEM Skool Science Identity conceptual framework. 

In the STEM Skool Student Science Identity Survey, students were prompted to reflect 

on each psychological process associated with science identity, each serving as a mediator in the 

conceptual framework. Each process was represented by several statements that students rated 

based on their level of agreement, using the following Likert scale: Strongly Disagree, Disagree, 

Neither Agree nor Disagree, Agree, and Strongly Agree. Students were asked to consider the 

statements relating to two timeframes:  before enrolling in STEM Skool and since enrolling in 

STEM Skool. Table 2, displayed below, shows each psychological mediator explored, the 

associated number of statements posed, and sample pre- and post-STEM Skool statements in the 

STEM Skool Student Science Identity Survey. The complete Student Science Identity survey is 

available in Appendix D for review. 
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Table 2 - Sample Statements in STEM Skool Student Science Identity Survey 

 
 

Research Question 1 – Parent Semi-Structured Interviews 

Aligning with Liu et al. (2023), who emphasizes the profound influence of parents' 

perceptions and expectations on their children's self-perceptions and aspirations in science, I 

explored parents' observations of changes in their children. Specifically, through semi-structured 

interviews, I aimed to understand how participation in STEM Skool impacted their children's 

views, performance, and confidence in science. The guiding questions for the interviews are 

provided in Appendix E. The individual interviews were conducted and recorded with the 

interviewee’s permission on the Zoom online platform. Transcripts of the recordings were 

available through the platform and will be deleted within 30 days post submission of this white 

paper. The interviews were conducted over a two-week period, with each session initially 

scheduled for thirty minutes. However, once the interviews began, I offered each parent up to 

sixty minutes for discussion. 

Research Question 2 – Programs’ Impact Assessment on Student Science Identity 

The survey was developed based on synthesized research findings to address Research 

Question 2 and assess the impact of each STEM Skool program on students' science identity. It 

examined each program within STEM Skool by focusing on the five psychological mediators: 

recognition, performance, competence, interest, and belonging. Using a Likert scale, students 
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evaluated each program (as applicable) for its influence on their identity as science learners. The 

set of statements corresponding to each science identity psychological process was repeated for 

each STEM Skool program: STEM Micro School, Annual STEAM Fest, Future City 

Competition, STEM Skool Regional Science Fair (hosted by UNC – Charlotte), STEM Speaker 

Series, and Field Trips/Explorations. Table 3 below is a sample set of statements posed in the 

survey for Micro School. The complete survey, created using Qualtrics, is included in Appendix 

F.  

 
Table 3 - Statements Posed in Program Assessment Survey for Micro School Program 

  

Data Analysis 

Overview 

This section provides a detailed overview of the data analysis employed to uncover the 

impact of STEM Skool on students’ science identity and evaluate the effectiveness of its 

programs. Beginning with Research Question 1, a presentation of the data source is followed by 

the analytical methodologies leveraged to address the research questions posed in this case study. 

As Research Question 1 leverages two data sources, its presentation will be iterative.   
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Research Question 1: In what ways has the science identity of 8th-12th grade students been 

impacted since being at STEM Skool? 

Research Question 2: To what extent do the STEM Skool’s program components promote or 

inhibit science identity development of 8th – 12th grade students? 

RQ-1 Quantitative Data Source: Student Science Identity Survey 

The Student Science Identity survey was designed with a two-fold quantitative purpose. 

The first part of the survey addressed Research Question 1 through a pre- and post-assessment of 

students’ self-perceived science identity in the context of their participation in STEM 

Skool.  Questions were designed to prompt a Likert scale response from the participants, 

indicating their level of agreement related to the psychological mediators presented in the 

conceptual framework.  The second purpose of the Student Science Identity survey aligns with 

Research Question 2, which will be discussed in a later section.  

RQ-1 Quantitative Data Analysis Methodology 

The Student Science Identity surveys were distributed to a purposive sample of twenty 

(20) students in grades 8 through 12. Seventeen (17) students responded, though one survey was 

only partially completed and therefore excluded from the analysis, yielding an 80% completion 

rate. Supporting Research Question 1, the first section of the survey contained 30 total questions 

related to the psychological constructs: competence (6), performance (6), recognition (4), interest 

(8), and belonging (6). The results were analyzed based on the two timeframes being reflected 

upon by the students: 
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● Pre-: Refers to students' self-perception of their science identity before joining STEM 

Skool. 

● Post-: Refers to students' current self-perception of their science identity 

To address how the science identity of 8th – 12th grade students have been impacted since being 

at STEM Skool, performing statistical analysis to determine significant differences between the 

following was warranted: 

● Pre- and Post-STEM Skool self-assessed Science Identity Scores (SIS) 

●  Pre- and Post Science Identity Scores for each psychological mediator: Competence, 

Performance, Recognition, Interest and Belonging 

Leveraging the results of the Students’ Science Identity self-assessments, pre- and post-

Science Identity Scores were calculated for each student participant based on their Likert scale 

responses. As a five-point Likert scale was used on the assessment, five points were allocated for 

each strong agreement response and point allocation was reduced accordingly with one point 

being allocated for strong disagreement. With the pre- and post- Science Identity Scores, the 

‘paired t-test’ was selected for statistical analysis as it is ideal for analyzing changes in scores for 

the same participants before and after an intervention, in this case, participation in STEM Skool. 

The ‘paired t-test’ compared pre- and post- means to determine whether there was a statistically 

significant difference between them. In the context of this case study each student provided two 

related data points, their pre-SIS (before enrolling at STEM Skool) and their post-SIS (after 

participating in STEM Skool). Two hypotheses were formed: a null hypothesis and its 

alternative. 

. 
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●  Null Hypothesis (H0): There is no significant difference between pre- and post-scores, 

meaning STEM Skool had no effect on students' science identities. 

● Alternative Hypothesis (H1): There is a significant difference between pre- and post-

scores, indicating STEM Skool did affect students' science identities. 

The paired t-test calculated the difference between the pre-and post-scores for each 

participant, then analyzed it to determine if the average difference across all participants differed 

significantly from zero. The paired t-test results provided a p-value, helping to determine 

whether the observed differences were statistically significant. A small p-value (typically less 

than 0.05) would suggest that the difference between pre- and post-scores is unlikely due to 

chance, meaning STEM Skool and its science identity intervention programs likely had a real 

effect. Alternatively, having a p-value greater than .05 would suggest STEM Skool may not have 

significantly changed how students view themselves regarding their science identity. Similarly, 

pre- and post-science identity scores were calculated for each psychological mediator: 

competence, performance, recognition, interest, and belonging, and paired t-tests, using their 

mean scores, were conducted accordingly for each one. 

Continuing to address the first research question, it was also deemed important to test for 

significant differences between the science identity’s psychological mediators. A Two-Factor 

ANOVA without Replication (Repeated Measures ANOVA) was used for this analysis, which 

assessed whether certain psychological mediators had a stronger impact on students’ science 

identity than others. For example, results would indicate whether “performance” has a 

significantly different influence compared to “competence” or “belonging.” Further, in the 

STEM Skool Science Identity Conceptual Model, gender and ethnicity are crucial moderators in 

promoting educational equity. As such, holding gender and ethnicity independently, under the 



43 

 

statistical lens of a ‘paired t-test’ and determining if there is a significant difference between pre- 

and post-SIS for these demographics was also warranted.   

RQ – 1 Qualitative Data Source: Parent Interviews 

As homeschool parents are their children's primary educators, they play an active role in 

shaping their children’s learning experiences. According to Carpenter and Gann (2017), many 

homeschool parents are seen as orchestrators of “educational activities for their children rather 

than the direct providers of instruction" (p.322).  Their interest in the outcome of the selected 

educational activities is under their critical educational eye. 

Through semi-structured interviews with six purposive sampled parents at STEM Skool, 

valuable insight was offered into their perceptions of their children’s learning outcomes, 

specifically their self-perceptions and aspirations in science. The interviews provided a 

secondary perspective on how participation in STEM Skool impacted their children's views, 

performance, and confidence in science. 

RQ-1 Qualitative Data Analysis Methodology 

Thematic analysis is a widely used qualitative research method designed to 

systematically organize and analyze complex data sets by identifying patterns or themes that 

capture critical narratives within the data (Dawadi, 2020). As applied to interviews, this method 

involves the thoughtful iterative review of transcribed data to uncover themes, making it a 

practical approach for managing rich qualitative information. (2020) In this case study, a 

deductive thematic analysis was employed to evaluate parent interview transcripts. The 
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deductive approach (themes developed a priori) assumed that underlying principles could “be 

applied to the phenomenon” or data being studied (Roberts et al., 2019, p.2). 

Following the standard process for this analysis, I began with pre-identified themes 

drawn from the literature review: an existing theoretical framework providing a clear direction 

for identifying patterns within the data (Bingham, 2023). In this case, the framework for analysis 

was informed by the Student Science Identity framework, with the predefined psychological 

constructs of performance, competence, recognition, interest, and belonging guiding the coding 

process. This approach ensured that the analysis remained focused on addressing the research 

question. 

A thematic codebook was also developed to document the theoretically informed codes 

and their definitions (Table 4). This coding guide ensured tracking and consistency in code 

application throughout the case study. It is aligned with literature and provides a foundation for 

correlating the findings to research (Bingham, 2023). With the codebook in hand, six transcribed 

STEM Skool’s parent interviews were reviewed iteratively and analyzed for patterns and co-

occurrence through the lens of the five theoretical constructs identified. Direct quotations 

signifying alignment with the codes were captured in an MS Excel database. In instances where 

quotes aligned with multiple codes, all applicable co-occurring codes were documented. Further, 

because the data analysis was founded on a theoretical framework, a theoretically informed 

analysis emerges, yielding “insightful and trustworthy findings” related to the impact of STEM 

Skool programs on students' science identity (Bingham, 2023; Dawadi, 2020, p.62). 
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Table 4 - Deductive Coding Guide 

 

 

Triangulation of Quantitative and Qualitative Data Analysis 

In social science, triangulation of data involves using multiple sources or methods to 

cross-check and validate research findings, ensuring greater reliability and depth in 

understanding (Jick, 1979; Kewar, 2024). In this case study where the science identity survey is 

used in tandem with parent interviews to gather data, triangulation worked by integrating the 

insights gained from both sources. The Student Science Identity survey collected quantitative 

data from students on the various psychological constructs of science identity, specifically their 

self-perception of their science identity as it related to performance, competence, recognition, 

interest and belonging. The pre- and post-science identity scores helped to quantify changes in 

students' science identity over time and give a measurable outcome of the program's impact. The 
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parent interviews provided a more nuanced, subjective understanding of the same phenomenon. 

Parents shared observations about their child as it related to the science identity constructs. This 

qualitative data offered context to the survey results by capturing personal stories, emotions, and 

behaviors that numbers alone may not have revealed. Using the triangulation process, by 

comparing the results of the survey (students’ self-assessed science identity) with the feedback 

from parents (their observations of changes in their children's attitudes and behaviors toward 

science), I could gain a more comprehensive evaluation of STEM Skool’s impact. Triangulation 

further confirms the validity of the findings from multiple perspectives, reducing the potential for 

bias or error (Kawar et al., 2024). 

RQ-2 Quantitative Data Source: Science Identity Survey 

In part two of the Student Science Identity survey, participants were asked to provide 

feedback on the individual programs’ impact on their science identity with respect to the 

psychological mediators of performance, competence, recognition, interest, and belonging.  

RQ-2 Quantitative Data Analysis 

Data analysis supporting Research Question 2 aimed to address to what extent do the 

STEM Skool’s programs promote or inhibit the development of science identity among 8th – 12th 

graders. Data for this analysis was collected through the Student Science Identity survey. The 

number of responses received for each program assessment was directly tied to the students' 

participation in that program; only those who had participated in a given program were allowed 

to respond to questions specific to that program. This ensured the responses were relevant and 

reflective of each student's experience in the respective programs. 
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A total of 16 student survey responses were received, and after reviewing the data, it was 

determined that three of the six STEM Skool programs had a sufficient number of participants 

for meaningful impact analysis: 

● STEM Micro-School - 16 responses 

● STEM Speaker Series - 15 responses 

● Field Trips/Explorations - 10 responses 

The remaining programs had too few responses to be included in a reliable analysis of 

their impact on students' science identity. To assess the impact of the STEM Skool programs on 

students' science identity, the programs were ranked based on their mean Science Identity 

Scores, as derived from the survey responses. The scores were also broken down according to 

the key psychological processes influencing science identity: competence, performance, 

recognition, interest, and belonging. 

Part VII: Findings 

This section details the findings that emerged from the data collected and analyzed to 

explore the impact of STEM Skool on students’ science identity. This case study, hence, the 

framework for the data analysis, was theoretically grounded in the Mediation Model of Research 

Experiences and enhanced by integrating three science identity theoretical frameworks: Carlone 

and Johnson, Hazari, and Liu et al. The case study leveraged student self-assessments through 

Likert scale surveys and parent interviews with the principal investigator to address the research 

questions. 
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Research Question One 

Quantitative Analysis.  

The statistical analysis, as outlined in the data analysis methodology section, aimed to 

evaluate the effect of STEM Skool on 8th 12th grade students' science identity. By comparing 

students' science identity scores before and after participating in the program, using a paired t-

test, the quantitative analysis explored whether the program had any significant impact. After 

confirming that the data followed a normal distribution using the Lilliefors Test, the paired t-test 

was performed, yielding a p-value of less than .05. This result indicated that the difference 

between the pre- and post-enrollment scores was statistically significant; therefore, STEM Skool 

did have a positive effect on students' science identity. The changes in mean scores and their 

significance levels are presented in Table 5, highlighting the measurable growth in science 

identity after participating in the program. 

Table 5 - Pre and Post SI Mean Scores and Paired-T Test Results 

 

Similarly, pre- and post-science identity scores were calculated for each psychological 

process, competence, performance, recognition, interest, and belonging to understand better how 

these individual mediators contribute to students' overall science identity development. A paired 

t-test was conducted for each mediator by comparing the mean scores before and after 

participation in STEM Skool, assessing whether these dimensions showed any significant change 

over time. The results of the paired t-tests revealed a statistically significant difference between 

the pre- and post-scores for each psychological process (see Table 6). These findings indicate 

that STEM Skool had a meaningful impact on enhancing students' feelings of competence (their 
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belief in their science abilities), performance (their success in science-related tasks), recognition 

(how much they feel acknowledged as a science learner), interest (their engagement and curiosity 

in science), and belonging (their sense of inclusion within the scientific community). The 

significant improvements across these areas suggest that STEM Skool’s programming supports 

not only the development of science identity in an overall sense but also the specific 

psychological mediators that contribute to a student’s confidence and engagement in science. 

 
Table 6 - Paired T-Test Results for Psychological Processes 

 

To further explore the first research question, it was essential to investigate whether 

specific psychological mediators (competence, performance, recognition, interest, and 

belonging) had a stronger influence on students' science identity than others. To do this, a Two-

Factor ANOVA without Replication (Repeated Measures ANOVA) was conducted. This 

statistical test is designed to compare the effects of multiple variables, in this case, the 

psychological mediators on the outcome of a student's science identity, to determine whether 

significant differences exist in their impact. 

The results of the ANOVA produced an F ratio of 2.06 and a critical F value (F crit) of 

2.53. Since the F ratio was less than the critical F value (F < F crit), the null hypothesis could not 

be rejected. Additionally, the p-value for the test was 0.097, which is greater than the 

conventional significance level of α = 0.05. Because the p-value exceeded this threshold, the 
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analysis failed to reject the null hypothesis. These results indicated that there is no statistically 

significant difference in the impact of the psychological mediators on students' science identity. 

The mediators of competence, performance, recognition, interest, and belonging contributed 

similarly to students' science identity development, with no specific mediator standing out as 

having a distinctly stronger effect than the others. This finding suggested that the STEM Skool 

program fosters a holistic development of science identity, where all psychological constructs 

play an equally important role in shaping how students perceive themselves in relation to 

science. 

Lastly, as outlined in the STEM Skool Science Identity Conceptual Model, gender and 

ethnicity are critical moderators in advancing educational equity. Therefore, it was essential to 

examine these demographics independently using a paired t-test to assess whether there were 

significant differences between pre- and post-science identity scores for these groups. 

When analyzing the science identity scores of female students (n = 9), the results showed 

a statistically significant and substantial improvement in their science identity scores (see Table 

7). Specifically, the mean score before participation in STEM Skool was 3.2 (SD = 0.8), while 

the mean score after participation rose to 4.0 (SD = 0.7). The paired t-test results indicated a 

significant difference, t(8) = 4, p = .004, which strongly supports the conceptual framework's 

assertion that gender is a crucial moderator. These findings affirm that STEM Skool has a 

significant positive impact on enhancing the science identity of female students. 

Table 7 - Statistical Analysis – Gender and Ethnicity 
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In contrast, the analysis of the science identity scores of students of color (n = 7) revealed 

a non-significant but notable improvement in scores. Before participation, the mean score was 

3.1 (SD = 0.4); after participation, the mean increased to 3.7 (SD = 0.6). The t-test results 

showed t(6) = 2.3, p = .060. Although this improvement was not statistically significant at the .05 

threshold, the results suggest that STEM Skool may still positively affect the science identity of 

students of color. However, the null hypothesis, that no significant change occurs cannot be 

rejected in this case. This indicates the need for further exploration of the relationship between 

ethnicity and science identity development to understand the full impact better. 

Qualitative Analysis 

A thematic analysis of parent interviews, used to triangulate the quantitative science 

identity survey data, highlighted the critical role of the five psychological mediators in shaping 

students' science identity. Based on transcribed data from the parent interviews, the analysis 

emphasized that students' science identities are nurtured through a balanced integration of key 

psychological processes: competence, performance, recognition, interest, and belonging. In total, 

49 direct quotations were extracted and analyzed, revealing the prominence of each mediator and 

co-occurrences of specific mediators. 

The thematic analysis graph shown below in Figure 7 highlights the frequency of 

psychological mediators as coded from interview data. Among the mediators, "Competence" and 

"Performance" were the most frequently mentioned by parents, appearing in 41% and 33% of the 

total 49 quotations, respectively. As shown in Figure 8, when examining co-occurrences, two 

mediators, "Competence" and "Performance," were often linked in the coding process, 

accounting for 46% of the 24 co-occurring statements. 
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A detailed breakdown shows additional mediators such as "Interest," "Belonging," and 

"Recognition," which also appeared both individually and in combination, though less 

frequently. This distribution underscores the emphasis on competence and performance within 

parental discussions around student experiences in STEM contexts. 

 

Figure 7 - Thematic Analysis: Occurrences by Psychological Mediators 

 

Figure 8 - Thematic Analysis: Co-occurrences by Psychological Mediators 
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In this section, direct quotes are noted following each psychological process analysis. The 

results are presented according to their prominence in the findings. For a review of all direct 

quotations analyzed, please see Appendix – G.  

Noted previously, competence emerged as the most prominent theme, representing 41% 

of the total quotations. As shown in the extracted quotes, parents consistently highlighted their 

children's growing ability to understand and apply scientific concepts confidently through class 

discussions or hands-on projects. The thematic analysis showed that competence is often 

displayed through mastery of concepts and the ability to explain and engage with scientific 

material in various settings.  

● "She understands the concepts ... she's very confident in it." 

● "She defended herself when she was asked (by her dad) about taking physics, she said 'I 

know what I need to know.'" 

● "I don't know if she will go on to study science... but she's confident enough to have that 

as an option... to feel that confidence is important." 

● "He's just very confident with all of that and can really hold his own having a 

conversation about it even with outside of his peers." 

Performance was the second most prominent theme, accounting for 33% of quotations. 

Parents discussed their children’s ability to carry out complex scientific tasks, such as presenting 

findings, conducting projects, and confidently responding to questions. Performance often 

demonstrated competence in action, showcasing students' mastery of the material through 

successfully executing science-related tasks and presentations. 
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● "My kids knew what they needed to do. They had the education; they had the resources... 

they were able to compete with all these kids and win and do better." 

● "They had to build a house to withstand a Cat. 5 hurricane... my kids built their house, 

and they knew exactly how to construct it because they had done this at STEM Skool."  

● "She wanted nothing to do with presenting ... But she has learned through STEM Skool 

that everybody has a role ... even when people were asking questions, she was able to 

step up and give answers." 

Interest accounted for 27% of the total quotations, with parents emphasizing how their 

children’s engagement in STEM Skool fueled their fascination with science. Whether students 

were inspired by forensics or specific STEM career paths, interest was a key driver of sustained 

engagement with science, even for those who may not pursue science careers in the future. 

● "My son really perked up when she was talking about forensics, and they got to interact 

with it." 

● "For the kids who are STEM kids to their core... (there is) enough rigor to keep them 

interested and engaged." 

● "(Because of STEM Skool) She wants to go to Stanford now, and she wants to go into a 

very specific type of engineering." 

● "If I didn't let them watch their STEM Skool for the week, they'd be irate." 

Belonging, representing 24% of the quotations, was linked to a sense of community and 

inclusion within the STEM Skool environment. Parents described how their students felt 
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comfortable, supported, and accepted, allowing them to engage confidently in group 

presentations and interact socially with peers and mentors. 

● "There are students of all colors, all religions... She (daughter) can see that all of them 

are successful in STEM. So, it's another way for her to just feel a part of that identity and 

not feel like she's watching other people be successful at it." 

● "Her personality is bubbly and effervescent at STEM Skool. She feels like it's her home 

space. So, she's very social there, very open there. She feels very safe there." 

● "(Dr. Ge) is the warm hug that (my child) needs... It's not a physical hug. It's the 'I see 

you. You're cared for. Your feelings are protected here. Your thoughts are wanted here. 

Your arguments are wanted. You are wanted here.'" 

Belonging also emerged as an integral theme across all codes. Although the words may 

not have been expressed succinctly, there was an undercurrent, a tone in the interviews that the 

sense of belonging was central to their students’ science learning at STEM Skool. That students’ 

sense of inclusion in the space of science was ever-present, thereby enhancing their students’ 

interest, performance, and growing competence. 

Recognition comprised 22% of the analyzed quotations and was frequently mentioned in 

the context of external acknowledgment following students’ successful performances. Parents 

noted how this validation contributed to their children's motivation and sense of identity within 

the scientific community. 

● "The program, especially for my one with the learning disabilities... it's been very 

positive for him... not just his science identity, but his full identity." 
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● "She absolutely has an affirmed identity in STEM in a way that she hadn't before, even 

though she comes from a mom who's an engineer." 

● "Seeing Mrs. Ge and her husband both in STEM, both wildly successful... it just affirms 

my kids in ways that my voice and my husband's voice could never do." 

● "I was so impressed, and how my kids were able to think the way that they were needing 

to think... paying attention to what they need to learn and really digest what's 

happening." 

Competence and performance frequently co-occurred, with 11 instances highlighting 

their interconnectedness. Parents described how their children’s growing competence in 

understanding scientific concepts translated into their ability to perform tasks, present findings, 

and engage in hands-on projects confidently. This symbiotic relationship between competence 

and performance was a key theme across the interviews. 

● "Even my daughter, who's the least 'sciency'... after a speaker, an embryologist came, she 

said 'I think I could do that... I think I could do that.'" 

● "In other spaces, she's a bit more reserved until she's mastered a concept, and then she 

steps boldly into it. Whereas in STEM Skool she just kind of goes for it." 

● "She has them present a lot in class... she already knew how to present and how to 

answer questions when the science moderators had to walk around and ask questions 

about their projects." 

● "They are gaining... the ability to synthesize like their own research... putting it in a 

format that can be understood on a trifold board." 
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The findings of the thematic analysis reinforced that a balanced integration of the psychological 

processes of competence, performance, interest, belonging, and recognition is critical to fostering 

students’ science identity at STEM Skool. 

Research Question Two 

The analysis of the individual STEM Skool programs provided valuable insights into how 

different activities contribute to the development of students' science identities. In addressing the 

research question, to what extent do STEM Skool’s programs promote or inhibit science identity 

development among 8th – 12th grade students, this case study examined survey responses across 

three core programs: Micro School, Field Trips/Exploration, and the STEM Speaker Series. The 

data was analyzed to rank these programs and assess their influence on key psychological 

processes, including competence, performance, recognition, interest, and belonging. The findings 

shown in Table -8 highlight the strengths of these programs in promoting science identity while 

also identifying areas for potential improvement. 

Table 8 - STEM Skool Program and Psychological Mediator Rankings 

 

Among the three programs, the Micro School emerged as the most impactful, with an 

average science identity score of 4.05. Field Trips/Exploration program followed closely with an 
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average score of 4.04. Both programs demonstrated strong influence in fostering science identity, 

indicating that they are particularly effective in helping students develop a positive self-concept 

in relation to science. The STEM Speaker Series, while still impactful, ranked slightly lower 

with an average science identity score of 3.73. This ranking suggests that immersive, hands-on 

experiences such as those offered in the Micro School and Field Trips programs have a slightly 

greater effect on science identity development than observational activities like the STEM 

Speaker Series. The close alignment in scores between the Micro School and Field 

Trips/Exploration further underscores the importance of active participation and real-world 

engagement in fostering students’ identification with science. 

Across the three programs, competence and performance emerged as the top two 

psychological constructs contributing to the development of science identity. Competence, with 

consistently high scores, reflects that students feel increasingly capable of understanding and 

mastering scientific concepts as a result of their participation in STEM Skool programs. This 

finding suggests that the curriculum and activities are well-designed to boost students’ 

confidence in their abilities, which is a key factor in fostering a lasting science identity. 

Similarly, performance, the second highest-rated construct, indicated that students are not 

only gaining knowledge but also applying it effectively. Whether through projects, presentations, 

or hands-on tasks, students demonstrate their scientific skills in meaningful ways, reinforcing 

their competence and solidifying their science identity. Further, with performance scores being 

high across all three programs suggest that STEM Skool successfully combines theoretical 

knowledge with practical application, allowing students to showcase their scientific abilities. 
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While competence and performance were the strongest constructs, recognition, the extent 

to which students feel acknowledged for their scientific contributions, received the lowest 

average score across all programs. This finding suggests that while students are performing well 

and gaining competence, they may not be receiving adequate external validation or feedback for 

their efforts. 

Part VIII: Recommendations 

The following recommendations draw on the insights gained from this study, providing 

STEM Skool with a strategic framework for enhancing its mission to foster students' science 

identities and support their long-term engagement with STEM. Grounded in both quantitative 

and qualitative findings, these recommendations are designed to build upon STEM Skool’s 

strengths in promoting key psychological constructs of competence, performance, recognition, 

interest, and belonging, while addressing areas for growth that can enhance learning experiences, 

deepen student engagement and prepare the organization for future expansion. 

Strengthen integrated approaches. Because STEM Skool has positively influenced all 

five psychological constructs, performance, competence, recognition, interest, and belonging, 

with no one construct standing out, it suggests that STEM Skool’s balanced approach is working. 

Continue fostering this balanced integration, ensuring that course content and relevant activities 

support multiple facets of science identity. 

Regularly conduct students’ self-assessments of science identity. The ongoing 

feedback allows for continuous improvements and adjustments to programs and teaching 

methods, aligning with students’ ongoing needs. When conducting the assessments and in light 

of the findings regarding students of color serving as a moderating variable, it is recommended to 
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use a larger sample size for analysis. The increase in sample size will increase the test power and 

strengthen the results. 

Revisit the mission statement. STEM Skool’s mission is to “ensure that every child, 

regardless of race, ethnicity, religion, gender, or socioeconomic status, has access to a quality 

STEM education.” The science identity scores from this study’s survey results provide a strong, 

data-driven basis to articulate a more focused and quantitative mission statement. Findings from 

this study highlight STEM Skool’s commitment to fostering an educational environment that 

equips students with the skills and confidence to excel in science, preparing them to succeed at 

the collegiate level. Parent interviews further underscore the importance of seeing their children 

develop competence in science, validating STEM Skool’s impact. The collected, analyzed, and 

triangulated data thus establishes a foundation for refining and strengthening the organization’s 

mission statement.   

Increase opportunities for recognition. Recall the mediators of competence, 

performance, recognition, interest, and belonging contributed similarly to students' science 

identity development, with no specific mediator standing out as having a distinctly stronger 

effect than the others. This finding suggested that the STEM Skool program fosters a holistic 

development of science identity, where all psychological constructs play an equally important 

role in shaping how their students perceive themselves in relation to science. However, when 

ranking the psychological constructs, recognition received the lowest average score across all 

programs. As such, further efforts should aim to strengthen students’ sense of recognition, 

enhancing their engagement and persistence in STEM. 
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Leverage program success for engagement and expansion. STEM Skool can leverage 

the findings from this study to support further development by creating targeted marketing 

materials that highlight its positive impact on students’ science identities. Emphasizing the 

effectiveness of STEM Skool’s programming in fostering students’ self-perception as science 

learners will be instrumental in seeking funding, partnerships, and expansion opportunities. By 

showcasing the findings from this study, STEM Skool can clearly communicate its role in 

shaping confident, engaged STEM learners and advocate for its broader mission. 

Part IX: Conclusions 

This case study has provided an in-depth examination of how STEM Skool, an informal 

science education organization, fosters science identity in students through its integrated and 

hands-on approach to science learning. The findings underscore the organization’s effectiveness 

in positively influencing the psychological processes of competence, performance, recognition, 

interest, and belonging, which are critical to science identity development. These processes work 

synergistically within STEM Skool’s diverse programs, from the foundational Micro School to 

immersive field trips and competitions, creating an environment where students not only learn 

science but also see themselves as active participants in the scientific community. 

The evidence gathered through both quantitative and qualitative analysis strongly 

validates STEM Skool’s approach and mission, highlighting the organization's effectiveness in 

developing students’ science identities. By fostering a sense of competence, recognition, and 

belonging, STEM Skool is actively preparing students to view themselves as capable science 

learners, equipping them with the skills and confidence to navigate collegiate science 

environments and pursue careers in STEM. This solid foundation not only supports their 

academic success but also encourages long-term engagement with STEM fields, which is crucial 
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given the nation’s need for a diverse, STEM-literate workforce. Parent insights provide a further 

dimension to this validation, emphasizing the profound value they place on STEM Skool’s 

nurturing environment. For many parents, seeing their children grow in competence and 

confidence, and feeling a genuine sense of belonging within a scientific community, is 

invaluable. These attributes are particularly significant for students who may not have previously 

envisioned themselves in STEM roles, as STEM Skool’s inclusive approach enables them to see 

themselves as legitimate participants in science. By establishing an environment where students 

feel acknowledged and motivated, STEM Skool helps break down barriers that can inhibit 

students from underrepresented backgrounds from pursuing STEM paths, further enhancing the 

organization’s role in promoting equity in education. 

These findings confirm the substantial impact of STEM Skool's programs on students' 

science identity, while also identifying opportunities for refinement and organizational 

expansion. The study’s recommendations point to ways in which STEM Skool can continue to 

enhance student learning experiences, whether through deepening the integration of science 

identity components across programs or expanding community outreach to involve a broader 

audience. As STEM Skool strengthens its programming and broadens its reach, it is well-

positioned to serve as a model for other informal science education programs, demonstrating 

how a commitment to fostering science identity can cultivate not only skilled learners but also 

confident, engaged members of the scientific community. 
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Appendix A - Parental Consent 

The following email was sent to parents of those purposefully selected to participate in this 

study. 

Hi (Parent Name)! 

As I mentioned, my Vanderbilt colleague, Lana LeBlanc, is doing her capstone project on 

science identities and would like to gain insight from a few of the students and parents in our 

8th-12th grade class to learn more about how STEM Skool has influenced your student’s views 

and confidence in science. 

What is “science identity?” It’s one’s ability to think of themselves as a scientist. It encompasses 

students' perceptions of who they are, what they believe they are capable of, and what they aspire 

to achieve in the realm of science. 

Lana’s project will help us enhance our high school science program. It needs your and your 

students' valuable feedback, and I personally value your participation as a long-time member of 

our community. 

Students will be asked to fill out a brief questionnaire and, if willing, join Lana via Zoom for a 

round table discussion. Please rest assured that all of the feedback you provide will remain 

strictly confidential. 

If you have any questions about participating in this project, you may contact Lana at 713-555-

5555* or lana.m.leblanc@vanderbilt.edu. You can also reach me at 504-555-5555* or 

ge@stemskool.org. 

Please reply to this email letting me know if your student has your permission to 

participate in this project. We will then send over a link to complete the questionnaire. 

Thanks so much! 

~Ge. 

GeAndra "Ge" Imoudu 

Founder | Science & Engineering Facilitator 

STEM Skool, Inc. 

ge@stemskool.org 

https://www.stemskool.org/ 

https://www.facebook.com/STEMSkool/ 

 

 

*Contact numbers changed for privacy 

https://www.stemskool.org/
https://www.facebook.com/STEMSkool/
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Appendix B - Notice to STEM Skool Students: Request their Participation in Student 

Science Identity Survey 

Hi (Student)! 

My Vanderbilt classmate, Ms. Lana LeBlanc, is doing a project on science identity at STEM 

Skool. Science Identity is simply the ability to see yourself as a scientist. 

I'd be so appreciative if you could share your feedback as a member of our 8th-12th grade class. 

The questionnaire is confidential, so I will not know how you responded. 

We'll be collecting student responses until this coming Friday, August 30th. 

You can click here to complete the questionnaire. 

Please don't hesitate to reach out if you have any questions! 

  

Warmly, 

Mrs. Ge. 
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Appendix C - Confirmation email to Parent Volunteers regarding participation in Study 

via Interviews 

Hello (Parent Name), 

Below is the calendar link through doodle. You can select a time that works for you. Again, if 

the times presented do not align with your availability let me know and I will accommodate your 

schedule. 

https://doodle.com/meeting/participate/id/ep7QMO1d 

  

Warm regards, 

Lana LeBlanc 

  

Lana LeBlanc 

Doctoral Candidate 

Vanderbilt University - Peabody College 

Department of Leadership, Policy and Organizations 

Leadership and Learning in Organizations 
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Appendix D - Student Science Identity Survey presented to the student participants.  

Introductory Screen 

 

Figure 9 - Student Science Identity Survey - Introductory Screen for PRE-STEM Skool Self-Assessment 
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Self-Assessment Statements – BEFORE STEM Skool  

Table 9 - Student Science Identity Survey Statements - Before STEM Skool 

*Enjoy – text in referenced article stated “feel pleasure” 

 

Within this section, think about and answer the questions according to how you saw yourself  BEFORE 
attending STEM Skool.
Part 1  - Performance
I thought I could do well in science classes.
I believed I could get a good grade in science subjects.
I believed I could complete my science homework.
I believed I could use science tools and lab instruments.
I believed that I could walk through the scientific method or engineering design process.
I believed I could get a good grade in science and technology  competitions
Part 2 - Competence
I thought I was good at science.
I believed I could understand scientific laws and principles  well.
I  believed I could use science to explain the natural phenomena in daily life.
I believed I could learn a lot of knowledge in  science classes.
I believed I would do well in science.
I believed I could learn even the hardest parts of scientific knowledge if I tried.
Part 3 - Recognition
I thought of myself as a science person.
I believed my classmates recognized me as a science person
I believed my science teachers recognized me as a science person.
I believed my family and friends recognized me as a science person.
Part 4 - Interest
I believed I would learn more about science knowledge through a variety of sources.
I liked to participate in various scientific activities.
I thought the science knowledge taught in my classes is important in real world.
I liked the science equipment in my science classes.
I liked to attend classes that are related to science.
I was interested in careers that are related to science.
I was planning to pursue science careers in the future.
I felt comfortable talking to people who work in science careers.
Part 5 - Belonging
I would have been proud to excel in Science-Related subjects.
I would have liked to be seen as a person in the field of mathematics or science and technology.
I was willing to show competence in math or engineering in front of others.
I enjoyed* talking to others about content related to science subjects.
I intended to follow the example of scientists and engineers.
I would have felt comfortable when talking to people who work in science-related fields.
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Student Science Identity Survey – POST-STEM Skool Self-Assessment 

 

Figure 10 - Student Science Identity Survey - Introductory Screen for Post-STEM Skool Self-Assessment 
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Self-Assessment Statements – AFTER  STEM Skool  

Table 10 - Student Science Identity Survey Statements - After STEM Skool 

Within this section, think about and answer the questions according to how you see yourself AFTER 
attending STEM Skool. 
Part 1 - Performance 
I think I do well in science classes. 
I am able to get a good grade in science subjects 
I am able to complete my science homework. 
I am proficient in using tools and operating apparatus in experiments. 
I can smoothly conduct a science inquiry activity. 
I can get a good grade in science and technology competitions. 
Part 2 - Competence 
I think I am good at science 
I can understand scientific laws and principles well 
I am able to use science to explain the nature phenomena in daily life 
I believe I can learn a lot of knowledge in science classes. 
I believe I will do well in science 
I believe I can learn even the hardest parts of scientific knowledge if I try. 
Part 3 - Recognition 
I think of myself as a science person 
My classmates recognize me as a science person. 
My science teachers recognize me as a science person. 
My family and friends recognize me as a science person. 
Part 4 - Interest 
I will learn more about science knowledge through a variety of sources. 
I like to participate in various scientific activities. 
I think the science knowledge taught in my classes is important in real world. 
I like the science equipment in my science classes. 
I like to attend classes that are related to science. 
I am interested in careers that are related to science. 
I plan to pursue science careers in the future. 
I would feel comfortable talking to people who work in science careers. 
Part 5 - Belonging 
I would be proud to excel in Science-Related subjects. 
I would like to be seen as a person in the field of mathematics or science and technology. 
I am willing to show competence in math or engineering in front of others. 
I enjoy* talking to others about content related to science subjects. 
I intend to follow the example of scientists and engineers. 
I would feel comfortable when talking to people who work in science-related fields. 

*Enoy – text in referenced article stated “feel pleasure” 
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Appendix E – Guided Questions Supporting Semi-Structured Interviews with Parent 

Volunteers 

1.     Have you noticed any changes in your child since they started at STEM Skool? Can you 

provide examples? 

2.     Have you observed any shifts in your child's views on science? Can you provide examples? 

3.     Have you noticed any changes in your child’s views of scientists? Can you provide 

examples? 

4.     Have you observed any changes in your child's confidence levels? Can you provide 

examples? 

5.     Which activities do you believe had the most significant impact on your child? Why? 

6.     Which activities were your favorites? Why? 
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Appendix F – Student Science Identity Survey - Individual Program Assessments 

Introductory Screen 

 

Figure 11- Student Science Identity Survey – Introductory Screen to Program Assessments 

 

Following the introductory screen students were prompted to respond to program assessment 

statements (see Table 11) using the Likert scale: Strongly Disagree, Disagree, Neither Agree nor 

Disagree, Agree, and Strongly Agree. 
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Table 11 - Program Assessment Statements 

 

 

  

 STEM Skool's Micro School
Program Assessment Statement

The Micro School Program has helped me recognize myself as a science person or others see me as a science person.
The Micro School Program has improved my ways of talking about and using scientific tools.
The Micro School Program has increased my understanding of science.
The Micro School Program has increased my interest in science.
The Micro School Program makes me feel like I can belong in science.

STEM Skool's Annual STEAM Fest
Program Assessment Statement

 STEM Skool's Annual STEAM Fest has helped me recognize myself as a science person or others see me as a science person.
 STEM Skool's Annual STEAM Fest has improved my ways of talking about and using scientific tools.
 STEM Skool's Annual STEAM Fest has increased my understanding of science.
 STEM Skool's Annual STEAM Fest has increased my interest in science.
 STEM Skool's Annual STEAM Fest makes me feel like I can belong in science.

The Future City Competition
Program Assessment Statement

The Future City Competition has helped me recognize myself as a science person or others see me as a science person.
The Future City Competition has improved my ways of talking about and using scientific tools.
The Future City Competition has increased my understanding of science.
The Future City Competition has increased my interest in science.
The Future City Competition makes me feel like I can belong in science.

Regional Science Fair (Hosted by UNC - Charlotte)
Program Assessment Statement

The Regional Science Fair has helped me recognize myself as a science person or others see me as a science person.
The Regional Science Fair has improved my ways of talking about and using scientific tools.
The Regional Science Fair has increased my understanding of science.
The Regional Science Fair has increased my interest in science.
The Regional Science Fair makes me feel like I can belong in science.

STEM Speaker Series
Program Assessment Statement

The STEM Speaker Series has helped me recognize myself as a science person or others see me as a science person.
The STEM Speaker Series has improved my ways of talking about and using scientific tools.
The STEM Speaker Series has increased my understanding of science.
The STEM Speaker Series has increased my interest in science.
The STEM Speaker Series makes me feel like I can belong in science.

Field Trips/Travel Experiences
Program Assessment Statement

The field trips/travel experiences have helped me recognize myself as a science person or others see me as a science person.
The field trips/travel experiences have improved my ways of talking about and using scientific tools.
The field trips/travel experiences have increased my understanding of science.
The field trips/travel experiences have increased my interest in science.
The field trips/travel experiences make me feel like I can belong in science.
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Appendix G - Thematic Analysis 

Interviewee Code Direct Quotations 

P01 Belonging "She feels like she has a place ... finding her place and 

finding that she has things to contribute ... she can work 

together as a team." 

P01 Belonging "The teamwork aspect of things ... finding your own 

strengths ... partnering up with others that are strong in areas 

that you are weaker in." 

P02 Belonging "Her personality is bubbly and effervescent at STEM school. 

She feels like it's her home space. So, she's very social there, 

very open there. She feels very safe there." 

P02 Belonging "There are students of all colors, all religions...She can see 

that all of them are successful in STEM. So, it's another way 

for her to just feel a part of that identity and not feeling like 

she's watching other people be successful at it." 

P02 Belonging  (Mrs. Ge) is the warm hug that (my child) needs... It's not a 

physical hug. It's the ‘I see you. You're cared for. Your 

feelings are protected here. Your thoughts are wanted here. 

Your arguments are wanted. Here you are wanted here.’ 

P06 Belonging "The environment of STEM provides that social thing...She's 

finding friends and developing friendships as well." 

P03 Belonging, 

Competence 

"My oldest, who struggles with learning disabilities... feels a 

sense of belonging there and feels like it's a possibility." 

P02 Belonging, 

Competence 

They're more confident and empowered … (Mrs. Ge) just 

affirms them in ways that my voice and my husband's voice 

could never do. 

P05 Belonging, 

Interest 

"It gives them a cohort of friends... like-minded kids that 

want to be there. No one has to be there... everyone's going 

because they want to." 

P05 Belonging, 

Interest 

"(My child) really connected with him [a speaker] ... that 

speaker offered his email address to all the kids... Silas wrote 

that down." 

P01 Competence "She understands the concepts ... she's very confident in it." 

P01 Competence "She defended herself when she was asked (by her dad) 

about taking physics, she said 'I know what I need to know.'" 



80 

 

P03 Competence "I don't know if she will go on to study science... but she's 

confident enough to have that as an option... to feel that 

confidence is important." 

P05 Competence "He's just very confident with all of that and can really hold 

his own having a conversation about it even with outside of 

his peers." 

P02 Competence "She’s very confident in STEM because she has the structure 

behind it and kind of the meat behind it." 

P01 Interest "She loves the hands-on aspect that comes from field trips ... 

enjoys being able to go, and then learning new things." 

P01 Interest "She liked the fact that STEAM is so much more than just 

science ... she enjoys learning new things and asking 

questions to further her understanding." 

P03 Interest "They've always enjoyed science... going to STEM school 

has made it more rigorous, more in-depth... I think they're 

excited by that." 

P03 Interest "They are invested in it... they're definitely engaging with the 

material enough to keep talking about it." 

P05 Interest "Silas really perked up when she was talking about forensics, 

and they got to... interact with it." 

P05 Interest "I think over the years, he's really learned that science is a lot 

bigger than just experiments... there's so many disciplines 

within science." 

P02 Interest "She wants to go to Stanford now, and she wants to go into a 

very specific type of engineering." 

P02 Interest "For the kids who are STEM kids to their core… (there is) 

enough rigor to keep them interested and engaged." 

P04 Interest "If I didn't let them watch their STEM school for the week, 

they'd be irate. So, you know, they know what to do." 

P06 Interest, 

Belonging 

"There were a couple of speakers that Mrs. Ge brought in, 

and she was kind of 'oh, I didn't know that'. So, it did kind of 

open up that window a little bit more to maybe like hey? 

Maybe I could possibly, you know, see something interesting 

in that." 

P02 Performance "My kids woke up at 4:30 in the morning to log in to STEM 

Skool, to be a part of a conversation and a guest speaker." 

P01 Performance, 

Competence 

"She practiced a lot in front of her dad and I ... the way that 

she gets feedback ... she views it in a positive light." 
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P01 Performance, 

Competence 

"She wanted nothing to do with presenting ... But she has 

learned through STEM school that everybody has a role ... 

even when people were asking questions ... she was able to 

step up and give answers." 

P03 Performance, 

Competence 

"Even my daughter, who's the least 'sciency'... after a 

speaker, an embryologist came, she said 'I think I could do 

that... I think I could do that." 

P03 Performance, 

Competence 

"They're much more confident now... seeing them tackle 

science fair projects, I feel like 2 years ago that would have 

been deer in the headlights. They would have been like, I 

can't do that, you know, and now it's like, I think she just 

puts the building blocks and gives them the knowledge they 

need to be successful." 

P05 Performance, 

Competence 

"He designed his own project... He already knew the 

scientific method. He knew how to present... how to answer 

questions when the science moderators had to walk around 

and ask questions." 

P05 Performance, 

Competence 

"My kids knew what they needed to do. They had the 

education; they had the resources... they were able to 

compete with all these kids and win and do better." 

P05 Performance, 

Competence 

"They had to build a house to withstand a cat. 5 hurricane... 

my kids built their house, and they knew exactly how to 

construct it because they had done this at STEM school." 

P02 Performance, 

Competence 

"In other spaces, she's a bit more reserved until she's 

mastered a concept, and then she steps boldly into it. 

Whereas in STEM she just kind of goes for it" 

P02 Performance, 

Competence 

"She has them present a lot in class... she already knew how 

to present and how to answer questions when the science 

moderators had to walk around and ask questions about their 

projects." 

P04 Performance, 

Competence 

"They are gaining... the ability to synthesize like their own 

research... putting it in a format that can be understood on a 

trifold board." 

P04 Performance, 

Competence, 

Recognition, 

Belonging 

"The last day of the class, the adults, the parents, and often 

like invited guests, will circulate. And so, they're standing 

there like kind of doing their presentation." 
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P04 Performance, 

Interest 

"They do the chant 'ask, imagine, plan, create'… The 

scientific process that she has, which is really cool, they like 

to yell that in my house." 

P06 Performance, 

Interest 

"They all have the option to go to the online meetings on 

Wednesdays. And so (my child) makes sure, unless there's 

something coming up that she attends that, and so that to me 

is already preparing her to kind of do some extra, you know, 

when she doesn't have to, and she enjoys doing it" 

P01 Recognition "After not placing 1-3rd ... they started thinking ... What are 

we going to do better? ... They took that on themselves." 

P01 Recognition "Nobody told them to do that. They just started doing that on 

their own ... they weren't thwarted ... looking ahead." 

P03 Recognition "They talk about what they're learning... they show me 

things, they're generally excited for it." 

P03 Recognition "I think it's phenomenal... seeing growth in all of them... you 

want them to be in an environment where they're challenged, 

and they grow." 

P02 Recognition "She absolutely has an affirmed identity in STEM in a way 

that she hadn't before, even though she comes from a mom 

who's an engineer." 

P02 Recognition "Seeing Mrs. Ge and her husband both in STEM, both wildly 

successful... it just affirms them in ways that my voice and 

my husband's voice could never do." 

P05 Recognition, 

Competence 

"I was so impressed, and how my kids were able to think the 

way that they were needing to think... paying attention to 

what they need to learn and really digest what's happening." 

P06 Recognition, 

Competence 

"She's not one for science like she doesn't think she wants to 

be a scientist. But Mrs. Ge sees a lot of science qualities in 

her which I do, too, but she more or less wants to draw and 

do art. But she has those type of skills and Mrs. Ge 

recognized that and kind of help… she's particularly doing it 

things with the projects. They become a little bit more 

challenging. And she's risen to that challenge." 

P03 Recognition, 

Performance 

"The program, especially for my one with the learning 

disabilities... it's been very positive for him... not just his 

science identity, but his full identity." 
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P05 Recognition, 

Performance 

"He already knew how to present and how to answer 

questions when the science moderators had to walk around 

and ask questions about their projects." 

  


