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ABSTRACT 

Educators and policymakers advocate for the implementation of problem-based 

approaches to STEM education in K-12 classrooms to help students develop 21st-century skills 

such as the ability to think critically, collaborate, and problem-solve. The first exploratory case 

study in this three-article dissertation examines how students engage in STEM-focused PBL 

experiences and the meaning of these experiences for the development of their STEM identities.  

The second study utilizes Braun and Clarke’s reflective thematic analysis framework to explore 

the experience of a model STEM teacher at a high-performing STEM-focused elementary school 

as she implemented problem-based learning in the first year of a school-wide progressive reform 

initiative. Overall findings from the first two articles indicated missed opportunities to connect 

students’ lived experiences to the problem-solving process.  The final article in this study 

introduces the practice of asset mapping, which has traditionally been used in the field of social 

work and community development and applies it to the context of a STEM-focused PBL activity.  

The novel Problem-based Learning through Asset Mapping (PLAM) Framework recognizes the 

assets students bring to the learning process and supports educators aiming to leverage these 

assets to solve problems that are relevant and meaningful to learners.   
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CHAPTER ONE: INTRODUCTION 

In the United States, women account for over 60% of college graduates; however, only 

20% of people earning degrees in computer science and engineering are women. The outlook is 

even more troubling for African American and Hispanic women looking to enter the workforce 

in these fields, as they comprise fewer than 6% of employed scientists and engineers (National 

Science Foundation, 2019). Prior research has shown that the unbalanced representation of 

women with careers in science, technology, engineering, and mathematics (STEM) fields is not 

the result of a lack of ability, as standardized tests indicate no difference in scores between boys 

and girls in math or science during the early stages of their academic careers (National Science 

Foundation, 2019). One explanation for the disparity in workforce participation is an 

incongruence between the culture of STEM education and the ways that women perceive 

themselves as scientists, technologists, engineers, and mathematicians in STEM settings 

(Kourany, 2002; Soylu Yalcinkaya & Adams, 2020).  It is important to consider self-perceptions 

as young girls are first introduced to the sociocultural context of science in school classrooms.  

Experiences in traditional science classrooms shape students’ understanding of what 

constitutes scientific knowledge, who produces it, how it is used, and what role they play in the 

process (Driver et al., 1994). Research in science education for underrepresented youth has found 

that developing a strong science identity promotes students’ persistence in STEM, improves 

academic performance, and increases the number of students who complete degrees in STEM-

related fields (Atkins et al., 2020; Chang et al., 2014; Maton et al., 2016). Problem-based STEM 

experiences grounded in constructivist learning principles are a tool for educators to engage and 

motivate learners. A problem-based learning approach to STEM education may provide 
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educators the opportunity to capitalize on factors known to contribute to students’ positive self-

efficacy beliefs (Chis et al., 2018; Margot & Kettler, 2019).  These beliefs are an essential 

component of the STEM-identity process.         

Strengthening the STEM identities of underrepresented groups remains critical to address 

the lack of STEM-related workforce participation of minority groups. Prior research has 

demonstrated the significance of pedagogical choices and teacher interactions in the 

development of students’ STEM identity, especially related to minority girls (Brickhouse et al., 

2000; Carlone et al., 2014; Merolla et al., 2012; Strong, 2016). Educators and policymakers 

advocate for the implementation of PBL in K-12 classrooms to help students to develop 21st-

century skills such as the ability to think critically, collaborate, and problem-solve (Edmunds et 

al., 2017; Partnership for 21st Century Learning, 2019).  

Lack of access to STEM-based learning experiences in K-12 environments is one of 

many possible factors contributing to the gap in STEM achievement that persists for minority 

students attending low-income schools (Barton et al., 2016).   Research examining how formal 

science classroom environments are perceived by underrepresented students may provide 

educators insights into how best to strengthen STEM identities for students. The purpose of 

Article One of this dissertation explores STEM-focused problem-based learning (PBL) as a 

strategy to strengthen the STEM identity of underrepresented youth, specifically for minority 

girls who are least likely to view themselves in a STEM role. 

A problem-based approach to STEM instruction that includes aspects of design and 

making has been recognized as a gateway to STEM education for traditionally underrepresented 

students (Sheridan et al., 2014).  Research suggests that these types of learning experiences 

contribute to increased content knowledge (Shulman, 2013), student engagement (Bevan et al., 
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2015; Kuh, 2008), and motivation for STEM learning (Hand, et al., 2003).  Others have 

purported that design and making could potentially contribute to career interest in STEM-related 

fields as they are often STEM-based learning activities (Diaz & King, 2007). 

Educators are an essential component in the implementation of STEM-focused PBL. 

They determine if and how constructivist epistemology will be used in the context of their 

science classrooms (Beck et al., 2000; Luehmann, 2007). Self-efficacy beliefs have been shown 

to positively contribute to teachers’ motivation to implement innovative instructional practices. 

These practices require teachers to extend the same persistence, effort, and resilience expected 

from their students participating in PBL (Blumenfeld et al., 1991; Pajares, 1996; Ravitz, 

2010).  Examining teacher self-efficacy in task-specific STEM-focused environments may help 

researchers more accurately predict teachers’ motivation to apply a PBL approach to teaching 

STEM content (Bandura, 1995; Pajares,1996). Article Two of this dissertation shifts focus from 

student science identity to examine factors related to the implementation of PBL by a model 

educator at a STEM-focused elementary school. 

Learners in K-12 settings across the country bring to the classroom a wide array of 

educational experiences, cultural practices, and individual identities. As an instructional practice, 

problem-based learning (PBL) views students’ prior knowledge and lived experiences as 

valuable tools that can be utilized to solve problems that are both meaningful and relevant to 

their lives (Hung, 2011; Savery, 2015). Providing opportunities for learners to build upon prior 

knowledge can serve to validate their experiences and help develop and strengthen their 

identities as valued participants in the larger learning community (Darder, 2012; López, 2017). 

Further, an asset-based approach to PBL instruction may encourage learners to recognize their 

prior knowledge and skills and discover ways to leverage their word views, cultural perspectives, 
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and lived experiences throughout the learning process. Article Three of this dissertation 

introduces a PBL-focused asset mapping tool for educators that prompts students to consider 

various ways in which experiences from their everyday lives can be used as resources in the 

context of problem-solving. Implementing this asset mapping activity prior to participation in a 

PBL challenge can also assist educators as they work to develop an awareness of the social, 

cultural, and digital assets students already possess and that can be utilized in the learning 

process. 

Purpose of the Study 

Educators and policymakers advocate for the implementation of problem-based 

approaches to STEM education in K-12 classrooms to help students develop 21st-century skills 

such as the ability to think critically, collaborate, and problem-solve (Edmunds et al., 2017; 

Partnership for 21st Century Skils, 2019).  Lack of access to quality STEM-based learning 

experiences in K-12 environments is one of many possible factors contributing to the gap in 

STEM achievement that persist for minority students attending low-income schools (Barton et 

al., 2017).   

Adolescence has been described by researchers as a critical stage in students’ academic 

trajectories with implications for future aspirations to enroll in STEM-related courses (Carlone et 

al., 2014). Research that provides instructional tools that can support educators implementing 

STEM-focused PBL experiences in formal learning environments has the potential to strengthen 

students’ STEM identity development, particularly for those interested in pursuing careers where 

they are often underrepresented (Coleman & Davis, 2020). 
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The purpose of Article One is to describe the experiences of two African American girls 

as they participate in STEM-focused PBL within the context of a school science classroom and 

the meaning of these experiences for their STEM identities. Insight from the data collected in 

this study may help instructional designers and practitioners better design and implement STEM-

based active learning problems that promote STEM-identity formation for traditionally 

underserved and underrepresented groups. 

The purpose of Article Two is to describe the experience of a model teacher at a high-

performing STEM-focused elementary school as she implements PBL in the first year of a 

school-wide progressive reform initiative. Findings from this study provide classroom teachers, 

administrators, district leaders, and state policymakers with insight into how school culture can 

be leveraged to support teachers as they implement PBL. Findings can provide guidance to 

administrators tasked with choosing model teachers and school leaders to support and promote a 

PBL reform effort that is practical, productive, and sustainable. 

The purpose of Article Three is to discuss the impact of asset-based approaches to 

STEM-focused PBL and provide educators with a tool that prompts students to consider various 

ways that experiences from their everyday lives can be used as resources in the context of 

problem-solving. Findings highlight the potential of asset mapping to engage and motivate 

students in STEM-focused PBL settings as well as provide instructional designers and 

practitioners insight into best practices and tools to resist a deficit-based narrative and actively 

work to reframe their own perspectives. 
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Theoretical Frameworks 

      The theoretical frameworks for the qualitative research in this dissertation include two 

theoretical lenses. In Article One, Carlone and Johnson’s (2007) science identity model views the 

development of science identity as intersectional and context dependent. In this view, developing 

science identity occurs gradually over time, considers individual traits such as race, gender, and 

ethnicity, and includes three interrelated dimensions: competence, performance, and recognition 

(Carlone & Johnson, 2007). The science identity framework was adopted as a flexible lens for 

data interpretation for Article One as initial coding revealed multiple instances of words 

associated with the framework’s three dimensions of science identity. Lave and Wegner’s (1991) 

situated learning framework was also utilized to address findings by examining the relationship 

between girls’ narrated and embodied identities-in-practice. 

In Article Two, teacher efficacy and epistemic beliefs, and attitudes about teaching and 

learning are often expressed through the enactment of instruction (Pajares, 1992; Peterman, 

1993; Tobin, 1993).  Problem-based learning (PBL), an instructional strategy guided by inquiry-

based learning, is supported by variations of the constructivist theoretical framework (Bell, 

2010). As the constructivist epistemology is widely viewed as the foundation of an ideal PBL 

environment, it will serve as the theoretical lens for examining teacher beliefs and experiences 

implementing STEM-focused PBL in the classroom (Pecore, 2012). In addition, self-efficacy for 

teaching in the context of a STEM-focused PBL classroom will be explored according to 

Bandura’s four major forms of influence: mastery experiences, vicarious experiences, social 

persuasions, and physiological and emotional states (Bandura, 1995). These factors have been 
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shown to strengthen self-efficacy in teachers and positively impact their practice (Chichekian & 

Shore, 2016; Morrell & Carroll, 2003). 

Article Three describes the practice of asset mapping, which has traditionally been used 

in the field of social work and community development and applies it to the context of a STEM-

focused PBL activity (Kretzmann & McKnight, 1993). The asset-based community development 

(ABCD) framework posits the following assertions: (a) every person has unique abilities and 

expertise, (b) every person is capable of making contributions to his/her community, and (c) 

every person has something that matters to them and that can serve as motivation to act and 

pursue change (Mathie & Cunningham, 2003). Extant research has demonstrated the possibilities 

of utilizing the ABCD framework in the context of problem-based learning (Stoddard & Pfeifer, 

2018). The article Asset Mapping in STEM Education: A Problem-based Framework for 

Educators explores the benefits of an assets-based approach as well as provide practitioners with 

instructional tools to support the implementation of an asset focused PBL challenge. 

The evolution of this dissertation began with an effort to describe the experiences of two 

African American girls as they participated in STEM-focused PBL in the context of a formal 

science classroom and the meaning of these experiences for their STEM identities. A lack of 

understanding of the basic tenants of PBL on the part of both educators tasked with leading 

problem-based STEM challenges in the formal classroom setting was evidenced in the data from 

Article One of this dissertation. Given that teachers serve as the linchpins of successful 

innovative education initiatives, understanding their experiences as they engage in these 

initiatives at the classroom level is critical.  The next article in this dissertation examines PBL in 

a unique setting where the barriers evidenced in Article One are largely removed and focus shifts 
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away from the student experience to better understand the implementation of PBL from the 

teacher's perspective. 

 

Findings from Article One and Article Two demonstrate a failure to connect students’ 

lived experiences to the scientific concepts and problems addressed in the PBL challenges. 

Without opportunities for learners to build upon prior knowledge that validates their experiences, 

developing and strengthening their identities as valued participants in the larger learning 

community is unlikely to occur.  Article Three of this study addresses this issue directly with the 

construction of a framework that could support all of the educators described in this research to 

develop and leverage their students’ assets through problem-based challenges. 

Methods Overview 

This research utilizes an exploratory qualitative methodology.  In Article One, a 

qualitative case study methodology was used to examine STEM-focused PBL as a sociocultural 

process to gain a deeper insight into participants’ beliefs, attitudes, and experiences as they occur 

in a natural setting within a bounded system (Merriam & Tisdell, 2015). Case study research on 

identity can provide what Merriam describes as an “in-depth description and analysis of a 

bounded system” (1988, p. 40). Article One utilized forms of criterion sampling found 

throughout the literature on STEM education, particularly in case study research focused on 

science and STEM identity (Basu & Barton, 2007; Buck et al., 2014; Carlone et al., 2014). Data 

analysis for this study will utilize a grounded coding approach whereby thematic patterns 

emerged from the data after its collection. A case study protocol will be implemented to increase 
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research reliability. Multiple sources of data were collected including interviews, observation 

field notes, and classroom artifacts (Yin, 2014). Data from this study included field notes and 

artifacts from two 45-minute classroom observations and descriptive transcriptions of interviews 

with two girls shortly after completing a STEM-focused PBL activity. 

Article Two includes a reflexive thematic analysis that is defined for the purposes of this 

research as a qualitative research method for “identifying, analyzing, organizing, describing, and 

reporting themes found within a data set” (Braun & Clarke, 2006, 2021; Nowell et al., 2017, p. 

2).  This methodology was chosen for this study due to its flexible approach to the analysis of 

complex data as well as its usefulness in generating unforeseen insights and perspectives about 

participants operating within a distinctive situation or context (King, 2004).   

Article Three provides an overview of asset-based community development theory and 

the asset mapping process and applies this approach to the practice of PBL in the context of a 

formal school setting. In addition, this article provides insight into the development of an 

instructional tool that can be used to support educators as they work to leverage every learner’s 

knowledge, resources, and skill sets to best meet the goal of a PBL challenge.   
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CHAPTER TWO: DEVELOPING STEM IDENTITY THROUGH 

PROBLEM-BASED LEARNING: A CASE STUDY 

Interest in experiential learning philosophies, instructional practices, curricula, and 

research has surged in recent years as governments and policymakers recognize the growing 

demand for skilled workers in STEM-related fields (U.S. Department of Labor, 2019). The 

importance of hands-on learning with real-world application in STEM has been recognized by 

organizations such as the Partnership for 21st Century Skills as a way to successfully prepare 

students for the future (2019). Experiential pedagogical approaches such as problem-based 

learning have been shown to foster student engagement in rigorous content through the use of 

authentic, high-value tasks and to integrate engineering and design principles across subject 

areas and grade levels (Blumenfeld et al., 1991; Capraro & Slough, 2013; National Research 

Council, 2000).  

Utilizing a problem-based approach to teach STEM concepts can capitalize on students’ 

preexisting funds of knowledge to promote STEM engagement and increase equity for 

traditionally underserved learners (Gay, 2010; González et al., 2005; Yosso, 2020). Previous 

research examined best practices to cultivate STEM identity in higher education settings to 

address the “leaking STEM pipeline” (Hachey, 2020; van den Hurk et al., 2019). A considerable 

body of evidence has suggested that children’s science identities and future aspirations are 

largely formed between 10 to 14 years of age (Murphy & Beggs, 2005; Tai et al., 2006). An 

examination of the STEM identity formation process that youth experience during their early 

exposure to science presents a research gap (Carlone et al., 2014).   
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Students’ STEM identity is indicative of the way they engage in the disciplinary 

community and demonstrate their self-efficacy and competence in STEM environments 

(Brickhouse & Potter, 2001; Carlone & Johnson, 2007; Tan et.al, 2013). Identity development 

can be viewed as the result of the interaction among psychological/ individual factors, cultural 

factors, and contextual factors of a learning environment (Collins, 2018). Carlone and Johnson’s 

(2007) identity model views the development of science identity as intersectional and context 

dependent. In this view, developing science identity occurs gradually, considers individual traits 

such as race, gender, and ethnicity, and includes three interrelated dimensions: competence, 

performance, and recognition (Carlone & Johnson, 2007).  

Research in science education for underrepresented youth has found that developing a 

strong science identity promotes students’ persistence in STEM, improves academic 

performance, and increases the number of students who complete degrees in STEM-related fields 

(Atkins et al., 2020; Chang et al., 2014; Maton et al., 2016).  An intersectional analysis of 

identity development can provide insight into how factors outside of the classroom such as 

family structure, gender, race, and socioeconomic status have the potential to influence how 

students experience and engage in STEM education (Delgado & Stefancic, 2017; Kim et. al, 

2018).  The purpose of the current investigation was to examine how underrepresented youth 

experience STEM-based experiential learning activities and the meaning of these experiences 

related to their STEM identities.  
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Literature Review 

STEM-Identity: Formal and Informal Learning Environments 

Studies on STEM identity, particularly among traditionally underrepresented students, 

have described several factors that positively contribute to identity development such as 

consistent and positive support from teachers, a learning environment that encourages scientific 

inquiry, and opportunities for students to apply scientific concepts to solve real-world problems 

(Chang et al., 2010; Espinosa, 2011; Miller et al., 2018). Research has also highlighted 

challenges that exist within the context of a traditional science classroom for these students. 

Obstacles include institutional norms that characterized girls’ achievements in science as inferior 

to that of boys (Tan et al., 2013), “one size fits all” instructional approaches guided by science 

textbooks and standardized assessments (Green, 2006), and science educators who limit student 

agency by positioning themselves as epistemic authority figures (Carlone et al., 2014; Miller et 

al., 2018).  

Further, common themes of race, gender, and socioeconomic status are evidenced in 

discourse related to STEM identity formation. Several studies specifically examined the impact 

of race, gender, and socioeconomic status on African American and Latinx youth (Barton et al., 

2016; Evans & Winters, 2005; King & Pringle, 2019; Tan et al., 2013) as they transition into 

their various social, personal, and role identities (Merolla, et al., 2012; Tate & Linn, 2005).  

Research in science education of underrepresented youth has identified that developing a strong 

science identity promotes students’ persistence in STEM, improves academic performance, and 

increases the number of students who complete degrees in STEM-related fields (Atkins et al., 

2020; Chang et al., 2014; Maton et al., 2016).  
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Lave and Wenger’s (1991) situated learning framework has been used as a lens to 

examine the relationship between the narrated (what is said) and embodied (what is done) 

identities of middle school girls as they participated in science activities in both formal and 

informal settings. A situated learning framework views the science classroom as a community of 

practice governed by a socially situated set of norms and rules for participation. It is within this 

community of practice that students begin to author their own identities as they participate in 

activities alongside their peers and with the guidance of their teachers. It is within these spaces 

that conflict may arise between students’ narrated and embodied identities-in-practice as they 

engage in science classrooms that utilize a traditional pedagogical approach (Tan et al., 2013).  

By investigating the relationship between the girls’ narrated and embodied identities-in-

practice, scholars have gained valuable insight into how underrepresented girls occupied 

identities-in-practice that either reinforced or hindered their future aspirations (Archer, 2012; 

Carlone et al., 2011; Tan et al., 2013). Findings indicated that many girls do well in middle 

school science classes and are capable of articulating their desires to enter a STEM-related 

career. However, the formal science settings in Carlone and Tan’s studies did not provide the 

support necessary to help girls reconcile who they said they wanted to be (narrated identity) with 

what they did (embodied identity) in a formal science setting.  

 The structure, expectations, and opportunities provided by the formal classroom 

environment were shown to negatively impact the science identity development of female 

students who previously articulated an interest in STEM as well as those who did not (Carlone et 

al., 2014; Tan et al., 2013). Students encountered numerous obstacles as they began to develop 
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an awareness of their multiple social identities (e.g., gender, race, sexual identity, socioeconomic 

status) and how these identities aligned with norms and practices of a school science classroom. 

Formal science classroom experiences have been shown to shape students’ self-concept and 

impact how they process STEM-focused education and their motivation to pursue STEM as a 

career (Espinosa, 2011; Ortiz et al., 2020).  

Institutional narratives reinforced by classroom teachers often supported recognizable 

social roles for girls that may have impacted the construction of underrepresented girls’ science 

identities and limited their future science aspirations (Barton et al., 2016; Brickhouse et al., 2000; 

Tan et al., 2013). Gaining insight into how students engage in STEM education and the 

relationship between these experiences and the development of their STEM identities is critical 

(Carlone et al., 2014; Tan et al., 2013). Further, research exploring the situational aspects of 

STEM learning experiences and STEM-identity may provide valuable insight into how to best 

support sustained engagement in STEM-related activities for minority youth (Barton et al., 2016; 

Carlone et al., 2014).   

Prior research has indicated that academic success in a traditional school science setting 

often does not promote stronger affiliation and deeper engagement in science in an informal 

learning environment (Carlone et al., 2014; Strong, 2016). Programs that demonstrated the most 

successful outcomes in terms of student participation and learning in STEM were high-quality 

after school activities that engaged students in tasks that were relevant and meaningful to them 

(Barton et al., 2016; Duran et al., 2013; King & Pringle, 2019). These STEM-focused learning 

experiences often involved participation from the outside community (Duran et al., 2013; Strong, 
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2016) in the form of experts providing background knowledge about a particular topic and the 

use of community spaces to house STEM-related activities (Barton et al., 2016; Duran et al., 

2013; Tan et al., 2013). Building partnerships with experts from the immediate area disrupted 

students’ ideas of what it meant to participate in science and allowed students to see themselves 

in that role (Strong, 2016).   

STEM activities that take place in physical spaces that are informed by youth interests 

and ideas have evidenced a significant impact on their level of sustained engagement in STEM-

based activities (Barton et al., 2016; Brickhouse et al., 2000; Strong, 2016, Tan et al., 2013). In 

these spaces, students no longer need to create their own science identities and instead can 

recognize that science is all around them and already embedded in their everyday lives (Archer 

et al., 2012). The most successful after-school STEM activities involved student participation in 

PBL tasks that were relevant and meaningful to their daily lives. Problem-based scenarios led to 

the creation of a useful artifact that addressed a community problem including anti-rape jackets, 

paper circuits, and pamphlets informing the community about green energy (Barton et al., 2016; 

Tan et al., 2013). These informal problem-based STEM learning experiences often required 

students to develop a deep understanding of a concept in order to apply it to real-world domains 

(Christensen et al., 2015; Duran et al., 2014).    

            The community aspect of a STEM-focused PBL approach provided students with a 

proximate social structure defined as the immediate context within which student identities could 

be enacted (Merolla et al., 2012). The intent of community based PBL was to offer a place where 

students could authentically integrate STEM concepts as they searched for innovative solutions 
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to problems that were relevant and meaningful to their communities. The importance of these 

proximate social structures in influencing a student’s level of commitment to his/her STEM 

identity, and the likelihood of carrying this identity from one situation to the next, cannot be 

underestimated (Merolla et al., 2012; Yarrison, 2016). The proximate social structures evidenced 

in informal science settings led to increased commitment and sustained engagement in STEM-

related activities for minority students (Barton et al., 2016; Merolla et al., 2012; Tan et al., 2013). 

STEM-focused experiential learning activities and environments may provide much-needed 

support for minority youth who are often marginalized in the formal school science setting 

(Barton et al., 2016; LaForce et al., 2017). Further research is needed to examine how 

underrepresented elementary school girls’ attitudes and perceptions are affected by STEM-

focused PBL learning experiences (Connors-Kellgren et al., 2016; LaForce et al., 2017; Young 

& Young, 2017).  

Problem-based Learning in STEM 

PBL, an instructional approach employed in STEM, is focused primarily on the inquiry 

process, whereby students explore, deconstruct, and reframe problems as they continually 

integrate new information. A PBL instructional approach requires teachers to take on the role of 

facilitators, affording students opportunities for self-directed learning as they work towards 

gaining a deeper understanding of ill-structured problems (Torp & Sage, 2002). For students, a 

STEM problem-based approach (a) fosters inquiry skills essential for a deeper understanding of 

STEM concepts, (b) develops analytical and creative thinking, and (c) supports collaboratively 
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investigating problems they find relevant to their lives. PBL is an iterative process that provides 

students with opportunities to innovate in STEM-related fields. Authentic STEM-focused 

problems can provide learning opportunities that are relevant and useful to students’ lives 

(Sutton & Knuth, 2017). 

STEM-focused PBL experiences contribute to increased (a) content knowledge (Belland 

et al., 2009; Ertmer et al., 2009; Halvorsen et al., 2014; Parker et al., 2013), (b) student 

engagement (Bevan et al., 2015; Kuh, 2008), and (c) motivation for STEM learning (Barron & 

Darling-Hammond, 2008; Hand et al., 2003). A PBL approach to STEM education can provide 

students with an opportunity to make connections between concepts involving multiple elements 

of STEM in order to identify misconceptions, apply new knowledge to evaluate a problem, work 

towards finding solutions, and reflect on the process as a whole.   

Developing STEM Identity through PBL 

Research that provides insight into the many barriers that impede STEM identity 

development for underrepresented groups in traditional school science settings is critical. The 

cultivation of STEM-identity requires an approach to teaching, learning, and curriculum 

development that validates students’ cultural capital by situating the content within the social and 

cultural context of their lives. Positioning students’ lived experiences, their interests, geographic 

locations, familial and cultural values, and social concerns as central components of a STEM-

focused PBL approach is essential (Wright et al., 2016; Yosso, 2020).   
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The goal of a PBL approach in STEM education is to cultivate deeper learning by 

centering problems within a context that is meaningful to students (Baeten et al., 2010). 

Problem-based learning experiences can utilize students’ cultural capital to solve authentic 

problems that students perceive as relevant and meaningful.  The use of STEM-focused PBL as a 

tool to provide traditionally underrepresented groups with engaging and culturally relevant 

pedagogy has the potential to build STEM-identity, increase achievement, and strengthen future 

aspirations to attain careers in STEM-related fields (Banks et al., 2007; Moll et al., 1992; 

Wilson‐Lopez et al., 2016; Yosso, 2020). 

Theoretical Framework 

 In an attempt to define aspects of the findings as either promoting or limiting identity 

formation, an understanding of how the term identity has been conceptualized in previous 

research is essential (Barton,1998; Brickhouse & Potter, 2001). In this study, the term identity is 

viewed from an interactionist perspective given the social nature of identity formation in a 

classroom setting (Carlone & Johnson, 2007; Gee, 2000). Given that data from this study 

included both observed behavior and narrated experiences, identity is recognized as a construct 

that is developed and performed within a particular context (Jones & McEwen, 2000).  

Carlone and Johnson’s (2007) identity model views the development of science identity 

as intersectional, context-dependent, and composed of three interrelated dimensions: 

competence, performance, and recognition. The use of this science identity model as an analytic 

lens for interpreting data in this study was chosen based on its alignment with the themes that 
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emerged in the coding process. In this science identity model, identity not only encompasses how 

an individual perceives the learning task but also includes how successfully she/he performs it. 

Knowledge and understanding of STEM concepts (competence) strengthens identity only when it 

is performed and recognized by meaningful others whose acceptance influences how students 

perceive themselves in a scientific role.  

Competence indicates a students’ deep understanding of science concepts and content 

knowledge, and its development is often an internal and less visible process (Herrera et al., 

2012). A learner’s belief that she/he possesses the knowledge and skills necessary to successfully 

solve STEM-focused problem-based scenarios demonstrates an example of high competence. 

STEM-focus PBL can provide the learner the opportunity to apply knowledge and demonstrate 

competence while completing a task that she/he perceives as both relevant and meaningful.  

Purpose and Research Questions 

STEM activities that involve problem-based experiential learning practices have 

demonstrated successful outcomes related to STEM-identity formation, particularly when 

contrasted with traditional classroom learning environments (Barton et al., 2016; Carlone et al., 

2014; King & Pringle, 2019; Reyes, 2016). Lack of access to STEM-based learning experiences 

in K-12 environments is one of many possible factors contributing to the gap in STEM 

achievement that continues to persist for minority students attending low-income schools 

(Capraro & Slough, 2013; Barton, et al., 2017; Han et al., 2015).    
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The purpose of this case study is to describe the experiences of two African American 

girls from an alternative elementary school as they participate in STEM-focused PBL within the 

context of a science classroom and the meaning of these experiences for their STEM identities. 

This research site serves students who were previously unsuccessful in a traditional public school 

setting due to academic and behavioral challenges and 80% of the student body is African 

American.  Insight from the data collected in this study may help practitioners better design and 

implement STEM-based active learning problems that promote STEM-identity formation for 

traditionally underserved and underrepresented groups.  

Research questions for this study include the following:  

1. How do two traditionally underrepresented girls attending an elementary school engage 

in a STEM-focused PBL activity? 

2. How do the girls in this study describe their experiences, beliefs, and attitudes about 

STEM after participating in a STEM-focused PBL activity? 

3. How do these experiences relate to the development of STEM-identity for these students? 

Methodology 

The case study herein describes the experiences of two African American girls attending 

a K-5 elementary school as they engage in a STEM-based experiential learning activity and the 

meaning of these experiences for their STEM-identities. The case study examined STEM-

focused PBL as a sociocultural process to gain a deeper insight into participants’ beliefs, 

attitudes, and experiences as they occur in a natural setting within a bounded system (Merriam & 

Tisdell, 2015).  
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Research Site 

An elementary charter school in the southeastern United States was chosen for this case 

study based on its demographic composition (e.g., the majority are underserved and 

underrepresented) and access.  The charter school had a high population of African American 

students; 80% African American, 19% White, and 1% Hispanic. Equally, the school has a high 

percentage of economically disadvantaged students with 84% living in poverty.  

A new school-wide initiative was introduced and included a STEM-focused PBL day that 

was to take place once a week during the science block in every classroom. Problem and project 

topics varied across classrooms and grade levels and were created and implemented by the 

classroom teacher. Topics were chosen to align with content and standards being taught in the 

curriculum at that time or were decided based on current events such as rocket launches or 

hurricanes. The integration of PBL in science was an initiative that teachers began implementing 

three months prior to data collection. 

Positionality  

The background, values, and beliefs of the researcher, and how the participant perceives 

these aspects of the researcher’s identity, can affect how data is collected and the meaning that is 

made from it (Bourke, 2014).  In the interest of reflexivity, the author’s position must be made 

explicitly clear (Hammersley & Atkinson, 1995). My positionality began three years prior to this 

study. I was a founding teacher at the research site where I previously had been employed for 

over six years. As a result, there was a potential for my presence to influence the results of the 

study given my prior relationship with many of the students and teachers. My prior relationships 
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may cause disruptions in the learning environment as I spent two years helping students regain 

control after explosive outbursts. These emotionally charged experiences had the potential to 

trigger certain feelings in the students. I attempted to control for these issues by selecting 

classrooms with teachers I had not worked with and student participants who I had never taught 

or interacted with in a disciplinary context. 

Data Collection 

A case study protocol was used to increase research reliability. Multiple sources of data 

are required in case study research including interviews, observation field notes, and classroom 

artifacts (Yin, 2014). The data for this study included field notes and artifacts from two 45-

minute classroom observations and descriptive transcriptions of interviews with two girls shortly 

after completing a STEM-focused PBL activity.  Audiotaping interviews while concurrently 

taking notes provided an opportunity to revisit what was said as well as reflect on initial 

impressions directly following the interview. Reflective journaling was conducted while initial 

impressions remained fresh and were used to develop ideas and concepts useful for coding 

(Halcomb &  Davidson, 2006).   

An interview protocol (see Appendix A) was developed and analyzed alongside 

observation data and protocols. Interview questions focused primarily on how the students 

described their identities after engaging in what the teacher described as a STEM-focused PBL 

lesson. Questions elicited responses about the girls’ self-perceptions, future aspirations, prior 

experience in STEM settings, and feelings about participating in STEM-related activities. 

https://webcourses.ucf.edu/courses/1263190/files/62585438/download?wrap=1
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Interviews lasted approximately forty-five minutes and included an opportunity for the students 

to complete a Draw a Scientist (DAST) exercise. Member-checking took place after the 

interview concluded as the participants’ responses to each question were paraphrased and 

repeated back to them for confirmation.  

In addition, an observation protocol was developed and included both descriptive and 

reflective field notes. Descriptive notes incorporated primary data from direct observation, while 

the reflective notes included thoughts, questions, and ideas about what was being observed. 

Reflective notes were immediately transcribed through journaling to be used for later analysis. 

Validity 

Validity was addressed through the use of descriptive transcription methods that provided 

metadata and reflection along with the verbatim transcriptions of each recorded interview (see 

Figure 1). Classroom observation notes included factors with the potential to influence the 

environment and a rich description and diagram of the classroom arrangement that demonstrated 

where and how participants were seated throughout the room. Given my knowledge and 

experience working with this population, issues regarding interpretive validity were less likely to 

arise, however cross-checking transcriptions and observation field notes (by the classroom 

paraprofessional and two doctoral students with backgrounds in education) took place as an extra 

precautionary measure. Data was collected from artifacts, observations, and interviews to allow 

for triangulation and provide the ability to gain multiple perspectives on each event. 
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Data Analysis 

Data analysis for this study utilized a grounded coding approach whereby thematic 

patterns emerged from the data after its collection. A theoretical framework was not selected 

prior to the completion of an initial review of the data (Grbich, 2013). A grounded coding 

approach is in contrast to a priori coding that utilizes existing theoretical frameworks to create 

predetermined themes as the basis of content analysis (Corbin & Strauss, 2014; Saldaña, 2015). 

Data analysis of verbatim interview transcriptions, protocols, and reflective descriptions were 

completed, and initial analysis codes were developed. Preliminary codes were based on the 

terminology used by the participants during interviews and descriptive interview transcriptions. 

Recurring patterns and themes were identified and became the general reference point 

throughout the analysis process.   

 After completing the initial stage of data collection, several codes related to STEM 

identity began to emerge. Carlone and Johnson’s (2007) science identity framework was adopted 

as a flexible lens for future data interpretation as initial coding revealed multiple instances of 

words associated with the framework’s three dimensions of science identity that included: (a) 

competence, (b) performance, and (c) recognition. Multiple reviews of transcripts, field notes, 

and artifacts were conducted in an iterative process to ensure evidence supported established 

codes. The relationships between codes were categorized and included several emerging themes. 

The coding process was repeated using descriptive and reflective field notes, protocols, and 

artifacts from two classroom observations.  

Along with Carlone and Johnson’s (2007) identity model, data analysis revealed 

additional frameworks that could provide a useful analytic lens. The juxtaposition of themes that 
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emerged from the observation data (embodied identities) and the data from the interview 

transcripts (narrated identities) illustrated the various ways in which science identity can either 

be promoted or hindered through STEM-focused PBL in traditional science classrooms. Lave 

and Wegner’s (1991) situated learning framework was utilized to address these findings by 

examining the relationship between girls’ narrated and embodied identities-in-practice to provide 

insight into how best to support students as they attempt to reconcile any discrepancies that may 

arise in the process.  

Research from the 1980s that examined children’s perceptions of scientists discovered 

that a majority of children held a gender-stereotyped masculine image of a scientist and science-

related professions (Kelly, 1985). As a result, the Draw-a-Scientist Test (DAST) was developed 

in 1995 and is an open-ended projective test that assesses children's conceptual images of 

scientists (Finson, 2003). A modified version of the DAST was incorporated into the interview 

portion of this study to investigate the images of scientists drawn by the students shortly after 

they participated in a STEM-focused PBL activity. 

Participants 

This study included two African American females in grades 3 and 5, each from a 

different classroom and grade level. Criterion sampling, a purposive sampling method that 

involves the selection of participants based on specific and relevant characteristics, was used to 

select one student from each of the participating classrooms (Patton, 2002; Yin 2014). These 

participants attended a school designated an alternative school by district leaders. The school’s 

mission focused on behavior management and crisis prevention for students whose behavior 
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made it challenging for them to be successful in a traditional school setting. Given that this study 

took place at a school where over 80% of students exhibited behavior difficulties, criterion 

sampling was selected to ensure that the students chosen would contribute to the goal of the 

study by sharing their experiences participating in the STEM-focused PBL activities. The 

criterion for selection included students who were (a) willing to be a part of the interview 

process, (b) participated in the observed STEM-focused PBL lesson, and (c) were members of a 

traditionally underserved and underrepresented population.   

Case study research on identity can provide what Merriam describes as an “in-depth 

description and analysis of a bounded system” (2015, p. 40). Participants in this study were 

defined by unique attributes (girls of minority status learning in a STEM context). For the 

purposes of this research, the units of analysis will be the students who are operating within the 

bounded system of their traditional science classroom (Merriam & Tisdell, 2015). The utilization 

of similar forms of criterion sampling can be found throughout the literature on STEM 

education, particularly in case study research focused on science and STEM identity (Basu & 

Barton, 2007; Buck et al., 2014; Brickhouse, 2000; Carlone et al., 2014).  

The Cases 

Taylor (pseudonym) 

Taylor is a ten-year-old African American female attending an alternative charter school 

serving students who were previously unsuccessful in a traditional public school setting due to 

academic and behavioral challenges.  At the time of this interview, Taylor was living with a 

teacher who worked at the school at the request of her mother. Prior to this arrangement, her 
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mother, brother, and sister were all living out of her mother’s car as she was unable to secure 

stable housing for the children.   

Taylor is currently in the 5th grade and enrolled in at this charter school after leaving her 

previous school two years ago.  At her former school, Taylor struggled to regulate her emotions 

and often disrupted the class with explosive outbursts that included yelling profanity, destruction 

of property, and running out of the classroom and away from school grounds. Prior to entering 

the charter school, Taylor earned Cs and Ds on her report card, scored a level 1 on her 

standardized state Math and Reading assessments, and was often removed from the classroom 

and suspended from school. As a result, she spent the previous year repeating the 4th grade at her 

current school where she earned a level 4 on both state assessments. Upon entering the school 

described in this study, Taylor was evaluated and provided with an individualized education plan 

(IEP) that identified her academic, social, and emotional needs and provided short and long-term 

goals to address areas in need of improvement. Taylor is now performing at grade level in all 

subject areas and has demonstrated improved interpersonal and communication skills according 

to the notes indicated by the teacher on her school report card comments.  

Academically, Taylor demonstrated the most success with assignments that require lower 

order thinking skills such as memorizing, copying, and answering multiple-choice questions. 

These types of skills were assessed every Friday using tests from the ELA and math curriculum. 

When given an assignment that involves higher-order thinking, particularly in the area of reading 

comprehension or math word problems, she often refused to complete the assignment or walked 

out of the classroom to avoid it.  
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Nari (a pseudonym) 

 Nari is an eight-year-old African American female who transferred to this charter school 

from a northeastern state.  She is in the third grade and has attended her current school for four 

months.  Her mother was deported back to Africa when she was two years old. Nari reported that 

she has never met her mother but planned to visit her in the upcoming months. She has been 

raised by her father, also from Africa, and lived with her little sister. Nari reports having many 

other siblings she is not able to see. Four months ago, her father sent her to the southeast to live 

with her aunt and grandmother, and he stayed in the northeast for work. Nari attended this 

particular charter school because her aunt wanted her to be in a smaller school setting. 

 Nari has been described as a hard worker and a joy to have in a class by her teachers.  

She has a C grade point average. However, her teacher indicated she was meeting grade-level 

expectations in all subject areas that year. Nari struggled with focus and often required 

redirection despite her enthusiasm for learning. Standardized test scores were not available as she 

attended a private school before entering this charter school.  Prior to her moving to the 

southeast, her father was very involved in her academic life. He would often bring her to the 

library to check out books related to science and engineering as he was employed as an 

electrician, and science and engineering was a shared interest. She resided with her aunt and 

grandmother who were both nurses at a local hospital.   



 29 

Findings 

Results from this study focused on several aspects related to students’ experiences 

participating in STEM-focused PBL, their beliefs and attitudes about science education, and the 

meaning of their experiences for the development of their STEM identities. 

Classroom Activities 

Although being described as a STEM-focused PBL activity by the teacher, the 

instructional practices observed in Nari’s lesson did not include these elements. Nari’s activity 

consisted of a virtual lab presented synchronously to the entire class on a whiteboard positioned 

at the front of the room and required students to silently record answers and copy notes from the 

board. While Nari’s teacher described the scenario as a STEM-focused PBL activity, data from 

the observation of the lesson evidenced a lack of understanding of the tenets of PBL on the part 

of the educator. 

 Taylor’s classroom activity aligned more closely with the tenets of quality PBL 

(Blumenfeld et al., 1991) in that it incorporated opportunities for students to collaborate and use 

their content knowledge to think critically to solve a problem.  In this lesson, students were asked 

to apply content knowledge about circuits and electricity that they had acquired in previous 

lessons to create a closed circuit using a Snap Circuit Exploration Kit. Students self-selected 

their groups and separated themselves largely according to their gender, resulting in two groups 

of only boys, one group of all girls, and one mixed group that included two boys and two girls. 
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The teacher rotated between the groups providing support when needed but spent over half of the 

lesson attending to a behavior issue with one of the students. 

The design of the STEM-focused PBL task evidenced in this observation provided 

opportunities for students to experience competence and apply prior knowledge in a new way. 

The teacher structured the activity to require students to work in groups of four and allowed them 

to choose their own groups, which provided them with some agency in the process. When 

students were unsure how to proceed, the teacher encouraged them to ask one another before 

coming to her for help. By directing students to their peers to clarify concepts, the teacher 

enabled them to take on the role of an expert and afforded them opportunities to perform their 

competence, both conditions of Carlone and Johnson’s science identity framework (2007), as 

they worked to clarify concepts for group members who needed support.  

Taylor was a vocal and active participant in her group despite announcing her displeasure 

at having to work with others at the start of the activity. She took on the role of a leader by 

enlisting herself to manage the materials and explaining that only her science notes were to be 

used to find information that may be helpful to the group. She received recognition of her 

competence at multiple points throughout the activity. This recognition came in the form of the 

gratitude expressed by a member of her group for her help as well as from both the teacher and 

paraprofessional after her group was first to successfully complete the assignment.  

In contrast, during Nari’s lesson, opportunities to demonstrate competence and perform 

relevant scientific practices were afforded selectively and largely to only the male students. 

Within the context of the observed lesson, there were few instances where students were 
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encouraged to actively participate in the lesson in ways other than responding to questions about 

content displayed on the whiteboard. Lack of opportunity to participate was particularly evident 

for the girls as demonstrated in the first twenty minutes of the lesson when three boys were 

called on to answer questions. Four girls, including Nari, had their hands raised and were ignored 

each time. Many of the male students called upon to respond did not have their hands raised at 

all.  

In another instance, Nari was told to sit on the floor and she began rolling around on the 

ground in the front of the room. Her hand shot up in response to each question and she was 

repeatedly ignored by the teacher. When she was finally called upon to answer a question, three 

boys began an unrelated conversation amongst themselves that drowned out her response. 

Despite her answer being both correct and relevant to the lesson, she was not given an 

opportunity to perform and be recognized for her competence.  A distinct pattern was evidenced 

throughout the presentation of the lesson whereby the teacher would pose a question, call on the 

same “go-to” male student to answer it, and then continue conversing with that student while the 

rest of the class sat quietly with their hands up. Towards the end of the lesson, Nari finally 

attempted to shout out her answer in frustration after her hand was repeatedly ignored. The 

teacher immediately interrupted her, went on to finish Nari’s initial sentence, and proceeded to 

remind her not to call out again.  

This instance provided an example of Nari’s attempt to perform (e.g., communicate her 

understanding of the content by engaging in a scientific discussion) her competence (e.g., 

knowledge of science concepts) which resulted in her receiving no recognition (e.g., 
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acknowledgment of her performance as “science person”) from her teacher, peers, or any 

meaningful other such as the paraprofessional or even myself. A similar scenario played out 

again thirty minutes into the lesson after the students watched a short video about planets and 

orbits. As it played, some of the girls pointed to the board excitedly while talking amongst 

themselves about the planets and how they orbit. At the conclusion of the video, Nari made a 

comment about how much she enjoyed it, and another boy in the class responded to her 

comment, which prompted a short discussion between the two of them as the class watched on. It 

was striking that this was the first-time students had the opportunity to speak to one another in 

what was described by the teacher as a collaborative STEM-focused learning experience.  

The lesson concluded with one final video after which the girl in the front of the room 

asked a question and was told “shhh”, while the boys were allowed to talk over her and talk back 

and forth to one another. The “go-to” male student interrupted the girl and was not told to wait 

his turn and was instead praised for his answer. There was no evidence of the implementation of 

STEM-focused PBL as an instructional practice during the lesson despite the teacher describing 

it as such. In contrast to Taylor’s experience, in Nari’s classroom the role of the teacher was 

simply to disseminate knowledge, reinforcing what Freire (2000) refers to as the “banking 

method” whereby students are viewed as depositories and the teacher is the depositor of all 

relevant information. A one-way exchange of knowledge failed to promote critical thinking or 

any semblance of student agency in the learning process (Wiggan, 2011). 

The narrative reinforced throughout Nari’s science lesson, that being that engaging in the 

practice of science is a one-way exchange of information that flows from the teacher to a 
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selective group of students, served to limit the potential for Nari to experience competence and 

be recognized as a good science student. Gendered stereotypes were reinforced as boys were 

encouraged when they spoke out of turn to answer questions while girls were reminded to remain 

silent.  In contrast, girls and boys were afforded equal opportunities to speak and be heard within 

the structure of the STEM-focused PBL activity in Taylor’s classroom. Taylor was provided 

multiple opportunities to experience all three dimensions of Carlone and Johnson’s (2007) 

science identity model: competence, performance, and recognition. Following these 

observations, interviews with both girls were conducted to better understand how they viewed 

their experiences participating in the STEM-focused activities as well as their perspective on 

their own science identities.  

Narrated Identities in Practice 

Questions posed during both interviews focused primarily on how the students described 

their identities after engaging in what the teacher referred to as a STEM-focused PBL activity. 

Topics included their self-perceptions, future aspirations, prior experience in STEM settings, and 

feelings about participating in STEM-related activities. At the onset of the interview, Nari 

presented as a polite and reserved young woman, which was an image somewhat at odds with 

her observed classroom behavior. Throughout the STEM lesson, she demonstrated her frustration 

verbally by making exasperated sounds when she was ignored and with her body as she rolled 

around on the ground waving her hands in the air whenever the teacher looked in her direction. 

Although it is likely that Nari recognized my presence in the classroom during the lesson, she 
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and I had no prior contact before that day, and she was unaware that I would be interviewing her 

at the conclusion of the lesson. It is possible my positionality as an unfamiliar person was helpful 

in this scenario as there were no previous shared experiences with the potential to influence her 

behavior towards me. She had the ability to define and describe her identity in whatever way she 

chose. 

Unlike Nari, Taylor burst into the interview room with a smile on her face and 

confidently exclaimed, “Let’s do this.” She mentioned that she noticed me circulating throughout 

her classroom during the lesson. She then asked me who I was, what I wanted from her, and if 

this interview was for a grade. These questions set the tone for the remaining 45 minutes as 

Taylor attempted to steer the interview in any direction she chose, abruptly ending a line of 

questioning when she was no longer interested in the topic and expounding on unrelated topics 

when she felt inclined to do so. The juxtaposition between the attitudes and behaviors of these 

two students was evident in their initial exchanges and continued throughout the interview 

process. 

Self-perceptions 

 In order to understand the students’ self-perceptions after participating in a STEM-

focused lesson, they were each asked to say a few things about themselves, describe themselves 

in three words, and provide a rationale for their choices. The first words Nari spoke in her 

interview described her future aspirations for a career in a STEM-related field and her family’s 

shared interest in animals. She explained: 
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I like dogs and cats and want to become a veterinarian to take care of pets and have a 

whole bunch of dogs. We found another dog over the weekend and it was a bulldog and 

we also have a pit bull. 

 

Three words Nari used to describe herself were “fun, kind, and generous” and she provided the 

following rationale: 

I am fun because I like to have parties and invite my friends and have sleepovers. I am 

kind because I help someone with work and when they are hurt. I am generous when I’m 

helpful and I help people a lot. Like Alex, he is usually in class drawing pictures of 

Ninjago, so I help him with his work because he needs help with his work. 

 

Nari’s description of herself demonstrates a positive self-image and that she largely defines 

herself in relation to how well she treats others. Here, her self-perception is based on internal 

aspects of her personality as opposed to outward appearances. It was interesting to note that none 

of her three descriptors referenced school-related topics such as intelligence, aptitude, or 

academic success. These omissions were not particularly surprising given the observational data 

reflected a lack of opportunities for her to perform and be recognized for her competence in 

science during the lesson that took place just a short time prior to the interview.  

Taylor’s responses to the same question were less detailed, more frank, and made it clear 

that she would be the one in control of the discussion. She explained:  

My name is Taylor and I am in the 5th grade. I go to this school here. I have two brothers 

and one sister and my favorite color is purple. I don’t have nothing else to say about me 

now. 
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Three words Taylor used to describe herself were “smart, beautiful, and awesome” and she 

provided the following rationale: 

I’m smart because I get good grades and get hundreds on all of my weekly reading tests. I 

am beautiful because I know I am and people always tell me that. I am awesome. I don’t 

know what else to say about that. 

  

Similar to Nari’s response, Taylor demonstrates a positive self-image. However, while Nari’s 

narrated identity is defined by the things she does for others, Taylor’s is largely defined by how 

others respond to her.  She is smart not because she has a lot of knowledge but because she 

performs her knowledge for others through testing. She is beautiful because others tell her that is 

true, and she believes she is awesome but isn’t quite sure why. In the context of her participation 

in a STEM-focused lesson, praise from meaningful others in the classroom provided her the 

recognition she required to view herself as successful in a science role.  

 Taylor’s positive feelings about school frequently referenced her ability to do well on 

tests rather than acquire knowledge. When asked to list her academic strengths she responded: 

I feel like I am really good in reading and I used to be good at math. This year I’m not 

good at math anymore because it’s just too much stuff you gotta learn. I’m just tired from 

all that stuff. It was good last year because I did 4th grade two times and so I got good 

grades because I already knew everything.   

 

Taylor indicated that reading was her favorite subject because it was “fun”, however she has no 

memory of what stories she’s read or why she enjoyed them. She said she enjoyed reading 
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because she was able to take a test each week and get all the questions correct.  When asked 

about her feelings about science she responded: 

I like projects but I hate working with other people because I like everything to be perfect 

and like my way. I get really mad when people don’t want to do the things the way I want 

them done. Sometimes I just stop working and sometimes I get really mad and don’t earn 

my points. I just want to do projects by myself so they are perfect. 

All of these statements reiterate the idea that Taylor values her academic performance, often 

measured by a test or project grade, and the recognition she receives as a result of it. Of less 

importance is her perceived competence related to her knowledge and understanding of the 

material. 

Future Aspirations 

When Nari was asked about her future professional aspirations and whether she knew 

anyone working in STEM-related fields. She responded: 

I want to be a vet. My grandmother works at the hospital and my auntie also works at the 

hospital and me and my dad have three dogs. I have been to my grandma’s job but not 

my aunties. I went with my aunt to get her shot at the doctor’s office. I also went to my 

grandma’s job at the hospital. My stepmom also came with me and so did my grandpa. 

My auntie comes back from work wearing a nurse’s shirt. My dad works as an electrician 

and he fixes electricity. I went to my dad’s job before and he had boxes all over. My baby 

sister came too and I had to carry her the whole time. 
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As evidenced in the data from this interview, Nari’s family demonstrated a positive influence on 

her ability to recognize herself as a legitimate scientific person worthy of aspirations to attain a 

career in a STEM-related field. However, Nari’s responses to questions related to her self-

perceived academic strengths indicated her belief that she held a low level of competence in 

math as a subject area, which she felt influenced her ability to be a successful scientist. She 

explains: 

In math, when we do two-step word problems it is confusing because I need help with 

what operation to use. You have to do dividing and subtracting and sometimes both. I 

feel like I don’t need math to do science but then I watched the movie about the first 

woman to go to space. I watched it and she was doing math so I guess you have to know 

it. 

STEM Experiences 

When focusing only on the subject of science, Nari appeared to have a high degree of 

perceived competence. However, when math was included in the performance of science, her 

level of perceived competence decreased as evidenced in her response then asked about her 

academic strengths. Nari’s reference to a film depicting a woman, particularly an African 

American woman, in a STEM context performing science through the use of math illustrates the 

potential influence that representative images may have had on her acceptance that mathematical 

skills are necessary for aspiring scientists.  The characters portrayed in the film can be viewed in 

the context of Carlone and Johnson’s (2007) identity model as engaging the performance of 

science. The very presence of African American females serving as leaders in STEM-related 
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fields in a mainstream film upends the traditional, prototypical narrative used to define how a 

STEM authority should behave, how they should look, and the way they should speak. 

Representations in media can promote STEM identity as they allow underrepresented groups to 

align themselves with a scientific identity (Steinke, 2017; Dou et al., 2019).  

This sentiment is evidenced in Nari’s description of the central character in the movie 

Hidden Figures: 

She went to outer space and she tried to save a person because he was heading to outer 

space where there was a meteoroid but before she could save him she had to do some 

math. The actor and her three friends had long black hair in a ponytail and she had brown 

skin. 

 

A few aspects of this response are worth noting.  In her response, Nari provides a detailed 

description of the physical traits of the female scientists portrayed in the film, including the color 

of their skin and the way they wore their hair.  The very mention of these traits in response to an 

unrelated question indicates they are noteworthy and meaningful to her. One possible 

explanation for the salience of these details is just how novel they are in mainstream STEM-

focused films, particularly those about space travel. The story of these African American female 

scientists may have provided an opportunity for Nari to better align herself with a science 

identity.  

Embedded with the prototypical social context of a scientific community are specific 

expectations and norms required for participation (Shanahan & Nieswandt, 2009). In her 

response, Nari mentions that the female scientist had to help her male colleague avoid an 
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impending meteor attack. Although subtle, the mention of this female scientist rescuing a male 

astronaut defied the role of the male as the prototypical savior.  Nari’s attention to this detail may 

be a recognition of its misalignment with the expectations and norms typically required to 

successfully participate in the scientific community. When asked about how she felt after she 

viewed the film, she responded: 

I felt excited because I had to watch that movie for science and I had to tell about 

someone in the past who was the first person to create or do something. The teacher said 

we could watch any movie and my dad chose for us to watch this movie. 

In this instance, Nari’s former teacher gave her the option to choose any movie about a 

trailblazing scientist for her project. The opportunity to exercise agency over her learning was 

then supported by the guidance of her father as he chose a movie, he felt would be meaningful to 

her. His potentially positive influence in the development of her STEM identity was further 

evidenced in the following exchange where she was asked what types of jobs she spoke about 

with her father. 

Interviewer: What kind of jobs does your dad to talk to you about [besides a vet]? 

Nari: He talks to me about becoming a lawyer or like the first girl to become the President 

or something like that. 

Interviewer: So your dad believes that you could do anything. 

Nari: He said I can do anything if I try. 

Taylor was asked about her future professional aspirations and indicated her desire to 

become a lawyer. When pressed as to why she chose that profession, she indicated that she had 

seen lawyers frequently on TV (CSI and SUV were her favorite programs) and enjoyed watching 
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criminals go to court and lawyers having to solve their cases. When asked what she believed 

lawyers did in practice, Taylor responded, “I don’t really know what they do but I want that. I 

want to argue in court.” Although she does not mention it in her interview, Taylor’s teacher 

indicated she spent a substantial amount of time with lawyers and in courthouses over the past 

year due to the custody hearings related to their family’s homelessness and the arrest of close 

family members. It is unclear whether these experiences influenced her response.  

Perceptions of STEM 

As the interview commenced, both students were asked to complete a Draw a Scientist 

(DAST) exercise to gain insight into their perception of what a prototypical scientist looked like 

as well as the types of environments where she believed science took place (See Figure 1).  They 

were each provided white paper and markers that included the four different options for skin tone 

(peach, light brown, dark brown, and black) in addition to the customary colors offered in a 

typical pack of markers. The same colors were offered in crayon form and the color white was 

added. Nari chose dark brown for the scientist’s skin color, she drew her in a pink shirt, and 

placed her within the setting of a traditional science lab complete with safety goggles and a 

beaker. 
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Figure 1: DAST drawing by Nari 

Taylor’s illustration was of a male figure with white hair and a white lab coat standing 

next to a set of different color beakers. After completing the initial outline, Taylor realized how 

difficult it was to see the white crayon on the white paper.  She became visibly frustrated, walked 

across the room, picked up a black sharpie marker, and attempted to color around the white area 

(See Figure 2). When asked what she was doing the following exchange took place: 

Interviewer: Are you using black as the color of his skin?  

Taylor: No, you can’t see the white on the white paper.  

Interviewer: What color skin does he have? (sighs loudly)  

Taylor: It doesn’t matter what color skin he has. Why you ask me that?  

Interviewer: I am just trying to understand more about your drawing.  

Taylor: It don’t matter. He is brown then.  

She then takes a brown crayon and draws a brown face on top of the marker. 
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Figure 2: DAST drawing by Taylor 

After drawing a brown outline for the face, she then picked up the black sharpie and colored over 

the entire image. When asked to describe what kind of person she thought becomes a 

mathematician or scientist, Taylor responded, “Old guys do. The ones with the white hair, I 

guess. Like the ones in that old ass movie when they go in a time machine. I seen it on TV.” 

In contrast, when Nari was asked what kind of people she thought would become 

mathematicians and scientists. She responded, “people who are great at science.” In these words, 

lies the belief that science is an inclusive community of practice for all “who are great at 

science” regardless of gender, race, or socioeconomic status.  Nari’s statement demonstrates the 

influence of meaningful others on Nari’s science identity. Positive influences exist outside of the 

traditional science setting in informal STEM contexts and serve to mitigate the messages sent 

within the classroom that could limit her ability to develop and strengthen her STEM identity. 
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Discussion 

 Research has consistently shown that school science settings have the potential to 

influence students’ science interest and identity (Barton et al., 2016; Brickhouse et al., 2000; 

Wright et al., 2016). In this study, Carlone and Johnson’s (2007) science identity model was used 

as an analytic lens to examine the experiences of students as they participated in STEM-focused 

PBL experiences. Through an examination of the relationships between the data and the larger 

research questions, factors unrelated to participation in STEM-focused PBL continued to emerge 

as potential contributors to the development of STEM identities for Taylor and Nari.   

  A problem-based learning approach to STEM education has been shown to promote a 

deeper understanding of underlying concepts as the learner is encouraged to build his/her own 

theories throughout the learning process (Wiek et al., 2014). When implemented in accordance 

with established research-based principles, a teacher utilizing PBL as an instructional approach 

acts as a facilitator supporting students as they work to solve complex problems that are often 

interdisciplinary in nature (Boud & Feletti, 1997).  PBL in its authentic form can provide a 

proximate social structure for students to experience all three dimensions of Carlone and 

Johnson’s (2007) science identity framework. Unfortunately, the absence of PBL principles in 

the traditional science classrooms in this case, as evidenced in observation data from both 

classrooms, has the potential to limit science identity formation for underrepresented youth in 

STEM. 

 One goal of a PBL approach to teaching STEM is to provide student opportunities to 

utilize their cultural capital to think critically as they work to solve problems they perceive as 

meaningful to their own lives (Moll et al., 1992; Wilson‐Lopez et al., 2016; Yosso, 2020). Data 
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from this study found that although activities were described as STEM-focused examples of 

PBL, they did not meet these criteria when enacted in the classroom. Neither teacher connected 

students’ lived experiences to the scientific concepts and problems addressed in the lessons. In 

Nari’s classroom, the lesson on space had the potential to engage learners in higher-order 

thinking and problem solving by incorporating a STEM-focused problem-based task related to 

space travel. Nari’s description of the impact that the film Hidden Figures had on her perceptions 

of who can be a scientist illustrates how easily content knowledge about objects in the solar 

system can become relevant and meaningful to students.  

Nari’s space lesson followed a traditional instructional model where the teacher remained 

in the front of the classroom and disseminated information to all students who then copied her 

words into their notebooks. A unilateral approach to questioning was implemented so that all 

questions originated from the teacher and were answered by a student of her choosing.  

Observation data from Nari’s activity demonstrated a lack of support within the proximate social 

space of her school science classroom as evidenced in her many failed attempts to demonstrate 

her competence and the negative feedback she repeatedly received as a result of these attempts.  

Taylor’s STEM-focused activity afforded more opportunities for students to perform 

competence and receive positive recognition from peers and the teacher. However, the task was 

not supported by a problem-based scenario that incorporated the interests and lived experiences 

of the students. The assignment lacked essential components of PBL such as an ill-structured 

problem to examine, the opportunity for students to explore issues related to the content, time 

and space for students to investigate solutions, or a means of presenting and sharing work with 

peers (Gwee, 2009; Laforce et al., 2017; Tawfik, 2014). The disconnect is clearly demonstrated 

in Taylor’s response to a question about her experience participating in the STEM activity. When 
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asked to describe what the task was about, she responded, “I used circuits to make lights work. 

We had to put them together, so it worked. It’s like electric stuff.” In reality, she simply followed 

the directions on the back of the Snap Circuit box.  

Despite the positive structural aspects of the lesson (cooperative work, collaboration, 

autonomy, positive feedback), the activity failed to encourage the critical thinking and problem-

solving benefits associated with problem-based experiential learning activities. Students’ 

knowledge about electric circuits was not utilized to make the light turn on (competence). The 

only scientific practice they were able to perform was snapping pieces together (performance), 

and while groups were recognized by the teacher for successfully completing the task this 

recognition was not tied to their understanding of the content (recognition).   The lesson 

presented a missed opportunity for students to experience any of Carlone and Johnson’s science 

identity dimensions.  

  In Nari’s case, proximate social structures found to contribute to her identity in this 

study did not involve aspects of the school science classroom, but informal contexts such as her 

family and their professional communities. The influence of proximate social structures, as 

evidenced in her references to visiting the STEM-related job sites with multiple family members, 

supported her as she enacted her identity as a person capable of taking on a science role (Stryker 

et al. 2005; Serpe & Stryker, 2011).  The occupations of Nari’s immediate family members and 

the role of parental expectations and encouragement appeared to positively impact her ability to 

view a STEM-related career as attainable.   

One unexpected outcome of these results was that Nari, who was so often ignored and 

silenced by her teacher, expressed a stronger STEM-identity than Taylor’s teacher who actively 

encouraged and positively recognized her participation throughout her lesson. For Taylor, the 
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norms and expectations of PBL, particularly aspects such as collaboration, critical thinking, and 

problem-solving, did not align with her view that science results should be “perfect” and 

completed in isolation.  It is within the context of a traditional science instructional model that 

her performance aligned best with the teacher’s expectations (attain a high grade) and where she 

received consistent recognition in the form of praise related to her weekly test scores.  

In contrast, Nari had a high level of competence in the area of science as evidenced by 

the correct answers she yelled out throughout the lesson and her unit test grades. However, she 

did not experience the benefits of her competence and knowledge of planets and orbits. She was 

not afforded an opportunity to successfully perform scientific practices that could have 

demonstrated her understanding, nor did she receive positive feedback from meaningful others 

during her science lesson. While her participation may not be recognized or appreciated in the 

classroom, school is not the only exposure she has to the scientific community. Through her 

connections to meaningful others, Nari had multiple opportunities to experience science in 

practice within informal spaces as well as professional settings. The norms and expectations of 

these proximate social structures better aligned with her own science identity, as evidenced in 

her interview responses and DAST artifact.  

Conclusions and Implications 

A problem-based approach to learning is anchored in constructivist theories that view 

knowledge as created by the individual, shared through exchanges between the learner and 

his/her environment, and developed by communicating in a social environment (Barron & 

Darling-Hammond, 2008; Boaler & Staples, 2008; Crotty, 1998). When properly implemented, a 



 48 

problem-based learning instructional approach can provide opportunities for students to actively 

construct knowledge, exchange ideas with others in their peer group, and receive external 

recognition from meaningful others is necessary to strengthen science identity over time 

(Carlone & Johnson, 2007; Lave & Wegner, 1991). Unfortunately, despite both teacher’s 

intention to implement a PBL approach, the classroom observations were not able to provide 

insight into how students engage in STEM-focused problem-based learning experiences as PBL 

was not evidenced in either teacher’s instructional practice. Future research that examines 

potential barriers to the successful implementation of PBL, including teacher knowledge gaps 

and the constraints of a traditional science classroom setting, is needed so that students from 

traditionally underrepresented groups have the opportunity to experience quality STEM-focused 

PBL.  

An analysis of the interview transcripts related to both students’ experiences, beliefs, and 

attitudes towards science demonstrated the influence of people and settings outside of the school 

science classroom on their STEM-identity. Prior research has demonstrated the influence of 

media on identity formation, particularly its effect on science identity (Campbell et al., 2019; 

Fraser et al., 2014; Gauntlett, 2008; Steinke, 2017).   Both students in this study used references 

to television shows and movies in response to questions about future aspirations and perceptions 

of a prototypical scientist.  Popular culture influenced the students’ perceptions of what a 

scientist looked like, where science took place, and the types of skills required to become a 

scientist. Best practices for incorporating stories and images of traditionally underrepresented 

groups in STEM settings through the use of media should be explored in future research.  

Findings can be used to inform instructional practice as well as the selection of instructional 

materials that support the development of STEM identity in a traditional science classroom.  
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CHAPTER THREE: TEACHER SELF-EFFICACY AND INNOVATIVE 

REFORM 

Educators and policymakers advocate to increase STEM content and to develop 21st-

century skills such as the ability to think critically, collaborate, and problem-solve (Edmunds et 

al., 2017; Partnership for 21st Century Learning, 2019). Problem-based learning (PBL), a 

common experiential instructional practice, has been implemented in science, medicine, and 

engineering courses for over 40 years (Barneveld & Strobel, 2009). Problem-based learning is 

anchored in the constructivist theories from the early 20th century views knowledge as created by 

the individual, shared through exchanges between the learner and his/her environment, and 

developed by communicating in a social environment (Crotty, 1998). A problem-based approach 

in teaching has been utilized to create authentic student learning experiences that can be applied 

across the curriculum to support higher-order thinking skills (Aldabbus, 2018; Bell, 2010; 

Blumenfeld et al., 2000). 

 The implementation of PBL relies on teachers’ expertise as they determine how and if 

constructivist-based instructional strategies will be applied in practice (Beck et al., 2000). Prior 

research suggests that teachers’ self-efficacy beliefs influence their interpretation and 

implementation of curriculum and that these beliefs should be explored when investigating 

innovative reform efforts such as PBL (Pajares, 1992; Tobin et al., 1994). Problem-based 

learning initiatives require significant effort on behalf of educators as they must present the 

required content as well as facilitate students in the process of developing objects to demonstrate 

their knowledge and understanding of a given topic (Blumenfeld et al., 1991; Ravitz, 2010). The 

degree to which individual teachers are able to understand the concept of constructivism has also 

been shown to be a powerful determinant of whether a constructive approach such as PBL will 
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be implemented effectively in the classroom (Oakes et al., 2000; Windschitl, 2002). Planning 

and implementing innovative instructional models challenge teachers to demonstrate the same 

persistence, effort, and resilience they often ask of their students.  As such, teachers’ self-

efficacy beliefs and motivational orientations warrant consideration when exploring what factors 

may contribute to the success or failure of problem-based STEM initiatives.  

 Strong self-efficacy beliefs have been shown to impact the degree of persistence and 

effort educators dedicate to achieving a desired outcome in the face of adversity (Bandura, 

2000). Examining self-efficacy in task-specific science, technology, engineering and math 

(STEM) environments may help researchers better understand teachers’ self-perceptions about 

their ability to take a PBL approach to teaching STEM content and how these beliefs influence 

the implementation experience (Bandura, 1995; Pajares,1996). Teachers who demonstrate high 

self-efficacy beliefs feel more positively about implementing constructivist instructional 

approaches such as PBL (Chichekian & Shore, 2016).  

The variation of teachers’ self-efficacy beliefs related to STEM-focused PBL should be 

explored given the domain-specific and often interdisciplinary tasks embedded throughout a 

STEM-focused project. For instance, a teacher can have high efficacy beliefs about her ability to 

teach the mathematical components of the challenge but feel less competent in teaching the 

engineering aspects of the same project. Understanding beliefs is critical as self-efficacy has 

been attributed to the teachers’ improved understanding of STEM concepts and content as well 

as self-confidence in their ability to incorporate constructivist pedagogical practices (Narayan & 

Lamp, 2010). 
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Significance of the Study 

Much of the extant research related to the implementation of PBL has examined the 

larger school-wide barriers to the successful implementation of STEM-focused PBL which 

included: (a) inadequate time to plan (Condliffe et al,, 2015), collaborate (Tamim & Grant, 

2013), and deliver instruction (Blumenfeld et al, 1994); (b) lack of materials (Aldabbus, 2018); 

(c) classroom management concerns (Wang & Schwille, 2008); and (d) a school culture that 

places a high value on standardized test scores (Zhukova, 2018). An examination of a high-

performing elementary school in its first year implementing a school-wide PBL initiative 

presents a unique opportunity for research as many common barriers to implementation should 

seemingly be removed.  

Teachers serve as the linchpins of successful innovative education initiatives (Fullan, 

2015). A myriad of factors play a role in how PBL is implemented and its sustainability as a 

pedagogical approach (Tsai, 2002; Windschitl, 2002). However, an examination of the sources 

and influence of an educators’ self-efficacy warrants further exploration as new concepts may 

emerge related to the teacher experience that can inform the preparation and practice of future 

educators (Condliffe et al., 2015; Permatasari, 2019; Thomas, 2000).  

An instructional position becoming increasingly popular in traditional public, charter, and 

magnet schools across the country is that of a specialized STEM teacher (National Science and 

Technology Council, 2020). This position, as defined for the purpose of this research, is one in 

which a single teacher provides all students in grades K-5 a year-long problem-based STEM 

course. Currently, there is an absence of research examining teachers who exhibit a strong degree 

of self-efficacy as classroom teachers transitioning to new instructional positions and leading 
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innovative programs from the ground up. Therefore, understanding the experiences of the 

teachers engaged in problem-based learning initiatives at the classroom level is critical (Pecore, 

2012).  

Research Aim and Purpose 

This research describes the experience of a model teacher at a high-performing STEM-

focused elementary school as she implements PBL in the first year of a school-wide STEM-

focused reform initiative.  It aims to examine teachers’ self-efficacy and provide insight into 

ways to strengthen efficacy and increase confidence and motivation to implement innovative 

reform initiatives (Rosenholtz, 1989).  Findings from this study may provide classroom teachers, 

administrators, district leaders, and state policy-makers insight into how school resources can be 

leveraged to select and support model teachers as they implement experiential reforms. This 

research may offer guidance to administrators tasked with choosing model teachers and school 

leaders to support and promote PBL reform efforts that are practical, productive, and sustainable. 

Literature Review 

Self-efficacy and the Teacher Experience 

The ways in which educators interpret their practice in relation to student learning has 

been shown to directly influence their instructional choices (Ernest, 1989; Lumpe, et al., 2012; 

Nespor, 1987; Pajares, 1992; Richards et al., 2001; Roehrig & Luft, 2004). Self-efficacy theory 

is a well-established concept from the field of behavioral science and a valuable resource for 
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examining instructional practice, particularly in relation to innovative reform efforts, as these 

theories aim to explain and predict future behavior (Posnanski, 2002; Ramey-Gassert et al., 

1996). For the purpose of this analysis, self-efficacy is defined in terms of a person’s perceived 

ability to achieve specific outcomes that are both task and situation specific (Pajares, 1996). In 

self-efficacy theory, a person’s beliefs become a critical and explicit explanation for their 

motivation (Bandura, 1997). People with a strong sense of self-efficacy tend to welcome 

challenges, recover more quickly from setbacks, and develop a deeper commitment to interests 

and activities (Smith, 2001).  

Teacher efficacy beliefs and beliefs about teaching and learning are often expressed 

through the enactment of instruction (Pajares, 1992; Peterman, 1993; Tobin, 1993; Tschannen-

Moran et al., 2001). Prior research has demonstrated efficacious teachers are more inclined to 

innovate and are more comfortable operating outside of traditional pedagogical norms (i.e., 

teacher-led, textbook-based instruction), while teachers with lower degrees of self-efficacy tend 

to follow prevailing teacher-centered practices and resist taking risks-taking (Nie et al., 

2012).  Teacher efficacy is a particularly relevant theory when it comes to the implementation of 

innovative programs such as a dedicated STEM-focused PBL course as efficacy is considered 

dependent on a specific context and is often linked to broader innovation implementation efforts 

(Tschannen-Moran et al.,1998). Teacher efficacy has been shown to influence an educator’s 

motivation to successfully organize, develop, and implement strategies in order to accomplish a 

specific goal in a particular context (Caprara et al., 2006). 

In order for innovative teacher-led initiatives to be successfully implemented and 

sustained, it is necessary for educators to be self-efficacious in their approach to the initiative 

(Major et al., 2017).  In addition, antecedent experiences have been shown to influence the 
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development of teacher self-efficacy particularly in the area of science education (Dembo & 

Gibson, 1985; Skaalvik & Skaalvik, 2007).  The relationship between self-efficacy and 

antecedent experiences related to science teaching and learning can illustrate how these 

experiences can either enhance or hinder teaching efficacy and can inform professional 

development programs designed to promote and support new initiatives (Ashton, 1984).    

Problem-based Learning in STEM Education 

Problem-based learning (PBL) is a student-centered approach that requires learners to 

research a defined question, incorporate both conceptual and concrete knowledge throughout 

their investigation, and apply this new information to problem solve and develop solutions to 

address the issue (Savery, 2015). In this context, learning is often facilitated by a guide who 

supports students as they work to solve complex problems that are often interdisciplinary in 

nature (Boud & Feletti, 1997). A problem-based learning approach promotes a deeper 

understanding of underlying issues as the learner is encouraged to build his/her own theories 

throughout the process (Wiek et al., 2014).   

Problem-based learning is based on the constructivist model of teaching and learning and 

has four main elements that include: (a) an ill-structured problem that is likely to generate a 

variety of hypotheses and approaches to problem solving, (b) a self-directed, student-centered 

approach to instruction whereby students largely determine the information they need to solve a 

problem and seek out relevant sources of information, (c) educators who assume the role of 

facilitators in the learning process, (d) and authentic problem that are connected to real-world 

contexts (Savery, 2015; Torp & Sage, 2002; Wells et al., 2009).  A problem-based approach to 
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STEM education can provide students with an opportunity to make connections between 

concepts involving multiple elements of STEM in order to identify misconceptions, apply new 

knowledge to evaluate a problem, work towards finding solutions, and reflect on the process as a 

whole.   

Problem-based learning in the context of STEM education is focused on the process of 

inquiry and prompts students to examine, deconstruct, and revise problems while continuously 

evaluating and integrating new information (Wells et al., 2009). A STEM-focused approach to 

PBL has been shown to (a) cultivate the inquiry skills necessary to develop a deeper 

understanding of STEM concepts, (b) develop and reinforce analytical and creative thinking, and 

(c) support social and emotional skills such as cooperation and collaboration through the 

investigation of authentic problems that are often interdisciplinary in nature (Barrows, 2002).  

STEM-related fields such as engineering and medicine require adept problem solvers 

who are able to apply their knowledge and skills to analyze, design, and develop solutions to real 

world problems (Dischino et al., 2011).  Problem-based STEM learning experiences can support 

students in developing these skills and provide educators an opportunity to link STEM concepts 

to local issues. By encouraging student engagement in the larger community, STEM-focused 

PBL challenges can also serve as a bridge to connect students to resources and networks they 

would not have access to otherwise.  



 56 

Methods 

Research Design 

This study is one part of a larger exploratory case study that examined the 

implementation of experiential learning as a sociocultural process to gain a deeper insight into 

participants’ beliefs, attitudes, and experiences as they occur in a natural setting within a 

bounded system (Merriam & Tisdell, 2015). Quantitative approaches to self-efficacy dominate 

much of the research in this area, with a majority of studies utilizing either experimental or 

correlational designs (Klassen et al., 2011; Tschannen-Moran & Hoy, 2001; Wheatley, 2005). 

Given the context-specific, multifaceted nature of the construct, quantitative methods may not 

always provide an appropriate framework for understanding the complexities of teacher beliefs 

and behaviors (Klassen et al., 2011; Labone, 2004).  

In qualitative research, capturing meaning from the perspective of the participant is 

essential (Merriam & Tisdell, 2015). This study fulfills two essential tenets of qualitative 

research in that it includes a rich description of the context surrounding implementation and aims 

to understand the participants’ behavior from his/her own frame of reference (Wolcott, 2008). 

While the aim of this inquiry is not to generalize these experiences to all teachers, it does seek to 

gain practical knowledge that can inform future practice and professional development related to 

experiential learning in the classroom.  

This study was designed to examine the implementation of experiential learning as a 

sociocultural process to gain a deeper insight into the participant’s beliefs, attitudes, and 

experiences as they occur in a natural setting within a bounded system (Merriam & Tisdell, 

2015). The present study uniquely addresses teachers’ self-efficacy in STEM-based PBL 
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environments at a school in its first year of a school-wide STEM initiative. While evidence 

collected for this research included both direct observations and voluntary semi-structured 

interviews, this study will describe only the interview transcripts as a means of gaining insight 

into the implementation process from the teacher’s perspective. 

Positionality 

In qualitative studies, instruments such as surveys, inventories, and questionnaires are 

often supplanted by the researcher as she/he becomes the instrument used to mediate and collect 

the data (Bogdan & Biklen, 1992; Denzin & Lincoln, 2003; Hatch, 2002). Researchers across a 

variety of disciplines and contexts bring their personal values and beliefs into their work in the 

field. Qualitative researchers are compelled to not only acknowledge this fact but to also make 

known their values and beliefs and the potential significance they may have in the context of the 

study (Creswell, 2013).   The background, values, and beliefs of the researcher, and how the 

participant perceives these aspects of the researcher’s identity, can affect how data is collected 

and the meaning that is made from it (Bourke, 2014).  

There are a number of factors that can impact how the data is mediated given the many 

years the researcher spent as an active participant in environments quite similar to the site of her 

study.  It is important to make clear that the author approaches this study with her own ideas 

regarding classroom management, discipline, pedagogical methods, experiential learning, and 

teacher evaluation and training. Inevitably, her values, beliefs, and assumptions will affect her 

interpretation of the phenomenon.  
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A researcher-informant relationship is an additional characteristic of this study that has 

the potential to influence data collection and analysis. The author has observed the participating 

teacher in the past as part of her doctoral coursework and has developed a professional 

relationship with her prior to embarking on this study.  It is also necessary to disclose that the 

author’s children attend the school in this study and are both students in the participant’s weekly 

STEM class.  

In this reflexive thematic analysis, the positionality of the researcher has the potential to 

serve as both a strength and a challenge. The relationships and trust that have been established 

can potentially afford the researcher an opportunity to develop a deeper understanding of the 

perspectives and experiences of the participants. On the other hand, the researcher’s 

preconceived ideas and assumptions can also influence the data analysis process.  In an effort to 

bracket personal experiences from that of the participants, the researcher engaged in self-

examination by writing a rich description of her own experiences prior to the data collection 

process (Marshall & Rossman, 2014).  

Data Analysis 

 A reflexive approach to thematic analysis underscores the active role of the researcher as 

a producer of knowledge and codes are understood to correspond to the researcher’s 

interpretations of the patterns of meaning found throughout a dataset (Byrne, 2021). Through the 

use of reflective practice, researchers become aware of their positionality and reflect on the 

biases, assumptions, and expectations they bring to the research (Creswell, 2013; Johnstone, 
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2007).  In the interest in reflexivity, the author’s “position” must be made explicitly clear 

(Hammersley & Atkinson, 1995).  

Bracketing, or epoche, exercise was conducted prior to data collection to ensure the 

researcher was aware of how her own experiences may have influenced the data collection 

process (Creswell, 2013).  Achieving perfect epoche is a challenging task (Moustakas, 1994). 

However, the process of active reflection can mediate the extent to which the researcher’s 

personal assumptions and beliefs interfere with their ability to delimit the topic of study from 

their personal experiences. A description of the researcher’s own educational background and 

experience as an educator, trainer, and administrator is necessary as it directly relates to the 

phenomenon being studied. In addition, a discussion regarding how the researcher’s past 

experiences could influence data interpretation is also required.  

An interview protocol was used to increase research reliability and four semi-structured 

interviews were included in the data analysis process (See Appendix B). A reflexive thematic 

analysis, defined for the purposes of this research as a qualitative research approach for 

“identifying, analyzing, organizing, describing, and reporting themes found within a data set” 

(Nowell et al., 2017, p. 2), was chosen for this study due to its flexible approach to the analysis of 

complex data as well as its usefulness in generating unanticipated insights about participants 

operating within a distinctive situation or context (Braun & Clarke, 2006, 2021; King, 

2004;).  The aim of reflexive thematic analysis is to determine themes, or patterns of meaning, 

found throughout a dataset to gain insight into the perspectives and experiences of research 

participants and how these perceptions relate to the research questions presented in this study 

(Clarke & Braun, 2013). Thematic analysis is appropriate for this study given that its purpose is 
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to capture, in detail, the teacher’s complex reality as it unfolds throughout the process of 

implementation.   

Braun and Clarke’s (2006) theoretically flexible six-phase approach to reflexive thematic 

analysis was utilized in this study.  Multiple approaches to reflexive thematic analysis can be 

employed throughout the course of a study. These variations include a deductive process, 

whereby codes and themes are informed by a theoretical framework and based on existing 

concepts, and an inductive approach to coding that is driven primarily by the content of the data 

(Braun & Clarke, 2020). This study includes a deductive theoretical approach to data analysis to 

capture relevant aspects of the data that addressed the aims of the research presented in this 

study.   

 An IRB was approved by the researcher’s University prior to the data collection 

process.  After University approval was obtained, a request for permission to conduct research at 

the school site was submitted to the district for consideration. The district granted permission for 

the study and allowed the researcher to collect data at the site. Preliminary data analysis 

commenced after initial interview data were collected, transcribed, and reviewed for accuracy by 

the participant through the process of member checking. Phase One of the analytic process 

followed in this study involved becoming familiar with the data through the process of listening 

and transcribing audio recordings, reading and rereading interview transcripts, and reviewing 

analytic memos recorded by the researcher shortly after the conclusion of each 

interview.   Throughout this phase, data was continuously reviewed in an iterative process and 

notes describing potential areas of exploration were recorded.   

The second phase of data analysis involved generating preliminary codes with the aim of 

organizing data in a more systematic and meaningful way. The process of open coding was 
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implemented, and relevant data was highlighted. In the third phase of reflective thematic 

analysis, highlighted codes were examined and refined, and notable patterns and potential themes 

related to the research questions were identified. In the fourth phase of analysis, these themes 

were further reviewed to determine if they aligned with the initial codes and addressed the 

research questions. Themes were further refined during this stage with some being combined and 

others discarded.  

Phase five involved review and revision of themes identified in the previous phase to 

ensure they were coherent and distinct and creating an informative name for each theme (Braun 

& Clarke 2012, 2020). The final phase of this process, producing a report, began once fully 

established themes were defined and a cohesive narrative was established.  

Research Site 

The setting for this research study was a public elementary school situated in a large 

urban district in the southeastern United States.  The school was originally built in 1926 and has 

been operating for over ninety years. The district the school belongs to is the 8th-largest in the 

nation and the fourth largest in the state. At the time of this research, the school was ranked 6 out 

of 125 elementary schools in the district based on their performance on statewide standardized 

tests. The student body is composed of approximately 450 students. The student population is 

60% white, 35% black, and 5% other ethnicities.   

The percentage of students achieving proficiency in Math was 71% (which is higher than 

the Florida state average of 57%) for the 2018-19 school year. The percentage of students 

achieving proficiency in Reading/Language Arts is 74% for the 2018-19 school year.  The 
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teachers at the school were all given a highly qualified rating the previous year and 50% have 

earned a master’s degree.  In addition, four teachers at the school had also earned national board 

certification.  

 The school was a member of a specialized innovative learning community for high-

performing schools created by a southeastern public school district. Schools within the 

innovative learning community are afforded greater autonomy over curricular and instructional 

choices as long as these choices supported their district-approved innovation plan. The school 

was designated an Innovation School by the district for maintaining an A rating for multiple 

years and awarded additional funding for self-selected projects as a result. A dedicated STEM 

classroom was made possible because of the extra funding. The specific classroom setting is a 

dedicated STEM room that every student in the school will visit once a week outside of his/her 

regular classroom time.  The room includes a digital whiteboard, three laptop computers, and a 

wide variety of technology tools. 

Limitations 

 There are several limitations in this study that are primarily related to its research design 

and issues of generalizability inherent in qualitative case study methods. As previously 

discussed, the role of the researcher in qualitative studies, particularly in the data collection and 

analysis phases, cannot be understated (Creswell, 2013; Marshall & Rossman, 2014).  The 

researcher’s personal experiences, beliefs, and assumptions about teaching and learning have the 

potential to influence the collection and interpretation of data and serve as a limitation of the 

study. Another limitation reflected in this study is the size of the sample itself. However, the 
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purpose of qualitative research is to explore information-rich cases through the collection and 

analysis of large amounts of detailed data (Patton, 2002).  This is best accomplished with a 

limited number of participants.  

In addition, the participant selection in this study was not only based on the criteria for 

inclusion specified by the research questions, but also on ease of access and a prior relationship 

to the participant and the site location.  While building relationships and developing trust prior to 

collecting data has been shown to positively impact the data collection process, the researcher’s 

former familiarity with the participant and other staff members could serve to limit the study 

(Hatch, 2002). 

Participant 

The teacher chosen for this study: (a) had attended a school-wide PBL summer training; 

(b) was determined by their administrators and peers to be model teacher in the area of PBL; and 

(c) actively designed, implemented, and managed PBL activities within the boundaries of a high-

performing STEM-focused elementary school. The participant chosen for this study was in her 

first year of her new position as a specialized STEM teacher and was tasked with creating and 

implementing a PBL curriculum for all grade levels across the elementary school. Gaining 

insight into her experience developing and implementing PBL, particularly the degree to which 

her self-efficacy transfers from a traditional classroom to a dedicated STEM context, could 

support schools and districts as they work to build capacity for these types of innovative reforms 

in the future.  The pseudonym Olivia was assigned to the participant by the researcher to provide 

anonymity and protect confidentiality. 
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Participant Background  

Teaching experiences, in both pre- and in-service contexts, along with an educator's 

childhood experiences in school, have been shown to influence their attitudes, beliefs, and 

behaviors in the classroom (Skaalvik & Skaalvik, 2007). Olivia attended public school 

throughout her entire educational career that culminated in earning her degree in elementary 

education from a large public university located in the southeastern United States.  She has been 

teaching for ten years at various public elementary schools in close proximity to where she 

herself attended school. Her positions before becoming the research site’s first STEM teacher 

included teaching fifth grade for seven years and fourth grade for one year at the same school 

where she is currently employed. In her teaching career, Olivia was always placed in testing 

grades that were very rigorous and largely focused on testing specific content knowledge. This 

was the first year the school offered a dedicated STEM special area course that every student 

visited once a week outside of their regular classroom time.  Olivia was one of many educators at 

the school who volunteered for the position and was ultimately chosen by her administration and 

peers to lead the program. 

When asked to describe her previous experience participating in or learning about 

experiential learning, she recalled memories from her elementary school experience as a child. 

Olivia discussed how rarely she recalled her teachers integrating projects or hands-on learning 

experiences into their lessons. During her time as a middle and high school student, Olivia 

recollected occasions when she was required to complete lab work or conduct experiments to test 

a theory or hypothesis and believed these experiences to be the one time she participated in 

hands-on learning.  She was unable to recall a single instance when she was asked to complete a 
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self-directed challenge or was required to collaborate with others to think critically about a real-

world problem or create an artifact to help solve it. 

Olivia recalled how she always enjoyed and excelled in math and science growing up. 

She expressed how much she looked forward to creating, building, and designing things. She 

expressed that despite having very limited opportunities to engage in experiential learning as a 

student, she found ways to do so on her own time. Designing and creating projects outside of 

school was something she continued to do throughout her life. Her impression that her school 

experience failed to provide her with the opportunities for collaborative, hands-on learning she 

desired shaped her belief that in-school science was something separate from the science that she 

experienced in her everyday life.  

As an educator, Olivia has always had a love for math and science and believes she 

“could teach math all day long.”  During her time as a classroom teacher, she enjoyed 

implementing the types of projects and STEM-related activities with her students that she felt she 

missed as a child. However, she believed she was unable to successfully implement hands-on 

learning opportunities on a regular basis in her classroom due to time constraints related to 

covering all subject-area curricular material and assignments required by her district.  

Findings 

The interview protocol topics discussed during the interviews with Olivia related to the 

implementation of PBL in a STEM-specific learning environment. The topics are presented in 

the following order: (a) beliefs about PBL, (b) barriers to PBL in a traditional classroom, (c) 
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structure of a dedicated PBL courses, and (d) culture of a dedicated PBL classroom.  After the 

presentation of the topics a discussion of themes discovered will follow. 

Beliefs about PBL 

 Problem-based learning is an instructional strategy guided by inquiry-based learning and 

is supported by variations of the constructivist theoretical framework (Bell, 2010). Prior research 

has indicated that teachers who subscribe to constructivist beliefs and who view students as 

active constructors of their own knowledge were more likely to implement student-focused 

instructional approaches such as PBL (Daniels & Shumow, 2003; Hashweh, 1996; Muis & Foy, 

2010; Savasci & Berlin, 2012). When asked to define and describe her beliefs about PBL and her 

overarching goals for the program, Olivia expressed her view of PBL as an instructional 

approach that encouraged students to identify problems in their communities and design, create, 

and implement ways to address those problems. Olivia believed that PBL provided an 

opportunity for students to work through problems in a relaxed learning environment. She 

discussed the importance of incorporating the engineering design process and allowing students 

time to brainstorm solutions and share ideas openly. She explained, “projects are something you 

have to plan for, work together to create, modify as you go, and then make improvements.”   

Olivia expressed concern that students in traditional classroom settings were rarely 

afforded the opportunity to be “truly independent” because teachers often provided them with 

step-by-step instructions for daily tasks. It was her belief that teachers should focus more on 

open inquiry and collaborative problem solving so students could learn that there is value in the 

process of trial and error and that not every project must be perfect. She discussed PBL as an 
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instructional strategy that fit well with those goals and enjoyed monitoring progress and 

facilitating learning by “letting students take ownership of the process.”  

Olivia discussed the importance of supporting students throughout the inquiry process by 

reminding them that not all solutions will work and the revisions they would make are a 

necessary part of the process. She recalled instances as a teacher when she watched students as 

they worked to solve a problem with a solution she knew would not work and how she 

intentionally chose not to interfere in order to allow them to come to their own conclusions. 

Olivia viewed the PBL process as valuable and felt the skills embedded in the projects were 

transferable to subject areas outside of science and math.  She also believed that PBL was a great 

way to engage students. 

“Students just want to stay in my room all day. I think a lot of what we do in here makes 

them excited to go back to their own classrooms. That is one of my goals. I want to get 

them interested and have them translate that interest into their own classroom when they 

are doing work in other subjects. I just want to get them curious about things because 

then they'll come to me and tell me about something they saw and it's not really 

something that's a standard or something that they, you know, have to learn. It’s just 

making them curious individuals and that's how you make kids want to learn. When you 

are learning difficult topics in your regular classroom, if you have that curiosity and 

eagerness then you are more likely to be successful in it.” 

The overarching goal for the STEM-focused PBL program was described by Olivia as a way to 

make kids aware of the issues around them they may not have known about before and to 

empower them to feel like they could be part of the solution. 
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Barriers to PBL in Traditional Classrooms 

When asked about the challenges of teaching and learning through thematic problem-

based projects during Olivia’s time as a general educator, she described her concern that PBL did 

not, “hit all of the content and standards kids needed to know.” She used her food desert unit to 

illustrate how PBL could be problematic when implemented during classroom teaching time.   

 

“So, if you're teaching, you know, doing some type of science standard and you're like 

trying to use food deserts to do it, you can relate that to science standards, but at the end 

the day is it really going to teach your students everything they need to know about 

plants or plant reproduction or whatever? You are not going to have time to fully teach 

all that content through problem-based learning, right? So, if you’re in a general 

classroom, it's hard to do problem-based learning because if you do it then you've taken 

away time from your actual instruction of content. I mean, I guess nowadays you could 

really tie almost any project to standard, but does it really meet it? Is it really doing 

what you want it to do? It's all about time. Time is everything. You have to have that 

time built into your schedule.” 

Olivia explained that PBL was particularly difficult to integrate in the upper grades where 

students needed to have “solid content mastery” to be successful on state tests.  She pointed out 

that in her dedicated STEM classroom she was not responsible for covering specific standards or 

content areas, therefore projects take no time away from teaching content, but rather enhance and 

reinforce the content covered in the classroom.   

            An additional obstacle she faced as a classroom teacher was creating a space where 
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students felt comfortable making mistakes and revising their work.  In her past experience, 

Olivia would typically display a model of the artifact she wanted students to create at the 

beginning of a lesson to help them understand the objective of the assignment. In her STEM-

focused PBL classroom, she noticed a high level of hesitation from students who were not 

accustomed to the design process of trial and error. She saw how difficult it was for them to stop 

trying to make their projects ‘perfect’ or identical to the model she presented.  

 

“I've learned to not really show a model because you immediately stop them from even 

thinking for themselves. Um, I mean they, even as an adult, like if I see a model all I can 

think about is what that looks like and it’s hard to think how to do it another way. Then 

you know, depending on how the students are doing, like if they're really struggling, I'll 

kind of help guide and get them started. In the beginning they felt like, well, my project 

isn’t perfect, so it’s all messed up. You know, it's ruined. And I'm like, you know, usually 

that is telling you this way is not working out. It doesn't mean you have to change your 

start over. Maybe you need to change part of it or you know, adjust certain things. So 

they've learned that. Now at this point in the year, I really don't see it as much as a 

problem.” 

Structure of a Dedicated STEM Course   

In the school’s innovative STEM-focused PBL program, the topics for each semester’s 

challenge were decided during the creation of the school’s Innovation Plan submitted to the 

county. The STEM-focused school-wide plan included input from eight teachers and the 
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assistant and head principals of the school. The team wanted each problem-based challenge to tie 

into either a concern in the community or in the world, with the overarching theme involving 

ways students can make a positive impact on the lives of people everywhere.  Quarterly STEM 

challenges included creating a prosthetic limb for an animal, creating an app that serves the 

community, and addressing the issue of food deserts in low-income neighborhoods.  

When asked how Olivia structured teaching and learning in the classroom across a 

semester, Olivia explained that for the first part of the nine weeks she focused mainly on small 

experiments and activities that directly aligned with the standards and that instruction was 

similar to a traditional science class.  The second part of the semester included a problem-based 

challenge based on content students had previously learned. She explained she structured her 

units in that way because she felt it was important that students were provided with a solid 

foundation of science content while also having an opportunity to experience investigating and 

problem-solving issues related to that content.  

When it came to weekly lessons, Olivia typically provided students with a set of 

materials they must use to design a solution to a given problem. At times, students would be 

asked to create their own list of materials.  Olivia would often meet with groups to discuss why 

they chose the materials they did, if there were other materials that may have worked better, and 

why. She then had the groups create a blueprint or model of what their project would ultimately 

look like. She found this step to be crucial to, “get them thinking because they can easily draw a 

picture of what they want but they don’t realize, hey, well how do I actually make that?”   

Olivia’s description of PBL as an instructional strategy indicates she understands the 

benefits of a safe “fail forward” learning space and believes it can be a tool for students to 
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become more resilient and engaged with science topics. The idea of process over product aligned 

with her previously held beliefs about how she felt science should be taught if it weren't for the 

constraints previously mentioned.  She presumed that without those constraints the dedicated 

STEM course she created would provide a space that left room for students to learn, grow, and 

feel empowered by the process.  

Culture of a Dedicated PBL Classroom  

Olivia described her belief that group work was an essential element of PBL and 

collaborative learning was at the core of the units she designed. When asked about her grouping 

strategies, Olivia explained she valued student voice and choice and allowed students to decide 

who they wanted to work with and where they wanted to sit in the room. However, she did recall 

times when she had to move students around in an attempt to ensure that groups were somewhat 

heterogeneous and that each member of the group had a role, ensuring individual success.   

Collaborative learning through PBL was viewed as an opportunity for social skills 

training and a chance for Olivia to support students as they learn how to effectively communicate 

their ideas and provide feedback to others. When asked what communication looked like in 

practice, she indicated that students either raised their hands, engaged in partner talk, or had open 

group discussions where they were allowed to call out answers.  She explained, “I mean, I feel 

like constant hand-raising creates a lot of dead time. Sometimes I have to do a lot of talking 

because we only have 45 min and then I will ask students to raise their hands. Other than that, I 

just want everybody talking. It’s not complete chaos but it can get loud.” 
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Discussion 

Self-efficacy beliefs emerge from the cognitive processing of antecedent life experiences 

and the degree of self-efficacy a person experiences often relies on the accumulation of past 

successes within a task-specific context (Bandura, 1995). Extant research in this area has found 

that when self-efficacy beliefs and successful outcomes are compared, only those outcomes most 

closely tied to a specific task are predictive (Pajares, 1996). When it comes to innovative reform 

initiatives, which are typically led by those with little experience given the novelty of the 

innovation, those with higher degrees of self-efficacy have been found to be more open to new 

approaches than those with lower levels of efficacy in this particular domain. The following 

themes related to reconstruction of the model teacher’s core practice that emerged from the data 

included: (a) the context-specific nature of self-efficacy in relation to mastery experiences, (b) 

the shifting roles and instructional goals in a problem-based learning initiatives, (c) and the 

enactment of constructivist beliefs through PBL. 

 

Domain-specific Mastery Experiences  

Psychologists have identified four major sources of self-efficacy beliefs including a) 

previous experiences of mastering tasks, b) observing others’ mastering tasks, c) messages from 

others (social messages), and d) emotions related to stress and discomfort (Bandura, 1995; 

Schunk & Pajares, 2002). According to Bandura, enactive mastery experiences whereby an 

educator experiences success implementing an innovative teaching approach and attributes the 

success to the enactment of that approach is the most significant source of self-efficacy 

(Bandura, 1995).  These mastery experiences present one of the most compelling and persuasive 
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sources of self-efficacy as they provide tangible evidence that success in a particular domain is 

possible despite the challenges inherent in the task (Bandura, 1995).  

The implementation of an innovative STEM-focused PBL initiative required Olivia to 

shift her instructional goals to meet the needs of a much wider audience. To do this, Olivia drew 

upon her previous mastery experiences as sources of self-efficacy to overcome the obstacles she 

faced with her ambitious goal. However, the task-specific context of her efficacy beliefs in this 

instance had little to do with STEM or PBL. Rather, it was her prior success taking on leadership 

positions in her school and the fact that she was chosen by her peers to lead this innovative 

course that inspired her belief that she was capable of leading a school-wide innovative initiative 

such as STEM PBL.  

The power of PBL lies in the inquiry process itself and success in each step is not easily 

quantified. In the past, Olivia’s self-efficacy beliefs were bolstered each year she was recognized 

for her students’ performance on standardized state tests. The context of her STEM-focused PBL 

course did not provide her with the same opportunities to experience mastery or recognition and 

she noted that this was a particularly difficult aspect of her new role. To mediate the anxiety she 

felt about assessing her personal success as the leader of this program, she focused on finding 

concrete ways she could embed content and skills into her challenges that could easily transfer to 

the traditional science classroom where measurable outcomes were more likely to occur.  When 

PBL challenges were tied to classroom science topics, Olivia was able to take the STEM-focused 

PBL course she created and quantify its success. This was particularly true for the 5th graders 

who take a standardized Science test each year. 

Olivia relied on her previous mastery experiences planning and delivering standards -

based science lessons, as well as her accomplishments as school leader, to strengthen her self-
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efficacy beliefs in an attempt to transfer them more easily to the unfamiliar domain of her 

STEM-focused PBL course. However, the process of facilitating a problem-based design 

challenge not only failed to provide direct measures of personal success for Olivia, it also lacked 

visible outcomes that were easily understood by the outside school community or the larger 

community of social media.  To strengthen her self-efficacy and stay motivated to persist in the 

face of challenges, Olivia decided to reframe her role and her instructional goals for the course.  

Shifting Roles and Instructional Goals 

 Olivia’s background and experience prior to her new position as the STEAM teacher was 

as an upper grade classroom teacher tasked with delivering content in math, science, social 

studies, and ELA.  As a classroom teacher, she set clear instructional goals for her students that 

were based on the standards and expectations of the school administration, and she became an 

expert in her grade-level content and skills. Olivia’s new position required a shift in her 

instructional goals. The aim of her instruction was to continue to serve as a resource for her 

students, however in her new role as a dedicated STEM teacher she wanted to focus her efforts 

on supporting teachers as well. Olivia explained: 

 

“When teachers are beginning a new science unit, they have to focus on giving the 

students the content they need and not necessarily on working on projects. In my STEM 

PBL course, I hope to provide students with more elaborate activities based on the 

content that their teachers don’t have time to cover.” 
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Olivia’s intention was to support the science content being taught in the classroom and 

the school’s overall innovation plan through her quarterly STEM challenges. By doing this, she 

widened the scope of her role to include supporting both teachers and students. This effectively 

tied her course to their outcomes and provided her with the validation she was accustomed to as 

a result of past success. This strategy worked the first year this program was implemented. 

Scores on the standardized 5th grade science test increased with 64% of students passing with a 3 

or above in 2018 to a 72% pass rate for 2019 (with roughly the same number of students testing 

each year 83 and 85 respectively).   

Olivia had to adjust the nature of her self-efficacy beliefs, so they were no longer tied to 

earning praise for high test scores and having a professional identity tied so closely with results 

(which was a significant factor influencing why she was chosen for this position to begin with). 

However, tailoring instruction to the specific needs of multiple grade levels proved difficult 

given that Olivia taught every grade and each level had very different content to cover. The task 

of shifting from her traditional role as a source of support for the eighteen students in her 

classrooms to now supporting hundreds of students and dozens of teachers was challenging. To 

be successful, Olivia felt she needed to meet with each teacher to discuss the content and skills 

they would like her to reinforce. She utilized various sources of self-efficacy to address the 

demands of her new role. 

Olivia discussed the challenges of “getting teachers on board” with her program. In her 

new role, she needed their support and their input in order to create challenges that reinforced 

concepts taught in the classroom. She knew from her own experience as a classroom teacher that 

some would view STEM challenges as unnecessary or additional work for their already 

overtaxed schedules. Olivia described how she relied on her reputation as a successful teacher 
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and her years of experience in the classroom to encourage the teacher “buy in” she believed was 

necessary to shift her instructional goals to incorporate support for both students and teachers.   

These mastery experiences allowed Olivia to begin to transfer her efficacy beliefs from 

one task-specific domain to the unfamiliar context of her STEM-focused PBL course. However, 

validation stemming from the successful completion of a PBL challenge often comes from the 

responses to the project from the school, larger community, and the world of social media. This 

focus on the end product may inadvertently bias the teacher’s focus away from the process of 

problem-solving and towards the creation of the artifact itself.  

The Enactment of PBL Instruction 

A dichotomy appears to exist between the teacher’s beliefs about problem-based learning 

as an instructional approach, which she expressed as student-centered, fail-safe spaces aligned 

with constructivist principles, and her description of the enactment of PBL in her classroom. For 

example, Olivia expressed concern that students in traditionally structured classrooms were 

seldom presented with opportunities to demonstrate autonomy. She lamented that they were too 

often provided a set of explicit instructions that must be followed to successfully complete a task. 

However, her own practice revealed the enactment of a very similar structure whereby the 

rigidity of her instructions mirrored those of a typical classroom assignment.  

By presenting preferred models of artifacts that could be used to solve the given problem, 

she did not allow students to use what they know to actively participate in constructing and 

negotiating knowledge or questioning their own assumptions in collaboration with others. A 

similar disconnect between what Olivia expressed as the affordances of her dedicated STEM 
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course, particularly in regards devoting more class time to student-led discussion and 

exploration, and her desire to support the science teachers by reviewing their content at the 

beginning of each challenge.  In this instance, the barrier to implementation was self-imposed.  

It is possible that the strength of her self-efficacy beliefs from her many years of 

experience teaching math and science in a traditional classroom made it more difficult to let go 

of some of the patterns that led others to describe her as a model teacher. Her strong sense of 

self-efficacy was largely the result of her students consistently performing very well on 

standardized tests and recognition and praise from administrators, peers, and the district praised 

and recognized her efforts. In this case it appears that the teacher being highly efficacious in a 

similar context to that being studied negatively impacted her ability to carry out the reform with 

fidelity. 

Reconstructing Core Practice 

Throughout the interview process Olivia discussed various constraints she faced related 

to the implementation of a problem-based approach to STEM. She mentioned that although she 

understood a fundamental tenet of PBL and the engineering design process was allowing 

students ample opportunities to try, fail, revise, and remake their projects, due to time constraints 

she was often unable to provide adequate time for “meaningful revisions.” As a result, she felt 

she often had to resort to simply telling them how the project could be improved instead of 

having them determine the issues and make the improvements themselves.  

Time is still discussed as a constraint; however, it is interesting that it is a self-imposed 

constraint given Olivia is solely in charge of designing and implementing the course and the time 
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table is up to her discretion. In her interviews, she demonstrated a desire to reconstruct her 

practice to align with her beliefs about PBL and the context of her innovative STEM-focused 

PBL course. However, she reverted back to her practice as a classroom teacher by creating PBL 

units with prescribed beginning and ending points that mirror a traditional science classroom 

structure.  

This inconsistency between Olivia’s beliefs and understanding about the principles of 

PBL and her instructional practice is evidenced in her discussion of the value of student agency 

and voice in choosing topics relevant to their lives.  When asked how topics were chosen Olivia 

responded: 

 

“The administration, around eight other teachers, and I worked on creating the official 

Innovation Plan and picked the topics together. We decided as a school that each problem 

would need to tie into either a concern in their community or in the world, with the 

overarching theme being ways to make a positive impact on the lives of people 

everywhere.” 

 

It is interesting to note that while Olivia described the importance of teaching students how to 

identify real-world problems that are relevant and meaningful to them, the problems they would 

ultimately come to address were predetermined by the teachers and administrators before the 

school year began. 
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Implications 

Mediating Implementation Challenges Through Social Support  

The structure of nine-week challenges based on real-world issues tailored for each grade 

level was novel and incorporated tenets of a PBL framework. However, Olivia’s classroom 

practice implementing STEM-focused PBL demonstrated the process of assimilation as she 

adjusted her previously held beliefs based on her experience as a classroom math teacher to better 

fit the context of the PBL reform initiative. Instances of accommodation, whereby Olivia’s stated 

beliefs about teaching and learning were challenged and adapted to fit the tenets of PBL 

implementations, were not evidenced in her description of PBL or the execution of PBL lessons in 

her classroom. One possible explanation for why accommodation did not occur was because of the 

lack of social support given she was spearheading the program and was the only one teaching the 

course. She had no one to challenge her long-held beliefs about the nature of teaching and learning. 

Without a counter-voice of a respected peer, her inner voice continued to validate her practice and 

assimilate her teaching style into the vernacular of PBL.  

Social Resources: Peer Support and Collaboration 

Prior research has demonstrated that social resources, including collaboration and support 

from peers, is an essential characteristic of teachers who have successfully reconstructed the core 

of their practice to align with constructivist-based reform initiatives (Spillane, 1999). In 

interview transcripts, Olivia described the importance of working in collaboration with other 

teachers and building relationships in the early years of her career as an educator.  By observing 
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and communicating with others who were successfully teaching the same population, Olivia 

began to believe that she could do the same. Observing her peers' success in the classroom made 

her feel that the goals and expectations she set for her students were possible.  

Through her many experiences collaborating with peers, Olivia came to believe that her 

effort had the potential to influence outcomes and that determination and hard work could likely 

increase her odds of success (Muis & Foy, 2010). A positive relationship between her level of 

self-efficacy is evidenced by her understanding of how difficult it will be to accomplish her goal 

of developing and launching a STEM-focused PBL initiative and moving forward with the 

project despite the challenges it presented.  

When discussing her first year in her new position, Olivia described herself as “an island” 

who is relatively isolated from the grade-level team whose support and collaboration she was 

accustomed to in her previous position.  She recounted that one of the most significant 

challenges was that she only had herself to rely on for ideas and planning.  She recalled that she 

“came from a team that worked really well together and it was really important to have that ... it 

was really important to have those relationships where you could bounce ideas off one 

another.”  She was disappointed that those sources of support were missing in her new role.  

One way to mediate feelings of isolation for teachers taking on novel positions as a part 

of innovative reform initiatives would be to connect them to the larger education community 

where others are engaging in similar activities.  In the case of this research study, there is a 

district-wide community of designated Innovation Schools that have each created a novel 

program led by a model teacher.  Given innovation grants cover all subject areas, not all of these 

programs are STEM-related. Nevertheless, this form of peer engagement could serve to support 



 81 

and strengthen teacher efficacy in the context-specific domain of implementing innovative 

instructional approaches.  

Social Resources: Leadership and Administration 

Additional social resources that may serve to mediate the challenges of implementing 

PBL through a dedicated STEM course include support from school and district leaders and 

administrators.  Extant research has found positive feedback, both implied and stated, to be an 

essential source of self-efficacy that convinces a person that he/she is capable of successfully 

completing a task (Bandura, 1995; Leroy et al., 2007; Ramey‐Gassert et al., 1996). Constructive 

feedback can maintain a sense of efficacy and help to overcome self-doubt. When examining the 

development of Olivia’s self-efficacy beliefs through her interview, it is clear that she recognized 

the importance of the task-relevant feedback she received from her peers and administration 

throughout her career as a classroom teacher. Through her positive interactions with her school 

community as well as the district office, her degree of self-efficacy was enhanced, and she felt 

her insecurities were mediated and abated as a result. In her role as a classroom teacher, the 

process of interacting with those who provided her with multiple models of competency also 

served to strengthen her own self-efficacy beliefs (Hoffman, 2015). 

When discussing her new role as the dedicated STEM teacher, interview transcripts 

indicate that Olivia had a positive view of her current administrative team and described them as 

both supportive and helpful. She recounted how both the Principal and Assistant Principal 

routinely checked in with her about what she felt was or wasn’t working or areas where she felt 

she needed more support.  She described the principal as “totally open and literally just kind of 
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hands off like, you know, letting me do what I want. She sees that kids are excited about the 

STEM challenges and it's really giving them experiences that make them excited about school 

and learning, which is really the whole purpose.”   

Olivia described feeling grateful that her administration and peers had chosen her for this 

position and provided her with autonomy and freedom to create the program from the ground up. 

Unfortunately, while this “hands-off” approach provided Olivia the autonomy she craved, it did 

not help her to mediate the challenges of implementing the constructivist problem-based learning 

environment.   

Prior research has demonstrated that factors such as recognition, praise, and support have 

been shown to strengthen teacher self-efficacy (Friedman & Kass, 2002). However, these forms 

of support were not sufficient in encouraging Olivia to examine and revise the core of her 

practice to align with the goals she set out for the program. A problem-based instructional 

approach requires students to collaborate and negotiate knowledge and concepts in an ongoing 

inquiry process. This same form of collaboration must be viewed as an essential component to 

build self-efficacy for educators tasked with implementing innovative models of teaching and 

learning. Autonomy in the absence of structured guidance from administrators and support from 

peers may not sufficiently mediate challenges, sustain motivation, or strengthen self-efficacy in 

context presented in this study.   

Future Research 

Once the sources of highly efficacious educators are understood within the context of a 

specific constructivist-based reform initiative, researchers should consider ways to fill the gaps 
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between theory and practice.   One possible next step to remedy the incongruities presented 

between teacher beliefs and understanding of a reform and their enactment of those beliefs in 

practice is to explore ways schools and districts can be structured to encourage ongoing, domain-

specific support and collaboration from social resources within and outside of the school setting. 

Placing highly efficacious teachers in leadership positions for innovative reform initiatives is 

essential given the challenges inherent in launching a new program. However, it cannot be 

assumed that a teacher possesses a similar degree of self-efficacy for a task-specific domain such 

as implementing a constructivist problem-based inquiry pedagogical approach. As was the case 

with Olivia, peer feedback, support, collaboration, and idea sharing created the foundation for 

her high degree of self-efficacy as a classroom math teacher.  

The same supports are also necessary, if not to an even greater degree, to mediate the 

challenges of revising core teaching practices to align with constructivist approaches. Findings 

from this study expand prior concepts and theories about teachers’ self-efficacy in PBL STEM-

based learning settings. The resulting key factors highlight implications for practice, provide 

direction for future research and inform practitioners and administrators interested in training and 

supporting model teachers to build capacity and sustain reforms related to experiential learning 

(Walsham, 1995).  
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CHAPTER FOUR: ASSET MAPPING IN STEM EDUCATION: A 

PROBLEM-BASED FRAMEWORK FOR EDUCATORS 

Learners in K-12 settings across the country bring to the classroom a wide array of 

educational experiences, cultural practices, and individual identities. The cultural differences 

learners carry into their learning environments have the potential to influence how they interact 

with their classmates and instructors as well as how they interpret course content, learning 

objectives, and assignments (Chita-Tegmark, 2012). Over the past two decades, considerable 

emphasis has been placed on standardized assessments in low-income schools as they are used to 

evaluate not only student performance but also educators’ performance in the classroom 

(Goodwin, 2010; Mangiante, 2011). As such, deficit-oriented discourse used to explain poor 

academic performance in schools with high populations of low-income students has become 

commonplace and pervasive in academic literature and the hallways, offices, and classrooms in 

schools throughout the country (McKay & Delvin, 2016; Smit, 2012).  An asset-based approach 

to instruction frames the diverse nature of learner experiences as strengths and provides 

opportunities for learners to express their individual identities through choice (López, 2017).  

Poverty, unstable living situations, stress, nutritional deficiencies, and insufficient 

support from parents who must focus much of their energy on basic survival have a direct impact 

on student performance in the classroom (Jensen, 2009). Educators are often witnesses to the 

many challenges students face living in these conditions and observe the impact of these 

stressors on students’ academic performance and social and emotional wellbeing.  One way 

educators and administrators can resist the deficit-based narrative so often used to define low-

income students and schools is to acknowledge and, if necessary, actively work to reframe their 

own perspectives. This shift in mindset will not alleviate the hardships so many students and 
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families continue to face. However, recognizing students’ lived experiences as acts of resilience 

and evidence of wisdom and resourcefulness, and not solely impediments to their future success, 

is one way to begin dismantling the prevailing deficit-focused narrative. Developing an 

awareness of the social, cultural, and digital assets students already possess that can be utilized in 

the learning process is essential for educators. However, it is equally important for the students 

themselves to recognize how their assets and experiences positively contribute to learning 

outcomes. 

Problem-based Learning: An Asset-focused Instructional Opportunity 

  Currently, many educators and policymakers advocate for the implementation of 

problem-based learning in K-12 classrooms to develop 21st-century skills such as critical 

thinking, collaboration, and problem-solving (Edmunds et al., 2017; Partnership for 21st Century 

Learning, 2019). A problem-based approach to science, technology, engineering, and math 

(STEM) education can foster student engagement in rigorous content through the use of 

authentic, high-value tasks and integrates engineering and design principles across subject areas 

and grade levels (Capraro & Slough, 2013). 

Problem-based learning (PBL) is an instructional practice that views students’ prior 

knowledge and lived experiences as valuable tools that can be utilized to solve problems that are 

both meaningful and relevant to their lives (Hung et al., 2008; Savery, 2015). Providing 

opportunities for learners to build upon prior knowledge can serve to validate their experiences 

and help develop and strengthen their identities as valued participants in the larger learning 

community (Darder, 2012; López, 2017). A problem-based instructional approach that positions 
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students’ lived experiences, their interests, geographic locations, familial and cultural values, and 

social concerns as central components of each challenge can utilize students’ lived experiences 

to solve authentic problems they perceive as relevant and meaningful (Wright et al., 2016; 

Yosso, 2020). 

Problem-based learning is a student-centered approach that requires learners to perform 

exploratory research related to an ill-structured question, utilize both conceptual and concrete 

knowledge during the course of their investigation, and apply their new knowledge to think 

critically about the problem and design solutions to address the issue (Savery, 2015).  In the 

context of PBL, learning educator assumes the role of a facilitator or guide that supports students 

as they address complex problems that are often interdisciplinary in nature (Boud & Feletti, 

1997). The problem-based learning approach encourages a deeper understanding of underlying 

issues as the learner builds upon his/her own theories throughout the process (Wiek et al., 

2014).   

 Implementing an asset-based pedagogical approach can encourage learners to see 

themselves reflected in their work and can strengthen their identities as learners (Flint & Jaggers, 

2021).  Exposure to asset-based instructional strategies like PBL can encourage and support the 

identity development of traditionally underserved learners, particularly for those interested in 

pursuing careers where they are often underrepresented (Coleman & Davis, 2020). Problem-

based learning challenges can provide educators an opportunity to leverage students' social and 

cultural assets and may also strengthen self-efficacy through the process of working toward a 

specific goal. Through the PBL process, learners can begin to recognize how their lived 

experiences have provided them with valuable, transferable skill sets that can be applied in 

academic and career settings.  
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PBL challenges can be structured in a way that can encourage learners to begin the 

process of recognizing the cultural, technological, and social capital they already possess. 

Constructing a framework that prepares educators attempting to develop and leverage their 

students’ assets through problem-based challenges is the central focus of this article. The 

manuscript aims to define and describe common barriers students from under-resourced schools 

face as they work to strengthen and leverage their own capital in an academic environment.  

Students often demonstrate the characteristics of persistence, resilience, agency in their 

everyday lives as a means of survival but are not taught to recognize these achievements or 

characteristics as assets that can be leveraged to succeed in academic settings. They may not be 

aware of the value of these resources and their role in the formal learning context of their school 

classroom. To address this disconnect, educators must explicitly counter this deficit narrative by 

encouraging students to reflect on their prior knowledge and skills to develop an awareness of 

their assets at each stage of the learning process. It is equally important that educators themselves 

become aware of the assets their students possess and, when possible, create a learning context 

where their knowledge and skills can be leveraged throughout the learning process.  

Asset Mapping:  From Communities to Classrooms 

Asset mapping is a concept that originated and was traditionally applied in the context of 

community engagement and first emerged from the field of social work and community 

development (Kretzmann & McKnight, 1993). The asset mapping process required community 

members to examine information to discover the unique strengths and resources of a particular 

community and explore ways that can be leveraged to solve problems, address community needs, 
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and improve conditions for those who live there. The asset-based community development 

(ABCD) framework posits the following assertions: (a) every person has unique abilities and 

expertise, (b) every person is capable of making contributions to his/her community, and (c) 

every person has something that matters to them and that can serve as motivation to act and 

pursue change (Mathie & Cunningham, 2003).  

The first step in an ABCD approach is to determine the community of study and research 

the assets already present in that community that can be leveraged to improve conditions for its 

residence. Once those assets are determined, the next step involves reaching out to community 

members to determine the assets they already possess and how these resources can contribute to 

a project they care about. The final step is connecting those with shared interests and assets and 

encouraging them to act collectively to meet a community need. 

The ABCD framework operates in contrast to a needs-based approach to community 

development in much the same way an asset-focused perspective provides an alternative to a 

deficit mindset in the field of education. It frames the role of community members as active 

participants in the improvement of their communities and producers of community 

communication and collaboration as opposed to passive beneficiaries or consumers of 

information (Turner-Lee & Pinkett, 2004). Asset mapping in the ABCD process has traditionally 

been applied to analyze an entire community; however, adapting this framework to the field of 

education and make students and/or classrooms the units of study could achieve similar goals 

such as empowering participants, leveraging assets and working to create solutions to problems 

that are meaningful and relevant to them.  

Extant research has demonstrated the possibilities of utilizing the ABCD framework in 

the context of problem-based learning to address issues of task-related bias in teams of students 
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working together to solve engineering challenges (Stoddard & Pfeifer, 2018). In this context, 

students are prompted to identify life, work, and academic experiences and share the ways they 

believe these assets can best serve the interests of the group. Students then reflect and share what 

they aspire to learn and take away from their experience working on a problem with their 

teams.  Responses are recorded to create an inventory for the group to refer to throughout the 

assignment. The authors’ ultimate goal of implementing this framework was to develop more 

equitable, inclusive, and sustainable teams, particularly in STEM-related fields (Stoddard & 

Pfeier, 2018).  

The process described above requires students to map their own assets by identifying 

their strengths in three separate domains, reflecting on what they hope to achieve, and sharing 

what they have discovered about themselves with their team.  The participants in this study were 

undergraduate engineering students engaging in problem-based challenges that required team 

members to take on different roles and responsibilities.  However, asset mapping is also 

applicable to younger students across a variety of educational contexts.  The asset mapping 

process, informed by the ABCD framework, has the potential to extend beyond the focus of 

teamwork and be used as a tool that can empower both students and facilitators throughout all 

phases of problem-based learning challenges.  

An Asset-based PBL Framework 

Unrealized Assets: Everyday Obstacles and the Power of Student Ingenuity 

Students from under-resourced schools and communities often possess unrealized 

knowledge and skills that can be leveraged through problem-based learning to build confidence 
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and increase self-efficacy. In my ten years of experience working in schools with over 90% of 

students living in poverty (as determined by their free and reduced lunch status), I observed 

numerous instances of students successfully executing tasks in their everyday lives that were 

directly related to concepts being taught in the classroom. One example is a student who used 

online grocery platforms to plan and budget weekly meals to prepare for siblings while parents 

worked night shifts at a low-income job.  Another is a fifth grader who managed the weekly 

transportation-related needs and challenges for his family, including days when his parents did 

not have access to a car and he needed to find a way to get to school and get each of them to 

work, through the use of apps and GPS software. Students and families were forced to take on 

the task of coordinating carpools, planning public transportation routes, finding connections and 

bus stops where children could cross the street safely, as well as developing contingency plans if 

the bus was late or a ride never showed up.  

The wealth of skills demonstrated in these seemingly mundane daily tasks (getting to 

school and work, preparing daily meals) involved high-level critical thinking skills. Families had 

to collaborate to develop a plan of action that often required each member to play an integral role 

in evaluating and executing contingency plans if problems should arise. In addition, these 

procedures had to be executed every day with multiple unpredictable roadblocks that needed to 

be averted (late bus, traffic, no money for gas, an unsafe person at the bus stop, parent's change 

in work schedule, etc.).  Challenges that students have overcome often lead to the development 

of attributes such as strength, resilience, and adaptability which provide them with valuable tools 

that could be leveraged to strengthen their identities as learners.  

The day-to-day logistical planning that families without personal transportation must 

complete to put food on the table and provide their children with education requires 
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communication, collaboration, critical thinking, as well as access to technology tools and 

devices.  The digital capital these students carried into their formal learning environments 

includes not only digital literacy skills but an awareness and understanding of how to use the 

information to solve problems in a digital environment.  

Asset Mapping in the Context of STEM PBL 

In a broad sense, a problem-based learning approach requires students to utilize 21st 

Century skills such as critical thinking, collaboration, and problem-solving. In the process of 

working through a problem-based learning challenge students will be asked to complete the 

following steps: (a) explore issues related to the topic of their problem, (b) take inventory of 

what they know about the problem and the gaps in knowledge they need to fill, ( c) locate 

resources and information about their the problem through research, (d) formulate hypotheses 

and analyze possible solutions, (e) support conclusions with evidence and share findings, and (f) 

reflection and evaluate performance and problem-solving skills.   

Research has demonstrated that anxiety and discomfort that may arise from both students 

and facilitators when launching a problem-based learning challenge, particularly in its early 

stages (Wells et al., 2009). Anxiety and discomfort can be especially true for those students who 

are not aware of the knowledge, skills, and other assets they bring to the learning 

experience.  Anxiety and discomfort can be mediated in this novel approach by providing space 

for students to recognize their prior knowledge, consider what gaps in their knowledge may exist 

in relation to the topic, and determine what further knowledge is necessary to accomplish a given 

task (Wells et al., 2009). The implementation of a problem-based asset mapping activity prior to 
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introducing the topic of a new challenge may benefit students by increasing confidence and 

countering possible anxieties. In addition, it may also provide facilitators with valuable 

information about the assets students possess and encourage consideration of how they can be 

leveraged throughout the PBL process and beyond. 

A framework for introducing a problem-based challenge must begin with an asset-

focused approach.  An essential component of the framework presented by Stoddard & Pfeifer is 

the students’ identification and recognition of the assets they bring to the task (2018). 

Identification and recognition of assets takes place before any work can begin.  Educators 

implementing PBL can empower students by encouraging them to recognize the assets they 

already possess and how they can be leveraged successfully in academic settings. To make these 

concepts self-evident to learners, the creation of an asset map that prompts students to consider 

various ways in which experiences from their everyday lives could be used as resources in the 

context of problem-solving should be administered in advance of introducing a new challenge.  

The purpose of this initial step is to encourage students to consider aspects of their daily 

lives, relationships, experiences, and skills as assets in an academic setting. Considering assets is 

critical in under-resourced schools and communities where students have been shown to 

demonstrate lower degrees of self-efficacy in traditional classroom environments (Lofgran et al., 

2015). Through this, students may be encouraged to consider how their assets may be leveraged 

to meet both their personal goals and the goals stated for the assignment. In prior research, 

education-focused asset mapping domains included categories such as lived experiences, work 

experiences, and academic experiences (Stoddard & Pfeifer, 2018). The community development 

model took an inside-out approach to its domains with individual assets at the center and 
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expanding to citizen associations and ultimately widening to include local institutions 

(Kretzmann & McKnight, 1993).  

The domains chosen for this initial asset map included in this study are context-

dependent and designed for STEM-focused PBL tasks and include an examination of students’ 

social, psychological, cultural, and technological assets.  An asset-based approach to PBL 

instruction encourages learners to recognize their prior knowledge and skills and discover ways 

to leverage their word views, cultural perspectives, and lived experiences throughout the learning 

process. Prior knowledge and skills include the diverse ways they utilize technology in the 

context of problem-solving (Jones et al., 2010). Technology plays a vital role in supporting 

students as they hypothesize, think critically, investigate, and design solutions to problems and 

requires learners to use technology to not only consume knowledge but also to produce it 

(Amory, 2015; Kek, 2016). Technological assets include the ability to find information and 

evaluate information online (digital literacy) as well as apply technology tools to communicate 

and collaborate with others.  

Psychological assets include attributes such as persistence, resilience, and adaptability, all 

of which are essential components of successful problem-solving (Seligman, 2002). Learners 

accrue social assets through their participation in social networks that afford them resources that 

would otherwise have been difficult to attain (Durlak & Weissberg, 2011).  These resources can 

be in the form of mentorship by an expert in the learner’s field of interest, access to technology 

and specialized tools, exposure to the norms and practices necessary to be successful in a specific 

field, as well as future networking opportunities. The last domain describes cultural assets, or 

learners’ knowledge, skills, beliefs, and attitudes related to critical thinking and problem-solving 

(See Figure 3). 
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Figure 3: Illustrated Model of the PLAM Framework 

 

The Problem-based Learning through Asset Mapping (PLAM) Framework can be 

incorporated at the beginning of the school year to provide the teachers with valuable 

information about the assets learners bring with them into a STEM-focused PBL environment. In 

this case, the overarching problem would be a student’s personal experience problem-solving, 

and each map would be unique for every individual. The PLAM Framework can also be utilized 

after a specific PBL challenge has been introduced to the class. In this case, students would 
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complete a map of the assets they possess that are directly related to the topic PBL challenge. 

The PLAM Framework could be a helpful tool for groups to help members ensure they are 

leveraging every learner’s knowledge, resources, and skill sets to best meet the goal of the 

assignment.   

In either case, this activity should not be a one-time event but an iterative assignment that 

students build on throughout the year. By completing maps in an interactive cycle, students are 

encouraged to acknowledge the assets they already possess and visualize growth in their critical 

thinking and problem-solving capabilities. Beginning a challenge by acknowledging the 

contributions that students have made and can continue to make to solve problems that are 

meaningful and relevant to them is the first step in implementing an asset based PBL framework. 

By completing the PLAM framework teachers may be supported as they actively work to counter 

deficit perspectives and cultivate their own asset-based mindset.  However, additional 

modifications must also be made to the structure of the classroom and the role of each participant 

in the learning experience. 

 The need for educators to consider the assets that learners bring to problem-based 

learning was evident in Article one and two. For these reasons, the PLAM framework was 

developed.  The process for developing the PLAM framework included: (a) an extensive review 

of the literature and (b) peer evaluation, and (c) expert evaluation. The framework based in 

community-based assets mapping, underwent multiple revisions therefore establishing the 

content validity of the framework.    
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Shifting Instructional Roles in an Asset-based PBL Setting 

When educators transition from a traditional instructional model to an inquiry-based 

approach such as PBL their role in the classroom must shift.  In a traditional classroom, the 

teacher’s role is to deliver information and assess student’s ability to recall what they have 

learned via various forms of assessment.  The teacher is the purveyor of knowledge and assumes 

the overriding authority in the classroom (Austin et al., 2001; Khalaf, 2018).  In a problem-based 

learning context, educators are no longer the sole directors of the learning process. Instead, they 

serve as facilitators guiding students as they actively participate in the construction of 

knowledge.  An asset-focused instructional approach takes the role and responsibility of the 

educator one step further.  When moving towards an asset-focused PBL model, the teacher 

makes additional adjustments to his/her instructional practice such as encouraging students to 

recognize the assets they bring to the problem-solving process prior to guiding them through the 

construction, negotiation, and application of knowledge. Educators then use this information to 

empower students and create a sense of community in the classroom.  

The role of the student must also evolve in an asset focused PBL context. The student 

transition is similar to that of community members from the ABCD model. In an asset-based 

community development approach, the role of a community member moves away from being a 

passive consumer of information and is considered an active participant and producer in the 

community building process (Kretzmann & McKnight, 1993). In a PBL instructional model, 

learners are co-constructors of knowledge and share ownership and responsibility for the 

learning process with their instructor. Through collaboration with others, learners are able to 

produce (as opposed to reproducing) knowledge.  In an asset-focused PBL model, learners 
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recognize their lived experiences as assets and view themselves as valuable contributors to the 

learning process. They are co-constructors of knowledge, and their diverse perspectives, beliefs, 

and problem-solving strategies are leveraged to develop viable solutions to a given problem. 

Discussion 

Building and Leveraging Assets Across Domains 

Social 

Students in under-resourced schools and low-income households often begin school with 

less social capital compared to their more affluent peers.  Social capital is of particular 

importance when discussing experiential learning and STEM education for under-resourced 

schools and communities, as these relationships can connect learners to networks otherwise 

outside of their daily reach. In schools, teachers often provide the only link for students to 

connect with experts in their communities.  

Providing opportunity and access to these networks is the first step to increasing social 

mobility for every learner. However, in order to benefit from these networks, students must 

understand their value and how to align issues relevant to their lives and with those of experts 

and mentors. Only through these connections can social mobility take place.  Designing and 

developing problem-based challenges may provide opportunities for students to increase their 

social capital by incorporating tasks that link learners with experts in their field of interest or 

mentors they would not otherwise have access to. 
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Technological 

Today’s learners have been described as ‘digital natives’ by academics, policymakers, 

publishers, and the education marketplace for over a decade (Macdonald et al., 2017; Prensky, 

2001). The digital native theory is the belief that all learners born at a time when technology was 

omnipresent, often referred to as “digital natives”, are able to process information in a way that is 

fundamentally different from previous generations. It is offered as an explanation of the 

technological evolution of learning spaces in the digital age and used to promote educational 

software programs, curriculums, and digital devices (Bayne & Ross, 2007; Macdonald et. al, 

2017; Romero et al. 2013).  

Classifying an entire generation of technology users as ‘digital natives’ fails to recognize 

the diverse array of social, cultural, and digital assets these learners bring to the table 

(Macdonald et al., 2017). Further, it conflates aspects of digital assets such as the ability to find 

information and evaluate information online (digital literacy) with the capability to apply 

technology tools to communicate and collaborate with others to address a specific problem. The 

implementation of the asset mapping process prior to engaging in a problem-based task can help 

both educators and students recognize the technological skills students bring to the problem as 

well as the digital literacy gaps that may also exist. Problem-based challenges can be designed in 

ways that leverage existing technology skills to explore a problem and expand learners’ 

technology experience and thereby increase self-efficacy. 

Cultural 

Many producers of educational materials have begun implementing an inclusive 

curriculum design approach across subject areas as evidenced by the inclusion of examples with 
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subjects who have multicultural names, references to culturally specific scenarios (food, 

celebrations, language), and the depiction of culturally diverse images. While this is an overdue 

and necessary step to making students feel seen and valued in their classrooms, an educator’s 

instructional practice can have a far greater impact on students’ perceptions of themselves as 

learners than any change to the design of a curriculum.   

Recognizing students’ cultural assets in the classroom and across the larger school 

context has been shown to create a sense of connectedness and belonging for students and their 

families (Woolley et al., 2009).  Asset-focused problem-based learning environments can 

provide an ideal context for home-school connections that strengthen students’ belief and 

understanding of the valuable resources and skills they bring to the problem-solving process. To 

do so, PBL challenges should encourage students to view their classmates, families, and 

communities as resources to help them find solutions to problems that could improve lives and 

create positive changes in their community.  Asset-focused PBL can provide the ideal 

environment for educators to highlight the skills and strengths that diverse learners bring to the 

learning process and how these cultural assets can be applied in an academic setting. 

Psychological 

Internal psychological assets are those behaviors, characteristics, and ways of affective 

thinking that guide individuals as they navigate life. In a classroom environment, psychological 

assets can be inclusive of one's social emotional competencies (Jagers et al., 2018; Reicher, 

2010). Characteristics of resiliency, persistence, kindness, empathy, cooperating, and supporting 

others can help learners realize their personal contributions and commitment to responsibilities. 

In an assets-focused PBL environment, self-identifying and remembering one's psychological 
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assets can support learners as they face new and challenging situations (Keyes & Haidt, 

2003).  Therefore, having students complete a self-assessment of their psychological assets and 

create a tangible reminder of these assets may benefit learners when they are struggling.   

Conclusion 

The Problem-based Learning through Asset Mapping (PLAM) framework was created to 

counter a deficit-based narrative often used to describe students from under-resourced schools by 

encouraging both students and educators to recognize the valuable assets all participants bring to 

the PBL process. Exposure to asset-based instructional strategies like PBL can encourage and 

support the identity development of traditionally underserved learners, particularly for those 

interested in pursuing careers where they are often underrepresented (Coleman & Davis, 2020).  

Employing asset mapping in a PBL environment can position learners to consider what strengths 

they bring to a problem instead of focusing on not having an immediate answer to a complex 

question. Educators should commit to dedicating time to the creation or revision of a personal 

assets map in a tangible format.  These maps can be referenced throughout PBL experiences. The 

broader implications of assets-mapping in the classroom include building self-awareness among 

learners of their assets which may aid learners to transfer their personal knowledge of their skills 

and expertise to other academic and social settings.  
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CHAPTER FIVE: CONCLUSION 

The aim of this research was to offer insight into the various challenges both teachers and 

learners encounter in the context of STEM-focused problem-based learning and provide tools for 

educators that may address barriers discussed throughout these studies.  When properly 

implemented, a problem-based learning instructional approach can provide opportunities for 

students to actively construct knowledge, exchange ideas with others in their peer group, and 

receive external recognition from meaningful others is necessary to strengthen science identity 

over time (Carlone & Johnson, 2007; Lave & Wegner, 1991). In Article One, Developing STEM 

Identity through PBL, Carlone and Johnson’s (2007) science identity model was used as an 

analytic lens to examine the experiences of students as they participated in STEM-focused PBL 

experiences.  

In this study, students from two separate science classrooms were observed participating 

in what both teachers described as “STEM PBL activities.” Significant variations in the 

implementation process were noted. While Taylor's activity included some opportunities for 

students to collaborate and use their content knowledge to think critically to solve a problem, 

these elements were absent in Nari’s experience. In her lesson, the narrative that science is a one-

way exchange of information that flows from the teacher to a selective group of students was 

reinforced on multiple occasions. Unfortunately, despite both teachers’ intentions to implement a 

PBL approach, the classroom observations were not able to provide insight into how students 

engaged in STEM-focused problem-based learning experiences as PBL were not evidenced in 

either teacher’s instructional practice. Both lessons lacked essential components of PBL such as 

an ill-structured problem to examine, the opportunity for students to explore issues related to the 
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content, time and space for students to investigate solutions, or a means of presenting and 

sharing work with peers (Gwee, 2009; Laforce et al., 2017; Tawfik, 2014).  

Further, the findings in this study also evidenced a clear failure by both teachers to 

connect students’ lived experiences to the scientific concepts and problems addressed in the 

lessons.  This missed opportunity was particularly unfortunate due to the social, cultural, and 

psychological assets evidenced in Nari’s interview transcript.  The knowledge, experiences, and 

skills Nari acquired through her relationships to proximate social structures such as her family 

and community were directly connected to STEM topics such as engineering and medicine.  

However, neither Nari nor her teacher connected these assets, which could have been leveraged 

to strengthen her identity and connection to STEM, to her experience as a student in a formal 

science classroom.   

Similarly, when questioned about her future professional aspirations, Taylor described 

her wish to become a lawyer and argue in court.  What she did not say, but what was known to 

the interviewer, was that Taylor had extensive first-hand experience witnessing lawyers argue in 

courtrooms as her family had been in the midst of a custody battle for almost a year. Her 

personal experiences witnessing lawyers make arguments based on evidence and presenting 

these arguments in front of an audience provided her with knowledge and skills that could be 

leveraged in the problem-solving process. 

Strengthening the STEM identities of underrepresented groups remains critical to address 

the lack of STEM-related workforce participation of minority groups.  In Article One, both 

students’ experiences, beliefs, and attitudes towards science demonstrated the influence of 

people and settings outside of the school science classroom on their STEM identity. The findings 

from this research also demonstrate a lack of understanding related to the essential tenets of 
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quality PBL by the teachers implementing these programs in the school observed in this study. 

Interventions such as additional teacher training, time, and support will be necessary for students 

to experience the benefits of participating in a problem-based approach to learning. Equally 

important for both teachers is developing an awareness of the assets their students bring into 

their classrooms and how they can be leveraged to strengthen students’ identity and connection 

to STEM. Article One outlined the missed opportunities to recognize and incorporate students’ 

experiences, knowledge, and skills in the PBL process. It also demonstrated the significant role 

educators play in the success or failure of STEM-focused PBL implementation. 

Article Two shifted the focus away from student science identity to examine factors 

related to the implementation of PBL by a model educator in a dedicated STEM classroom. 

Teachers serve as the linchpins of successful innovative education initiatives (Fullan, 2015). 

Therefore, understanding the experiences of the teachers engaged in these initiatives at the 

classroom level is critical (Pecore, 2012). Teacher efficacy is a particularly relevant theory when 

it comes to the implementation of innovative programs such as a dedicated STEM-focused PBL 

course as efficacy is considered dependent on a specific context and is often linked to broader 

innovation implementation efforts (Tschannen-Moran et al., 1998). Therefore, teachers’ self-

efficacy for the enactment of STEM-focused PBL in the classroom was chosen for the second 

topic of Article Two. In addition to self-efficacy, the teacher’s beliefs related to constructivism, 

perceived barriers to successful implementation, and classroom structure and culture were also 

explored.   

Olivia was chosen as the teacher of study for the research outlined in Article Two.  She 

had experienced years of success as a math and science teacher and was recognized in the school 

and within the larger district for her ability to raise student test scores in the areas of math and 
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science as well as motivate and engage students in her classroom. The school where she worked 

had maintained an A rating by the state accountability system for multiple years, was recognized 

and awarded additional funding for being innovative, and employed teachers who were all rated 

highly effective in the previous year’s evaluations.  Unlike the teachers observed in Article One, 

Olivia was also formally trained in PBL methods and attended multiple research-based 

workshops led by academics and curriculum developers. She had the knowledge, time, resources, 

and support to implement PBL successfully and avoided many of the challenges teachers faced at 

the under-resourced school described in Article One of this study.  

When Olivia described her beliefs about PBL as a constructivist-based approach, she 

expressed her view that it provided an opportunity for students to work out problems and make 

adjustments as they went in a relaxed learning environment. The overarching goal for the STEM-

focused PBL program was described by Olivia as a way to make kids aware of the issues around 

them they may not have known about before and to empower them to feel like they could be part 

of the solution. However, not long after introducing the new program, she decided to widen the 

scope of her role to include supporting teachers in all grade levels by designing her challenges to 

reinforce the science content being taught in the classroom.  

At this point, a dichotomy between Olivia’s beliefs about problem-based learning as an 

instructional approach, which she expressed as student-centered, fail-safe spaces aligned with 

constructivist principles, and the enactment of PBL in her classroom became apparent. Olivia’s 

self-efficacy beliefs were the result of her many years of experience successfully teaching math 

and science in a traditional classroom. The strength of her self-efficacy in that context made it 

difficult for her to let go of the instructional habits that did not align with the beliefs she 
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expressed about PBL, especially when those habits are what led others to recognize her as a 

model teacher.  

Olivia had the resources necessary to successfully implement problem-based learning that 

aligned with constructivist principles and avoided many of the traditional barriers to 

implementation discussed in prior research.  While Olivia’s circumstances should have provided 

her with a far better chance of being successful than the teachers described in Article One, 

neither setting successfully positioned students’ lived experiences, interests, values, and social 

concerns as central components of their challenges or utilized students’ lived experiences to 

solve problems they perceived as relevant and meaningful. Further, despite the differences in 

student populations, varying degrees of teacher training in PBL practices, barriers and constraints 

to implementation, and administrative support within the school settings, neither Article One nor 

Article Two evidenced activities that actually met the criteria for STEM-focused PBL when 

enacted in the classroom.  

 All three educators failed to connect students’ lived experiences to the scientific 

concepts and problems addressed in the lessons. Without opportunities for learners to build upon 

prior knowledge that validates their experiences, developing and strengthening their identities as 

valued participants in the larger learning community is unlikely to occur (Darder, 2012; López, 

2017).  Article Three of this study addressed this issue directly with the construction of a 

framework that could help all of the educators described in this research develop and leverage 

their students’ assets through problem-based challenges.   

The Problem-based Learning through Asset Mapping (PLAM) framework was created to 

counter a deficit-based narrative often used to describe students from under-resourced schools by 

encouraging both students and educators to recognize the valuable assets all participants bring to 
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the PBL process. Identifying assets in the early stages of PBL implementation may allow both 

educators and learners to mobilize these resources to encourage a sense of ownership and an 

enhanced commitment to the problem-solving process. Exposure to asset-based instructional 

strategies like PBL can encourage and support the identity development of traditionally 

underserved learners, particularly for those interested in pursuing careers where they are often 

underrepresented (Coleman & Davis, 2020).  

While this PBL asset-focused framework was designed with students from under-

resourced schools and communities in mind, its application is flexible and can benefit educators 

and students in a variety of learning environments and instructional contexts.  The development 

of this framework was the direct result of the lessons learned from the first two articles in this 

study.  Nari, Taylor, and Olivia’s experiences in the classroom were the inspiration for the 

creation of a tool with the capacity to increase both learners and educators' knowledge of one 

another’s assets and shift the focus away from learner’s deficits and towards their assets, skills, 

and strengths. 

In the case of Nari, the strong influence of proximate social structures supported her as 

she enacted her identity as a person capable of taking on a science role (Stryker et al. 2005; 

Serpe & Stryker, 2011).  The STEM-related occupations of Nari’s immediate family members, 

which included nurses and electricians, along with the parental expectations and encouragement 

she received, appeared to positively impact her ability to view a STEM-related career as 

attainable. In her interview, Nari did not express an awareness of how her social, technological, 

psychological, and cultural assets could be applied to solve problems in the context of her PBL 

classroom challenge.  Both Nari and her teacher would have benefited from having an awareness 

of these assets as this knowledge has been shown to positively impact learner success, 
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achievement, behavior, and motivation (Eloff & De Wet, 2009; Starkman, 2006). It is equally 

important for educators tasked with implementing innovative reform initiatives in the classroom 

to develop an awareness and knowledge of their own assets and how they can be leveraged to 

positively impact the learning experience for all participants.  

Olivia was a model teacher with strengths and accomplishments that had been recognized 

by others throughout her career. She felt highly efficacious in STEM-related subjects such as 

math and science and her self-efficacy was strengthened each year as her standardized test scores 

demonstrated her ability to cover content effectively. While she had an awareness of her own 

assets and how they could be applied to the context of her dedicated STEM course, assets she 

described as salient were narrowly focused and often unrelated to the task of spearheading an 

innovative inquiry-based program for students across grade levels. The experience of 

deliberately considering a wider range of possible assets, such as those included in the PLAM 

framework, could lead to increased feelings of empowerment, connectedness, and value. 

Lessons learned from each of the articles described in this study can be used as the 

impetus for the creation of a new vision for PBL, one that reframes its goals and opens up the 

possibility for this instructional strategy to truly strengthen identity in STEM, increase teacher 

self-efficacy to implement inquiry-based reform initiatives, and leverage students’ social, 

cultural, technological, and psychological assets to solve problems in their communities. This 

approach does not encourage educators to ignore students’ existing needs, often referred to as 

deficits, and focus only on assets. As a classroom educator for over a decade, I understand first-

hand the importance of assessing student needs and developing ways to best address them to 

support their success. This approach, and the supporting PLAM framework, do not ignore the 

realities, expectations, and constraints teachers face delivering instruction each day. Rather, it 
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outlines a paradigm shift, inspired by principles of positive psychology, that moves the primary 

goal of instruction away from addressing student deficits and toward an asset-based approach 

that emphasizes what is positive and what works.   

If problem-based learning is to continue to be a useful instructional strategy for 

supporting self-directed learning, collaboration, critical thinking, and problem solving it must 

continue to evolve. The implementation of PBL has the potential to truly empower students to 

become agents of change to their communities.  To accomplish this goal educators must 

recognize the assets students bring to the learning process, make these assets knows to the 

students, and work together with students to leverage their lived experiences to solve problems 

that are relevant and meaningful to them.   

Future research will include analyzing the use of the PLAM framework in both STEM-

dedicated and traditional classrooms.  A possible intervention would be designed to first 

conducted professional development experiences for teachers to learn the framework and 

practice it to solve their own problem. Creating opportunities to build efficacy utilizing the 

PLAM framework could support the future implementation of the framework for PBL STEM-

focused learning experiences.  
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APPENDIX A: STUDENT INTERVIEW PROTOCOL  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 110 

Interview Protocol:  The purpose of this interview is to gain insight into the experiences, beliefs, and attitudes of two 

traditionally underrepresented elementary school students after participating in a STEM-focused PBL activity within the 

context of their school science classroom 

 

Data Question Prompts & elicitations 

To break the ice and 

provide some background. 

Tell me a little bit about yourself. Age 

Teacher 

Amount of time at this school 

and reasons no longer at home 

school 

 

Girl’s self-

perception/identity   

If you could describe yourself using three words, 

what would they be? 

 

Three words  

Rationale for each word 

Field/career aspirations Tell me about what you hope to be when you grow 

up 

If STEM related ask if she 

knows anyone (and if so, who) 

working in that field. 

 

School subject preferences  

 

Tell me about your favorite subject in school. What do you feel you are good 

at? 

Feelings about STEM 

related subjects 

Tell me your feelings about subjects like math and 

science. 

 

Positive 

Negative 

Experience in STEM 

setting 

Tell me about a time you participated in a math or 

science activity. 

What did she do  

Role in the group 

Student description of how 
the envision a STEM 

participant 

Please draw an image of a scientist or a 
mathematician. 

What type of people does she 
think become scientists and 

mathematicians?  

Experiencing in STEM 

based courses 

Tell me about your experience as math and science 

student? 

  

Positive experiences 

Negative experiences 

Member-checking Paraphrase what I heard about main topic: 

1.  how she described herself 

2.  her feelings about STEM-related subjects 

3.  her drawing of a scientist  

4.  her experience as a student 

Ask for response  
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APPENDIX B: TEACHER INTERVIEW PROTOCOL 
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APPENDIX C: IRB EXEMPTION 



 115 

 



 116 

LIST OF REFERENCES 

Aldabbus, S. (2018). Project-based learning: Implementation & challenges. International  

Journal of Education, Learning and Development, 6(3), 71–79. 

Amory, A. (2015). Models to support learning and teaching with technology. Saide.  

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B. (2010). “Doing”  

science versus “being” a scientist: Examining 10/11-year-old schoolchildren’s 

constructions of science through the lens of identity. Science Education, 94(4), 617–639. 

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., &Wong, B. (2012). Science  

aspirations, capital, and family habitus: How families shape children’s engagement and 

identification with science. American Educational Research Journal, 49(5), 881–908. 

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B. (2013). ‘Not girly,  

not sexy, not glamorous’: Primary school girls’ and parents’ constructions of science 

aspirations.  Pedagogy, Culture & Society, 21(1), 171–194.  

Ashton, P. (1984). Teacher efficacy: A motivational paradigm for effective teacher education.  

Journal of Teacher Education, 35, 28–32. http://doi.org/10.1177/002248718403500507  

Atkins, K., Dougan, B. M., Dromgold-Sermen, M. S., Potter, H., Sathy, V., & Panter, A.  

T. (2020). “Looking at myself in the future": How mentoring shapes scientific identity for 

STEM students from underrepresented groups. International Journal of STEM 

Education, 7(1), 42. http://doi.org/10.1186/s40594-020-00242-3  

Austin, K., Orcutt, S., & Rosso, J. (2001). How people learn: Introduction to learning theories.  

The learning classroom: Theory into practice: A telecourse for teacher education and 

professional development. Stanford University Press. 

http://doi.org/10.1177/002248718403500507
http://doi.org/10.1186/s40594-020-00242-3


 117 

Bandura, A. (Ed.). (1995). Self-efficacy in changing societies. Cambridge University Press. 

http://doi.org/10.1017/CBO9780511527692 

Banks, J.A., Au, K.H., Ball, A.F., Bell, P., Gordon, E.W., Gutierrez, K.D., Heath, S.B.,  

Lee, C.D., Lee, Y., Mahiri, J., Nasir, N.S., Valdes, G. & Zhou, M. (2007). Learning in 

and out of school in diverse environments: Life-long, life-wide, life-deep. The LIFE 

Center and the Center for Multicultural Education, University of Washington., Seattle. 

Barneveld, A.V. & Strobel, J. (2009). When is PBL more effective? A meta-synthesis 

of meta-analyses comparing PBL to conventional classrooms. Interdisciplinary 

Journal of Problem-Based Learning, 3(1), 44–58. 

Barron, B., Darling-Hammond, L. (2008). Teaching for meaningful learning: A review  

of research on inquiry-based and cooperative learning. In Darling-Hammond, L., Barron, 

B., Pearson, D., Schoenfeld, A.H., Stage, E.K., Zimmerman, T.D., Cervetti, G.N., & 

Tilson, J.L. (Eds.). Powerful learning: What we know about teaching for understanding. 

Jossey-Bass.  

Barrows, H. (2002). Is it truly possible to have such a thing as dPBL? Distance Education,  

23(1), 119-122. http://doi.org/10.1080/01587910220124026  

Baeten, M., Kyndt, E., Struyven, K., & Dochy, F. (2010). Using student-centered  

learning environments to stimulate deep approaches to learning: Factors encouraging or 

discouraging their effectiveness. Educational Research Review, 5(3), 243–260. 

Barton, A. C. (1998). Teaching science with homeless children: Pedagogy,  

representation, and identity. Journal of Research in Science Teaching: The Official 

Journal of the National Association for Research in Science Teaching, 35(4), 379–394. 

http://doi.org/10.1002/(SICI)1098-2736(199804)35:4%3C379::AID-TEA8%3E3.0.CO;2-N  

http://doi.org/10.1017/CBO9780511527692
http://doi.org/10.1080/01587910220124026
http://doi.org/10.1002/(SICI)1098-2736(199804)35:4%3C379::AID-TEA8%3E3.0.CO;2-N


 118 

Barton, A. C., Tan, E., & Greenberg, D. (2016). The makerspace movement: Sites of  

possibilities for equitable opportunities to engage underrepresented youth in STEM. 

Teachers College Record, 119(6), 1–44.  

Basu, S. J., & Barton, A. C. (2007). Developing a sustained interest in science among  

urban minority youth. Journal of Research in Science Teaching, 44(3), 466–489. 

Bayne, S., & Ross, J. (2007, December). The ‘digital native’ and ‘digital immigrant’: a  

dangerous opposition. In Annual Conference of the Society for Research into Higher 

Education (SRHE) (Vol. 20). 

Beck, J., Czerniak, C. M., & Lumpe, A. T. (2000). An exploratory study of teachers' beliefs  

regarding the implementation of constructivism in their classrooms. Journal of Science 

Teacher Education, 11(4), 323–343. 

Bell, S. (2010). Project-based learning for the 21st century: Skills for the future. Clearing House, 

83(2), 39–43. http://doi.org/10.1080/00098650903505415  

Belland, B.R., Glazewski, K.D., & Ertmer, P.A. (2009). Inclusion and problem-based  

learning: Roles of students in a mixed-ability group. RMLE Online: Research in Middle-

Level Education, 32(9), 1–19.  

Bevan, B., Gutwill, J. P., Petrich, M., & Wilkinson, K. (2015). Learning through STEM‐ 

rich tinkering: Findings from a jointly negotiated research project taken up in practice. 

Science Education, 99(1), 98–120. http://doi.org/10.1002/sce.21151  

Blumenfeld, P. C., & Meece, J. L. (1988). Task factors, teacher behavior, and students’ 

involvement and use of learning strategies in science. The Elementary School Journal, 

88(3), 235–250. 

Blumenfeld, P.C., Soloway, E., Marx, R.W., Krajcik, J.S., Guzdial, M., & Palincsar, A. (1991).  

http://doi.org/10.1080/00098650903505415
http://doi.org/10.1002/sce.21151


 119 

Motivating project-based learning: Sustaining the doing, supporting the learning. 

Educational Psychologist, 26(3), 369–398. 

Blumenfeld, P. C., Krajcik, J. S., Marx, R. W., & Soloway, E. (1994). Lessons learned: How 

collaboration helped middle grade science teachers learn project-based instruction. 

Elementary School Journal, 94(5).  539–551. 

Boaler, J.O., & Staples, M. (2008). Creating mathematical futures through an equitable  

teaching approach: The case of Railside School. Teachers College Record, 110 (3), 608–

645.  

Bogdan, R., & Biklen, S. K. (1997). Qualitative research for education. Allyn &  

Bacon. 

Boud, D., & Feletti, G. (1997). The challenge of problem-based learning (2nd ed.). 

Kogan Page. http://doi.org/10.4324/9781315042039  

Bourke, B. (2014). Positionality: Reflecting on the research process. The Qualitative  

Report 19(33), 1–9. http://doi.org/10.46743/2160-3715/2014.1026  

Brickhouse, N. W., Lowery, P., & Schultz, K. (2000). What kind of a girl does science?  

the construction of school science identities. Journal of Research in Science Teaching, 

37(5), 441–458. http://doi.org/10.1002/(SICI)1098-2736(200005)37:5%3C441::AID-

TEA4%3E3.0.CO;2-3  

Brickhouse, N. W., & Potter, J. T. (2001). Young women's scientific identity formation in  

an urban context. Journal of Research in Science Teaching: The Official Journal of the 

National Association for Research in Science Teaching, 38(8), 965–980. 

http://doi.org/10.1002/tea.1041  

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in  

http://doi.org/10.4324/9781315042039
http://doi.org/10.46743/2160-3715/2014.1026
http://doi.org/10.1002/(SICI)1098-2736(200005)37:5%3C441::AID-TEA4%3E3.0.CO;2-3
http://doi.org/10.1002/(SICI)1098-2736(200005)37:5%3C441::AID-TEA4%3E3.0.CO;2-3
http://doi.org/10.1002/tea.1041


 120 

Psychology, 3, 77–101. http://doi.org/10.1191/1478088706qp063oa  

Braun, V., & Clarke, V. (2021). Can I use TA? Should I use TA? Should I not use TA?  

Comparing reflexive thematic analysis and other pattern based qualitative analytic 

approaches. Counseling and Psychotherapy Research, 21(1), 37–47. 

Braun, V., & Clarke, V. (2020). One size fits all? What counts as quality practice in (reflexive)  

thematic analysis?. Qualitative Research in Psychology, 18(93), 1–25. 

http://doi.org/10.1080/14780887.2020.1769238  

Buck, G. A., Akerson, V. L., Quigley, C. F., & Weiland, I. S. (2014). Exploring the  

potential of using explicit reflective instruction through contextualized and 

decontextualized approaches to teach first-grade African American girls the practices of 

science. Electronic Journal of Science Education, 18(6). 

Byrne, D. (2021). A worked example of Braun and Clarke’s approach to reflexive thematic  

analysis. Quality & Quantity, 1–22. http://doi.org/10.1007/s11135-021-01182-y  

Campbell, L. O., Gibson, T., Pollack, J., & Watkins, S. (2019, March). Exploring  

messaging in STEM YouTube videos. In Society for Information Technology & Teacher 

Education International Conference Proceedings (pp. 76–80). Association for the 

Advancement of Computing in Education (AACE). 

Caprara, G. V., Barbaranelli, C., Steca, P., & Malone, P. S. (2006). Teachers' self-efficacy  

beliefs as determinants of job satisfaction and students' academic achievement: A study at 

the school level. Journal of School Psychology, 44(6), 473–490. 

http://doi.org/10.1016/j.jsp.2006.09.001  

Capraro, R. M., & Slough, S. W. (2013). Why PBL? Why STEM? Why now? An  

http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1080/14780887.2020.1769238
http://doi.org/10.1007/s11135-021-01182-y
http://doi.org/10.1016/j.jsp.2006.09.001


 121 

introduction to STEM project-based learning: An integrated science, technology, 

engineering, and mathematics (STEM) approach. In STEM project-based learning (pp. 

1–5). Brill Sense. http://doi.org/10.1007/978-94-6209-143-6_1  

Carlone, H. B., & Johnson, A. (2007). Understanding the science experiences of  

successful women of color: Science identity as an analytic lens. Journal of Research in 

Science Teaching: The Official Journal of the National Association for Research in 

Science Teaching, 44(8), 1187–1218. http://doi.org/10.1002/tea.20237  

Carlone, H. B., Haun-Frank, J., & Webb, A. (2011). Assessing equity beyond knowledge-  

and skills-based outcomes: A comparative ethnography of two fourth-grade reform-based 

science classrooms. Journal of Research in Science Teaching, 48, 459–485. 

Carlone, H. B., Scott, C. M., & Lowder, C. (2014). Becoming (less) scientific: A  

longitudinal study of students' identity work from elementary to middle school science. 

Journal of Research in Science Teaching, 51(7), 836–869.  

Chang, M. J., Sharkness, J., Hurtado, S., & Newman, C. B. (2014). What matters in 

college for retaining aspiring scientists and engineers from underrepresented racial 

groups. Journal of Research in Science Teaching, 51(5), 555–580. 

http://doi.org/10.1002/tea.21146  

Chichekian, T. & Shore, B. (2016). Preservice and practicing teachers’ self-efficacy for inquiry- 

based instruction. Cogent Education, 3(1). 

https://doi.org/10.1080/2331186X.2016.1236872  

Chis, A. E., Moldovan, A. N., Murphy, L., Pathak, P., & Muntean, C. H. (2018). Investigating  

flipped classroom and problem-based learning in a programming module for computing 

conversion course. Journal of Educational Technology & Society, 21(4), 232–247. 

http://doi.org/10.1007/978-94-6209-143-6_1
http://doi.org/10.1002/tea.20237
http://doi.org/10.1002/tea.21146
https://doi.org/10.1080/2331186X.2016.1236872


 122 

Christensen, R., Knezek, G., & Tyler-Wood, T. (2015). Alignment of hands-on STEM  

engagement activities with positive STEM dispositions in secondary school students. 

Journal of Science Education and Technology, 24(6), 898–909. 

http://doi.org/10.1007/s10956-015-9572-6  

Chita-Tegmark, M., Gravel, J. W., Maria De Lourdes, B. S., Domings, Y., & Rose, D. H. (2012).  

Using the universal design for learning framework to support culturally diverse learners. 

Journal of Education, 192(1), 17–22. http://doi.org/10.1177/002205741219200104  

Clarke, V. & Braun, V. (2013) Teaching thematic analysis: Overcoming challenges and  

developing strategies for effective learning. The Psychologist, 26(2), 120–123. 

Collins, K. H. (2018). Confronting color-blind STEM talent development: Toward a  

contextual model for Black student STEM identity. Journal of Advanced Academics, 

29(2), 143–168. http://doi.org/10.1177/1932202X18757958  

Coleman, S. T., & Davis, J. (2020). Using asset-based pedagogy to facilitate STEM learning,  

engagement, and motivation for Black middle school boys. Journal of African American 

Males in Education (JAAME), 11(2), 76–94.  

Condliffe, B., Visher, M. G., Bangser, M. R., Drohojowska, S. & Saco, L. (2015). Project based  

learning: A literature review. MDRC. 

Connors-Kellgren, A., Parker, C. E., Blustein, D. L., & Barnett, M. (2016). Innovations and  

challenges in project-based STEM education: Lessons from ITEST. Journal of Science 

Education and Technology, 25(6), 825–832. http://doi.org/10.1007/s10956-016-9658-9  

Corbin, J., & Strauss, A. (2014). Basics of qualitative research: Techniques and  

procedures for developing grounded theory. Sage. 

Creswell, J.W. (2013). Qualitative inquiry & research design: Choosing among five  

http://doi.org/10.1007/s10956-015-9572-6
http://doi.org/10.1177/002205741219200104
http://doi.org/10.1177/1932202X18757958
http://doi.org/10.1007/s10956-016-9658-9


 123 

approaches (3rd or 4th ed.). Sage. 

Crotty, M. (1998). The foundations of social research: Meaning and perspective in the  

research process. Sage.  

http://doi.org/10.4324/9781003115700  

Daniels, D. H., & Shumow, L. (2003). Child development and classroom teaching: A review  

of the literature and implications for educating teachers. Applied Developmental 

Psychology, 23, 495 – 526. http://doi.org/10.1016/S0193-3973(02)00139-9  

Delgado, R., & Stefancic, J. (2017). Critical race theory: An introduction (Vol. 20).  

NYU Press. 

Dembo, M. H., & Gibson, S. (1985). Teachers' sense of efficacy: An important factor in school  

improvement. The elementary school journal, 86(2), 173–184. 

http://doi.org/10.1086/461441  

Denzin, N. K., & Lincoln, Y. S. (2003). The landscape of qualitative research: Theories and  

issues. Sage. 

Dischino, M., DeLaura, J. A., Donnelly, J., Massa, N. M., & Hanes, F. (2011). Increasing the  

STEM pipeline through problem-based learning. Technology Interface International 

Journal, 12(1), 21-29.  

Dou, R., Hazari, Z., Dabney, K., Sonnert, G., & Sadler, P. (2019). Early informal STEM  

experiences and STEM identity: The importance of talking science. Science Education, 

103(3), 623–637. 

Driver, R., Asoko, H., Leach, J., Scott, P., & Mortimer, E. (1994). Constructing scientific  

knowledge in the classroom. Educational Researcher, 23(7), 5–12. 

http://doi.org/10.3102/0013189X023007005 

http://doi.org/10.4324/9781003115700
http://doi.org/10.1016/S0193-3973(02)00139-9
http://doi.org/10.1086/461441
http://doi.org/10.3102/0013189X023007005


 124 

Duran, M., Höft, M., Lawson, D. B., Medjahed, B., & Orady, E. A. (2014). Urban high  

school students’ IT/STEM learning: Findings from a collaborative inquiry-and design-

based afterschool program. Journal of Science Education and Technology, 23(1), 116–

137.  

Durlak, J. A., & Weissberg, R. P. (2011). Promoting social and emotional development is an  

essential part of students’ education. Human Development, 54, 1–3.  

http://doi.org/10.1159/000324337  

Edmunds, J., Arshavsky, N., Glennie, E., Charles, K., & Rice, O. (2017). The Relationship  

between project-based learning and rigor in STEM-focused high schools. 

Interdisciplinary Journal of Problem-Based Learning, 11(1). 

https://doi.org/10.7771/1541-5015.1618  

Eloff, I., & De Wet, A. (2009). Opting for assets to enrich pre‐school learning. Early Child  

Development and Care, 179(3), 247–257. http://doi.org/10.1080/03004430601156887  

Ernest, P. (1989). The knowledge, beliefs and attitudes of the mathematics teacher: A  

model. Journal of Education for Teaching, 15(1), 13-33. 

http://doi.org/10.1080/0260747890150102  

Ertmer, P.A., Glazewski, K.D., Jones, D., Ottenbreit-Leftwich, A., Goktas, Y., Collins, K., & 

Kocaman, A. (2009). Facilitating technology-enhanced problem-based learning (PBL) in 

the middle school classroom: An examination of how and why teachers adapt. Journal of 

Interactive Learning Research, 20(1), 35–54.  

Espinosa, L. (2011). Pipelines and pathways: Women of color in undergraduate STEM  

majors and the college experiences that contribute to persistence. Harvard Educational 

Review, 81(2), 209–241. http://doi.org/10.17763/haer.81.2.92315ww157656k3u  

http://doi.org/10.1159/000324337
https://doi.org/10.7771/1541-5015.1618
http://doi.org/10.1080/03004430601156887
http://doi.org/10.1080/0260747890150102
http://doi.org/10.17763/haer.81.2.92315ww157656k3u


 125 

Evans-Winters, V. E. (2005). Teaching black girls: Resiliency in urban classrooms (Vol.  

279). Peter Lang. 

Finson, K. (2003). Applicability of the DAST-C to the Images of Scientists Drawn by  

Students of Different Racial Groups. Journal of Elementary Science Education, 15(1), 

15–26.  

Flint, A. S., & Jaggers, W. (2021). You matter here: The impact of asset-based pedagogies on  

learning. Theory into Practice, 1-11. http://doi.org/10.1080/00405841.2021.1911483  

Fraser, J., Shane-Simpson, C., & Asbell-Clarke, J. (2014). Youth science identity, science  

learning, and gaming experiences. Computers in Human Behavior, 41, 523–532. 

Freire, P. (2000). Pedagogy of the oppressed. Bloomsbury. 

Friedman, I. A., & Kass, E. (2002). Teacher self-efficacy: A classroom-organisation  

conceptualisation. Teaching and Teacher Education, 18, 675–686.  

Fullan, M. (2015).  The new meaning of educational change (5th ed.). Teachers College Press. 

Gauntlett, D. (2008). Media, gender and identity: An introduction. Routledge. 

Gay, G. (2010). Culturally responsive teaching: Theory, research, and practice (2nd ed.), 

Teachers College Press. 

Gee, J. P. (2000). Chapter 3: Identity as an analytic lens for research in education. Review of 

Research in Education, 25(1), 99–125. 

Grbich, C. (2013). Qualitative data analysis (2nd ed.). Sage. 

Geier, R., Blumenfeld, P. C., Marx, R. W., Krajcik, J. S., Fishman, B., Soloway, E., & Clay- 

Chambers, J. (2008). Standardized test outcomes for students engaged in inquiry-based 

science curricula in the context of urban reform. Journal of Research in Science 

Teaching, 45, 922–939. http://doi.org/10.1002/tea.20248  

http://doi.org/10.1080/00405841.2021.1911483
http://doi.org/10.1002/tea.20248


 126 

Green, D. (2006). Historically underserved students: What we know, what we still need  

to know. New Directions for Community Colleges, 2006(135), 21–28. 

http://doi.org/10.1002/cc.244  

González, N., Moll, L. & Amanti, C. (2005). Funds of knowledge: Theorizing  

practices in households, communities, and classrooms. Lawrence Erlbaum Associates. 

Goodwin, A. L. (2010). Globalization and the preparation of quality teachers: Rethinking  

knowledge domains for teaching. Teaching Education, 21, 19–32.  

http://doi.org/10.1080/10476210903466901  

Guetterman, T. (2015) Descriptions of sampling practices within five approaches to  

qualitative research in education and the health sciences. Qualitative Social Research, 

16(2), Art. 25. 

Gwee, M. C. E. (2009). Problem‐based learning: A strategic learning system design for  

the education of healthcare professionals in the 21st century. The Kaohsiung Journal of 

Medical Sciences, 25(5), 231–239. http://doi.org/10.1016/S1607-551X(09)70067-1  

Hachey, A.C. (2020), Success for all: fostering early childhood STEM identity. Journal of  

Research in Innovative Teaching & Learning, 13(1), 135–139. 

https://doi.org/10.1108/JRIT-01-2020-0001  

Halcomb, E. J., & Davidson, P. M. (2006). Is verbatim transcription of interview data  

always necessary? Applied Nursing Research, 19(1), 38–42. 

Halvorsen, A., Duke, N., Brugar, K., Block, M., Strachan, S., Berka, M., & Brown, J.  

(2014). Narrowing the achievement gap in 2nd-grade social studies and content-area 

literacy: The promise of a problem-based learning approach. Michigan State University, 

Education Policy Center. 

http://doi.org/10.1002/cc.244
http://doi.org/10.1080/10476210903466901
http://doi.org/10.1016/S1607-551X(09)70067-1
https://doi.org/10.1108/JRIT-01-2020-0001


 127 

Hammersley, M., & Atkinson, P. (2019). Ethnography: Practices and principles. 

Routledge. http://doi.org/10.4324/9781315146027  

Han, S., Capraro, R., & Capraro, M. M. (2015). How science, technology, engineering,  

and mathematics (STEM) project-based learning (PBL) affects high, middle, and low 

achievers differently: The impact of student factors on achievement. International 

Journal of Science and Mathematics Education, 13(5), 1089–1113. 

Hand, B. M., Alvermann, D. E., Gee, J., Guzzetti, B. J., Norris, S. P., Phillips, L. M., &  

Yore, L.D.  (2003). Message from the “island group”: What is literacy in science 

literacy? Journal of Research in Science Teaching, 40(7), 607–615. 

http://doi.org/10.1002/tea.10101  

Harrell-Levy, M. K., & Kerpelman, J. L. (2010). Identity process and transformative  

pedagogy: Teachers as agents of identity formation. Identity: An International Journal of 

Theory and Research, 10(2), 76–91. 

Hashweh , M. Z.( 1996 ). Effects of science teachers’ epistemological beliefs in  

teaching. Journal of Research in Science Teaching, 33, 47–63.  

http://doi.org/10.1002/(SICI)1098-2736(199601)33:1%3C47::AID-TEA3%3E3.0.CO;2-P  

Hatch, J. A. (2002). Doing qualitative research in education settings. Albany, NY: SUNY Press. 

Herrera, F. A., Hurtado, S., Garcia, G. A., & Gasiewski, J. (2012). A model for  

redefining STEM identity for talented STEM graduate students. University of California. 

http://heri.ucla.edu/nih/downloads/AERA2012HerreraGraduateSTEMIdentity.pdf  

Herring, J. (2017). Empowering high-needs students with problem-based learning through  

http://doi.org/10.4324/9781315146027
http://doi.org/10.1002/tea.10101
http://doi.org/10.1002/(SICI)1098-2736(199601)33:1%3C47::AID-TEA3%3E3.0.CO;2-P
http://heri.ucla.edu/nih/downloads/AERA2012HerreraGraduateSTEMIdentity.pdf


 128 

mobile technology. In Mills, M., & Wake, D. (Eds.), Empowering learners with mobile 

open-access learning initiatives (pp. 1–12). IGI Global.  http://doi.org/10.4018/978-1-

5225-2122-8.ch001  

Hoffman, B. H. (2015). Motivation for learning and performance. Academic 

Press. 

Hung, W., Jonassen, D. H., & Liu, R. (2008). Problem-based learning. In M. Spector, D. Merrill,  

J. van Merrienboer, & M. Driscoll (Eds.), Handbook of research on educational 

communications and technology (3rd ed.). Erlbaum. 

Hung, W. (2011). Theory to reality: A few issues in implementing problem-based learning.  

Educational Technology Research and Development, 59(4), 529–1552. 

http://doi.org/10.1007/s11423-011-9198-1  

Jagers, R. J., Rivas-Drake, D., & Borowski, T. (2018). Equity & social and emotional learning:  

A cultural analysis. CASEL Assessment Work Group Brief series.  

https://measuringsel.casel.org/wp-content/uploads/2018/11/Frameworks-Equity.pdf  

Jensen, E. (2009). Teaching with poverty in mind: What being poor does to kids’ brains and  

what schools can do about it. ASCD. 

Johnstone, P. (2007). Weighing up triangulating and contradictory evidence in mixed methods  

organizational research. International Journal of Multiple Research Approaches, 1, 27–

38.  

Jones, S. R., & McEwen, M. K. (2000). A conceptual model of multiple dimensions of  

identity. Journal of College Student Development, 41(4), 405–414. 

Jones, L., Ludi, E., & Levine, S. (2010, December). Towards a characterisation of adaptive  

http://doi.org/10.4018/978-1-5225-2122-8.ch001
http://doi.org/10.4018/978-1-5225-2122-8.ch001
http://doi.org/10.1007/s11423-011-9198-1
https://measuringsel.casel.org/wp-content/uploads/2018/11/Frameworks-Equity.pdf


 129 

capacity: a framework for analysing adaptive capacity at the local level. Overseas 

Development Institute, London, England. 

https://ssrn.com/abstract=2782323  

Kek, M., & Huijser, H. (2016). Problem-based learning into the future: Imagining an agile PBL  

ecology for learning. Springer.  

Kelly, A., (1985). The construction of masculine science. British Journal of Sociology of 

Education, 6(2), 133–54. 

Keyes, C. L., & Haidt, J. (2003). Human flourishing: The study of that which  

makes life worthwhile. Flourishing: Positive Psychology and the Life Well-lived, 3–12.  

Khalaf, B. K. (2018). Traditional and inquiry-based learning pedagogy: A systematic critical  

review. International Journal of Instruction, 11(4), 545–564.  

http://doi.org/10.12973/iji.2018.11434a  

King, N. S., & Pringle, R. M. (2019). Black girls speak STEM: Counterstories of informal and  

formal learning experiences. Journal of Research in Science Teaching, 56(5), 539–569. 

http://doi.org/10.1002/tea.21513  

Kim, A. Y., Sinatra, G. M., & Seyranian, V. (2018). Developing a STEM identity among  

young women: A social identity perspective. Review of Educational Research, 88(4), 

589–625. http://doi.org/10.3102/0034654318779957  

King, N. (2004). Using templates in the thematic analysis of text. In Cassell, C., Symon, G.  

(Eds.), Essential guide to qualitative methods in organizational research (pp. 257–270). 

Sage. http://doi.org/10.4135/9781446280119.n21  

Klassen, R. M., Tze, V. M., Betts, S. M., & Gordon, K. A. (2011). Teacher efficacy research  

https://ssrn.com/abstract=2782323
http://doi.org/10.12973/iji.2018.11434a
http://doi.org/10.1002/tea.21513
http://doi.org/10.3102/0034654318779957
http://doi.org/10.4135/9781446280119.n21


 130 

1998–2009: Signs of progress or unfulfilled promise?. Educational Psychology Review, 

23(1), 21–43. Chicago. http://doi.org/10.1007/s10648-010-9141-8  

Klymchuk, S., Zverkova, T., Gruenwald, N. & Sauerbier, G. (2008). Increasing engineering 

students’ awareness to environment through innovative teaching of mathematical 

modeling. Teaching Mathematics and its Applications: An International Journal of the 

IMA, 27(3), 123–130. 

Kourany, J. A. (2002). The gender of science. Prentice Hall. 

Krajcik, J. S., Blumenfeld, P. C., Marx, R. W., Bass, K. M., Fredricks, J., & Soloway, E. (1998).  

Inquiry in project-based science classrooms: Initial attempts by middle school students. 

The Journal of the Learning Sciences, 7, 313–350. 

http://doi.org/10.1080/10508406.1998.9672057  

Kretzmann, J. P., and McKnight, J.L. (1993). Building communities from the inside out: A  

path toward finding and mobilizing a community’s assets. Institute for  

Policy Research.  

Kuh, G. D. (2008). Excerpt from high-impact educational practices: What they are, who  

has access to them, and why they matter. Association of American Colleges and 

Universities, 14(3), 28–29. 

Labone, E. (2004). Teacher efficacy: Maturing the construct through research in alternative  

paradigms. Teaching and teacher education, 20(4), 341-359. 

http://doi.org/10.1016/j.tate.2004.02.013  

LaForce, M., Noble, E., & Blackwell, C. (2017). Problem-based learning (PBL) and  

student interest in STEM careers: The roles of motivation and ability beliefs. Education 

Sciences, 7(4), 92. http://doi.org/10.3390/educsci7040092  

http://doi.org/10.1007/s10648-010-9141-8
http://doi.org/10.1080/10508406.1998.9672057
http://doi.org/10.1016/j.tate.2004.02.013
http://doi.org/10.3390/educsci7040092


 131 

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation.  

Cambridge University Press. http://doi.org/10.1017/CBO9780511815355  

Leroy, N., Bressoux, P., Sarrazin, P., & Trouilloud, D. (2007). Impact of teachers’ implicit  

theories and perceived pressures on the establishment of an autonomy supportive 

climate. European Journal of Psychology of Education, 22(4), 529–545. 

http://doi.org/10.1007/BF03173470  

Lofgran, B. B., Smith, L. K., & Whiting, E. F. (2015). Science self‐efficacy and school  

transitions: Elementary school to middle school, middle school to high school. School 

Science and Mathematics, 115(7), 366–376. http://doi.org/10.1111/ssm.12139  

López, F. A. (2017). Altering the trajectory of the self-fulfilling prophecy: Asset-based pedagogy  

and classroom dynamics. Journal of Teacher Education, 68(2), 193–212. 

http://doi.org/10.1177/0022487116685751  

Lumpe, A., Czerniak, C., Haney, J., & Beltyukova, S. (2012). Beliefs about teaching science: 

The relationship between elementary teachers’ participation in professional development 

and student achievement. International Journal of Science Education, 34(2), 153–166. 

http://doi.org/10.1080/09500693.2010.551222  

Macdonald, K., Germine, L., Anderson, A., Christodoulou, J., & McGrath, L. M. (2017).  

Dispelling the myth: Training in education or neuroscience decreases but does not 

eliminate beliefs in neuromyths. Frontiers in Psychology, 8, 13–14. 

http://doi.org/10.3389/fpsyg.2017.01314  

Major, L., Watson, S., & Kimber, E. (2017). Teacher change in post-16 mathematics: A multiple  

case analysis of teachers in the Zone of Enactment. 13th International Congress on 

Mathematical Education. Hamburg, Germany. 

http://doi.org/10.1017/CBO9780511815355
http://doi.org/10.1007/BF03173470
http://doi.org/10.1111/ssm.12139
http://doi.org/10.1177/0022487116685751
http://doi.org/10.1080/09500693.2010.551222
http://doi.org/10.3389/fpsyg.2017.01314


 132 

Mangiante, E. M. S. (2011). Teachers matter: Measures of teacher effectiveness in low-income  

minority schools. Educational Assessment, Evaluation and Accountability, 23(1), 41–63. 

http://doi.org/10.1007/s11092-010-9107-x  

Margot, K. C., & Kettler, T. (2019). Teachers’ perception of STEM integration and education: a  

systematic literature review. International Journal of STEM education, 6(1), 1–16. 

http://doi.org/10.1186/s40594-018-0151-2  

Marshall, C., & Rossman, G. B. (2014). Designing qualitative research. Sage publications. 

Maton, K. I., Beason, T. S., Godsay, S., Sto Domingo, M. R., Bailey, T. C., Sun, S., & 

Hrabowski, F. A. (2016). Outcomes and processes in the Meyerhoff scholars program: 

STEM PhD completion, sense of community, perceived program benefit, science 

identity, and research self-efficacy. CBE Life Sciences Education, 15(3), ar48. 

http://doi.org/10.1187/cbe.16-01-0062  

McKay, J., & Devlin, M. (2016). ‘Low income doesn't mean stupid and destined for failure':  

challenging the deficit discourse around students from low SES backgrounds in higher 

education. International Journal of Inclusive Education, 20(4), 347–363. 

http://doi.org/10.1080/13603116.2015.1079273   

Mergendoller, J.R., Markham, T., Ravitz, J., Larmer, J. (2006). Pervasive management of  

project-based learning: Teachers as guides and facilitators. In C. Evertson, C. M. 

Weinstein, & C. S. Weinsten (Eds.), Handbook of classroom management: Research, 

practice, and contemporary issues (pp. 583–615). Erlbaum.  

Merolla, D. M., Serpe, R. T., Stryker, S., & Schultz, P. W. (2012). Structural precursors  

to identity processes: The role of proximate social structures. Social Psychology 

Quarterly, 75(2), 149–172. http://doi.org/10.1177/0190272511436352  

http://doi.org/10.1007/s11092-010-9107-x
http://doi.org/10.1186/s40594-018-0151-2
http://doi.org/10.1187/cbe.16-01-0062
http://doi.org/10.1080/13603116.2015.1079273
http://doi.org/10.1177/0190272511436352


 133 

Merriam, S. B., & Tisdell, E. J. (2015). Qualitative research: A guide to design and  

implementation. John Wiley & Sons. 

Miller, E., Manz, E., Russ, R., Stroupe, D., & Berland, L. (2018). Addressing the  

epistemic elephant in the room: Epistemic agency and the next generation science 

standards. Journal of Research in Science Teaching, 55(7), 1053–1075. 

http://doi.org/10.1002/tea.21459  

Moll, L. C., Amanti, C., Neff, D., & Gonzalez, N. (1992). Funds of knowledge for  

teaching: Using a qualitative approach to connect homes and classrooms. Theory Into 

practice, 31(2), 132–141. http://doi.org/10.1080/00405849209543534  

Morrell, P. D., & Carroll, J. B. (2003). An extended examination of preservice elementary  

teachers' science teaching self‐efficacy. School Science and Mathematics, 103(5), 246–

251. http://doi.org/10.1111/j.1949-8594.2003.tb18205.x  

Moustakas, C. (1994). Phenomenological research methods. Sage publications.  

http://doi.org/10.4135/9781412995658  

Muis, K. R., & Foy, M. J. (2010). The effects of teachers' beliefs on elementary students' beliefs,  

motivation, and achievement in mathematics. In L. D. Bendixen & F. C. Feucht (Eds.), 

Personal epistemology in the classroom: Theory, research, and implications for practice 

(pp. 435–469). Cambridge University Press. 

https://doi.org/10.1017/CBO9780511691904.014 

Murphy, C., Beggs, J. (2005). Primary science in the UK: A scoping study. Final report  

to the Wellcome Trust. Wellcome Trust. 

National Research Council. (2000). How people learn: Brain, mind, experience, and  

school (Expanded ed.). National Academy Press.  

http://doi.org/10.1002/tea.21459
http://doi.org/10.1080/00405849209543534
http://doi.org/10.1111/j.1949-8594.2003.tb18205.x
http://doi.org/10.4135/9781412995658
https://doi.org/10.1017/CBO9780511691904.014


 134 

National Science Foundation (2019). NCESE: Women, minorities, and persons with disabilities 

in science and engineering: 2019. Special Report NSF 19–304.  

Narayan, R., & Lamp, D. (2010). Me? Teach science? Exploring EC-4 pre-service teachers’ self- 

efficacy in an inquiry-based constructivist physics classroom. Educational Research and 

Reviews, 5(12), 748–757. 

Nespor, J. (1987). The role of beliefs in the practice of teaching. Journal of Curriculum Studies,  

19, 317–328. http://doi.org/10.1080/0022027870190403  

Nie, Y., Tan, G. H., Liau, A. K., Lau, S., & Chua, B. L. (2012). The roles of teacher efficacy in  

instructional innovation: Its predictive relations to constructivist and didactic instruction. 

ERPP, 12(1), 67–77. http://dx.doi.org/10.1007/s10671-012-9128-y  

Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis: Striving to  

meet the trustworthiness criteria. International Journal of Qualitative Methods, 16(1), 1–

13. http://doi.org/10.1177/1609406917733847  

Oakes, J., Quartz, K. H., Ryan, S., & Lipton, M. (2000). Becoming good American  

schools: The struggle for civic virtue in education reform. The Phi Delta Kappan, 81(8), 

568–575. 

Ortiz, N. A., Morton, T. R., Miles, M. L., & Roby, R. S. (2020). What About Us?  

Exploring the Challenges and Sources of Support Influencing Black Students’ STEM 

Identity Development in Postsecondary Education. The Journal of Negro Education, 

88(3), 311–326. http://doi.org/10.7709/jnegroeducation.88.3.0311  

Pajares, M. F. (1992). Teachers' beliefs and educational research: Cleaning up a messy construct.  

Review of Educational Research, 62, 307–332. 

http://doi.org/10.3102/00346543062003307  

http://doi.org/10.1080/0022027870190403
http://dx.doi.org/10.1007/s10671-012-9128-y
http://doi.org/10.1177/1609406917733847
http://doi.org/10.7709/jnegroeducation.88.3.0311
http://doi.org/10.3102/00346543062003307


 135 

Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational  

Research, 66(4), 543–578. http://doi.org/10.3102/00346543066004543  

Parker, W.C., Lo, J., Yeo, A.J., Valencia, S.W., Nguyen, D., Abbott, R.D., Nolen, S.B.,  

Bransford, J.D., & Vye, N.J. (2013). Beyond breadth-speed-test: Toward deeper knowing 

and engagement in an advanced placement course. American Educational Research 

Journal, 50(6), 1424–1459. 

Partnership for 21st Century Skills (2019). A framework for twenty-first century learning.  

Patton, M. Q. (2002). Two decades of developments in qualitative inquiry: A personal,  

experiential perspective. Qualitative Social Work, 1(3), 261–283. 

http://doi.org/10.1177/1473325002001003636  

Pecore, J. L., & Bohan, C. H. (2012). Problem-based learning: Teachers who flourish and  

flounder. Curriculum and Teaching Dialogue, 14(1/2), 125. 

Peterman, F. (1993). Staff development and the process of changing: A teacher’s 

emerging beliefs about learning and teaching. In K. Tobin (Ed.), The 

practice of constructivism in science education (pp. 227–245). Lawrence 

Erlbaum Associates. 

Pinkard, N., Erete, S., Martin, C. K., & McKinney de Royston, M. (2017). Digital youth divas:  

Exploring narrative-driven curriculum to spark middle school girls’ interest in 

computational activities. Journal of the Learning Sciences, 26(3), 477–516. 

http://doi.org/10.1080/10508406.2017.1307199   

Permatasari, B. D. (2019). The Influence of problem based learning towards social science 

learning outcomes viewed from learning interest. International Journal of Evaluation and 

Research in Education, 8(1), 39–46. http://doi.org/10.11591/ijere.v8i1.15594  

http://doi.org/10.3102/00346543066004543
http://doi.org/10.1177/1473325002001003636
http://doi.org/10.1080/10508406.2017.1307199
http://doi.org/10.11591/ijere.v8i1.15594


 136 

Posnanski, T. J. (2002). Professional development programs for elementary science teachers: An  

analysis of teacher self-efficacy beliefs and a professional development model. Journal of 

Science Teacher Education, 13(3), 189–220. http://doi.org/10.1023/A:1016517100186  

Prensky, M. (2001), Digital natives, digital immigrants Part 2: Do they really think  

differently?. On the Horizon, 9(6), 1–6. http://doi.org/10.1108/10748120110424843  

Ravitz, J. (2010). Beyond changing culture in small high schools: Reform models and changing  

instruction with project-based learning. Peabody Journal of Education, 85(3), 290–312. 

Ramey‐Gassert, L., Shroyer, M. G., & Staver, J. R. (1996). A qualitative study of factors  

influencing science teaching self‐efficacy of elementary level teachers. Science 

Education, 80(3), 283–315.  

http://doi.org/10.1002/(SICI)1098-237X(199606)80:3%3C283::AID-

SCE2%3E3.0.CO;2-A  

Reicher, H. (2010). Building inclusive education on social and emotional learning: Challenges  

and perspectives–A review. International Journal of Inclusive Education, 14(3), 213– 

246. http://doi.org/10.1080/13603110802504218  

Reynolds, R. D. (2018). Exploring the impact of culturally responsive problem-based  

learning on the instructional engagement of African American students in an urban 

setting (Doctoral dissertation, The University of North Carolina at Charlotte). 

Richards, J. C., Gallo, P. B., & Renandya, W. A. (2001). Exploring teachers’ beliefs and the  

processes of change. PAC Journal, 1(1), 41–58. 

Rivet, A. E., & Krajcik, J. S. (2004). Achieving standards in urban systemic reform: An example  

of a sixth grade project-based science curriculum. Journal of Research in Science 

Teaching, 41, 669–692. http://doi.org/10.1002/tea.20021  

http://doi.org/10.1023/A:1016517100186
http://doi.org/10.1108/10748120110424843
http://doi.org/10.1002/(SICI)1098-237X(199606)80:3%3C283::AID-SCE2%3E3.0.CO;2-A
http://doi.org/10.1002/(SICI)1098-237X(199606)80:3%3C283::AID-SCE2%3E3.0.CO;2-A
http://doi.org/10.1080/13603110802504218
http://doi.org/10.1002/tea.20021


 137 

Roehrig, G. H., & Luft, J. A. (2004). Constraints experienced by beginning secondary science  

teachers in implementing scientific inquiry lessons. International Journal of Science 

Education, 26(1), 3–24. 

Romero, M., Guitert, M., Sangrà, A., & Bullen, M. (2013). Do UOC students fit in the Net  

generation profile? An approach to their habits in ICT use. International Review of 

Research in Open and Distributed Learning, 14(3), 158–181.  

http://doi.org/10.19173/irrodl.v14i3.1422  

Rosenfeld, M. & Rosenfeld, S. (2006). Understanding teacher responses to constructivist 

learning environments: Challenges and resolutions. Science & Education, 90, 385–399. 

http://dx.doi.org/10.1002/sce.20140  

Rosenholtz, S. J. (1989). Workplace conditions that affect teacher quality and commitment:  

Implications for teacher induction programs. The Elementary School Journal, 89(4), 421–

439. http://doi.org/10.1086/461584  

Saldaña, J. (2015). The coding manual for qualitative researchers (3rd ed.). Sage. 

Savasci, F., & Berlin, D. F. (2012). Science teacher beliefs and classroom practice related to  

constructivism in different school settings. Journal of Science Teacher Education, 23(1), 

65–86. http://doi.org/10.1007/s10972-011-9262-z  

Savery, J. R. (2015). Overview of problem-based learning: Definitions and distinctions.  

Essential readings in problem-based learning: Exploring and extending the legacy of 

Howard S. Barrows, 9(2), 5–15. http://doi.org/10.2307/j.ctt6wq6fh.6  

Schunk, D. H., & Pajares, F. (2002). The development of academic self-efficacy. In  

Development of achievement motivation (pp. 15–31). Academic Press. 

http://doi.org/10.1016/B978-012750053-9/50003-6   

http://doi.org/10.19173/irrodl.v14i3.1422
http://dx.doi.org/10.1002/sce.20140
http://doi.org/10.1086/461584
http://doi.org/10.1007/s10972-011-9262-z
http://doi.org/10.2307/j.ctt6wq6fh.6
http://doi.org/10.1016/B978-012750053-9/50003-6


 138 

Seligman, M. E. (2002). Positive psychology, positive prevention, and positive therapy. In C. R.  

Snyder & S. J. Lopez (Eds.), Handbook of Positive Psychology (pp. 3–12). Oxford 

University Press.  

Serpe, R. T., & Stryker, S. (2011). The symbolic interactionist perspective and identity theory. In  

Handbook of identity theory and research (pp. 225–248). Springer. 

http://doi.org/10.1007/978-1-4419-7988-9_10  

Shanahan, M. C., & Nieswandt, M. (2009). Creative activities and their influence on  

identification in science: Three case studies. Journal of Elementary Science Education, 

21(3), 63–79. 

Sheridan, K., Halverson, E. R., Litts, B., Brahms, L., Jacobs-Priebe, L., & Owens, T. (2014).  

Learning in the making: A comparative case study of three makerspaces. Harvard 

Educational Review, 84(4), 505–531.http://doi.org/10.17763/haer.84.4.brr34733723j648u  

Shulman, L. S. (2013). Those who understand: Knowledge growth in teaching. Journal of  

Education,193(3),1–11. http://doi.org/10.1177/002205741319300302  

Skaalvik, E. M., & Skaalvik, S. (2007). Dimensions of teacher self-efficacy and relations with  

strain factors, perceived collective teacher efficacy, and teacher burnout. Journal of 

Educational Psychology, 99(3), 611. http://doi.org/10.1037/0022-0663.99.3.611  

Smit, R. (2012). Towards a clearer understanding of student disadvantage in higher education:  

Problematising deficit thinking. Higher Education Research & Development, 31(3), 369–

380. http://doi.org/10.1080/07294360.2011.634383  

Smith, S. M. (2001). The four sources of influence on computer self-efficacy. Delta Pi Epsilon  

Journal, 43(1), 27–39. 

Soylu Yalcinkaya, N., & Adams, G. (2020). A cultural psychological model of cross-national  

http://doi.org/10.1007/978-1-4419-7988-9_10
http://doi.org/10.17763/haer.84.4.brr34733723j648u
http://doi.org/10.1177/002205741319300302
http://doi.org/10.1037/0022-0663.99.3.611
http://doi.org/10.1080/07294360.2011.634383


 139 

variation in gender gaps in STEM participation. Personality and Social Psychology 

Review, 24(4), 345–370. 

Spillane, J. P. (1999). External reform initiatives and teachers' efforts to reconstruct their  

practice: The mediating role of teachers' zones of enactment. Journal of Curriculum 

Studies, 31(2), 143–175. http://doi.org/10.1080/002202799183205  

Starkman, N. (2006). Formative assessment: Building a better student. The Journal, 33(14), 41– 

46. 

Steinke, J. (2017). Adolescent girls’ STEM identity formation and media images of  

STEM professionals: Considering the influence of contextual cues. Frontiers in  

Psychology, 8, 716. 

Stoddard, E. L., & Pfeifer, G. (2018, April). Working toward more equitable team dynamics:  

mapping student assets to minimize stereotyping and task assignment bias. CoNECD-The 

Collaborative Network for Engineering and Computing Diversity Conference. Crystal 

City, Virginia. https://monolith.asee.org/public/conferences/113/papers/22206/view  

Strong, L.  (2016). The intersection of identity, culture and science engagement. Cultural  

Studies of Science Education, 11(2), 379–385. http://doi.org/10.1007/s11422-015-9680-x 

Stryker, S., Serpe, R. T., & Hunt, M. O. (2005). Making good on a promise: The impact  

of larger social structures on commitments. Advances in group processes, 22(1), 93–123. 

http://doi.org/10.1016/S0882-6145(05)22004-0  

Sutton, P. S., & Knuth, R. (2017). A schoolwide investment in problem-based learning.  

Phi Delta Kappan, 99(2), 65–70. https://doi.org/10.1177/0031721717734193 

Tai, R. H., Qi Liu, C., Maltese, A. V., & Fan, X. (2006). Planning early for careers in  

science. Science, 312(5777), 1143–1144. http://doi.org/10.1126/science.1128690  

http://doi.org/10.1080/002202799183205
https://monolith.asee.org/public/conferences/113/papers/22206/view
http://doi.org/10.1007/s11422-015-9680-x
http://doi.org/10.1016/S0882-6145(05)22004-0
https://doi.org/10.1177/0031721717734193
http://doi.org/10.1126/science.1128690


 140 

Tamim, S. R., & Grant, M. M. (2013). Definitions and uses: Case study of teachers  

implementing project-based learning. Interdisciplinary Journal of Problem-Based 

Learning, 7(2), 72–101. http://dx.doi.org/10.7771/1541-5015.1323  

Tan, E., Calabrese Barton, A., Kang, H., & O'Neill, T. (2013). Desiring a career in  

STEM-related fields: How middle school girls articulate and negotiate identities-in-

practice in science. Journal of Research in Science Teaching, 50(10), 1143–1179. 

http://doi.org/10.1002/tea.21123  

Tate, E. D., & Linn, M. C. (2005). How does identity shape the experiences of women of color  

engineering students?. Journal of Science Education and Technology, 14(5), 483–493. 

http://doi.org/10.1007/s10956-005-0223-1  

Tawfik, A., Trueman, R. J., & Lorz, M. M. (2014). Engaging non-scientists in STEM  

through problem-based learning and service learning. Interdisciplinary Journal of 

Problem-Based Learning, 8(2), 76–84. http://doi.org/10.7771/1541-5015.1417  

Taylor, A., & Watson, S. B. (2000). The effect of traditional classroom assessment on  

science learning and understanding of the processes of science. Journal of Elementary 

Science Education, 12(1), 19–31. 

Thomas, J. W. (2000). A review of the research on project-based learning, 1–45. 

The Autodesk Foundation 2000. 

Tobin, K. G. (1993). The practice of constructivism in science education. Psychology Press. 

http://doi.org/10.4324/9780203053409  

Tobin, K., Tippins, D.J., & Gallard, A.J. (1994). Research on instructional strategies 

for teaching science. In D. L. Gabel (Ed.) Handbook of research on science  

teaching and learning (pp. 45–93). Macmillan.  

http://dx.doi.org/10.7771/1541-5015.1323
http://doi.org/10.1002/tea.21123
http://doi.org/10.1007/s10956-005-0223-1
http://doi.org/10.7771/1541-5015.1417
http://doi.org/10.4324/9780203053409


 141 

Torp, L., & Sage, S. (2002). Problem as possibilities: Problem-based learning for K-16  

education. Association for Supervision and Curriculum Development. 

Tsai, C.C. (2002). Nested epistemologies: Science teachers’ beliefs of teaching, learning 

and science. International Journal of Science Education, 24, 771–783. 

http://doi.org/10.1080/09500690110049132  

Tschannen-Moran, M., Hoy, A. W., & Hoy, W. K. (1998). Teacher efficacy: Its meaning and  

measure. Review of Educational Research, 68(2), 202–248. 

Tschannen-Moran, M., & Hoy, A. W. (2001). Teacher efficacy: Capturing an elusive  

construct. Teaching and Teacher Education, 17(7), 783–805. 

http://doi.org/10.1016/S0742-051X(01)00036-1 

Turner-Lee, N. E., & Pinkett, R. D. (2004). An asset-based approach to community building and  

community technology. In Community Practice in the Network Society (pp. 186–201). 

Routledge. 

US Department of Labor (2019). Computer and Information Technology Occupations.  

van den Hurk, A., Meelissen, M., & van Langen, A. (2019). Interventions in education to prevent  

STEM pipeline leakage. International Journal of Science Education, 41(2), 150–164. 

http://doi.org/10.1080/09500693.2018.1540897  

National Science and Technology Council (2020). Progress report on the implementation of the  

federal STEM education strategic plan. U.S. Department of Education. 

https://www.ed.gov/sites/default/files/documents/stem/2020-stem-progress-report.pdf  

Walsham, G. (1995). Interpretive case studies in IS research: nature and method. European  

Journal of information systems, 4(2), 74–81. http://doi.org/10.4135/9781849209687.n6  

Wang, J., Odell, S. J., & Schwille, S. A. (2008). Effects of teacher induction on beginning  

http://doi.org/10.1080/09500690110049132
http://doi.org/10.1016/S0742-051X(01)00036-1
http://doi.org/10.1080/09500693.2018.1540897
https://www.ed.gov/sites/default/files/documents/stem/2020-stem-progress-report.pdf
http://doi.org/10.4135/9781849209687.n6


 142 

teachers' teaching: A critical review of the literature. Journal of Teacher 

Education, 59(2), 132–152. 

Wells, S., Warelow, P., & Jackson, K. (2009). Problem based learning (PBL): A conundrum.  

Contemporary Nurse, 33(2), 191–201. http://doi.org/10.5172/conu.2009.33.2.191  

Wiek, A., Xiong, A., Brundiers, K., & Van Der Leeuw, S. (2014). Integrating problem- 

and project-based learning into sustainability programs: A case study on the School of 

Sustainability at Arizona State University. International Journal of Sustainability 

in Higher Education, 15(4), 431–449. http://doi.org/10.1108/IJSHE-02-2013-0013  

Wiggan, G. (2011). (Ed.). Power, privilege and education: Pedagogy, curriculum, and  

student outcomes. Nova. 

Wigfield, A., & Eccles, J. S. (2000). Expectancy–value theory of achievement motivation.  

Contemporary Educational Psychology, 25(1), 68–81. 

http://doi.org/10.1006/ceps.1999.1015  

Wheatley, K. F. (2005). The case for reconceptualizing teacher efficacy research. Teaching and  

Teacher Education, 21(7), 747–766. http://dx.doi.org/10.1016/j.tate.2005.05.009  

Wilson‐Lopez, A., Mejia, J. A., Hasbún, I. M., & Kasun, G. S. (2016). Latina/o  

adolescents' funds of knowledge related to engineering. Journal of Engineering 

Education, 105(2), 278–311. http://doi.org/10.1002/jee.20117  

Windschitl, M. (2002). Framing constructivism in practice as the negotiation of dilemmas: An  

analysis of the conceptual, pedagogical, cultural, and political challenges facing teachers. 

Review of Educational Research, 72(2), 131–175. 

http://doi.org/10.3102/00346543072002131 

Wolcott, H. F. (2008). Writing up qualitative research. Sage Publications. 

http://doi.org/10.5172/conu.2009.33.2.191
http://doi.org/10.1108/IJSHE-02-2013-0013
http://doi.org/10.1006/ceps.1999.1015
http://dx.doi.org/10.1016/j.tate.2005.05.009
http://doi.org/10.1002/jee.20117
http://doi.org/10.3102/00346543072002131


 143 

Woolley M.E., Kol K.L., Bowen G.L. (2009). The Social Context of School Success for Latino  

Middle School Students: Direct and Indirect Influences of Teachers, Family, and Friends. 

The Journal of Early Adolescence. 29(1):43–70. 

https://doi.org/10.1177/0272431608324478  

Wright, B. L., Counsell, S. L., Goings, R. B., Freeman, H., & Peat, F. (2016). Creating  

access and opportunity: Preparing African American male students for STEM trajectories 

PreK-12. Journal for Multicultural Education, 10(3), 384–404. 

http://doi.org/10.1108/JME-01-2016-0003  

Yosso, T. J. (2020). Whose culture has capital? A critical race theory discussion of  

community cultural wealth. Race Ethnicity and Education, 8(1), 69–91. 

http://doi.org/10.4324/9781003005995-8  

Yarrison, F. W. (2016). Contextualizing proximate social structure in identity theory. In J. E. 

Stets & R. T. Serpe (Eds.), New directions in identity theory and research (pp. 343–365). 

Oxford University Press. http://doi.org/10.1093/acprof:oso/9780190457532.003.0012  

Yin, R. K. (2014). Case study research: Design and methods (5th ed). Sage. 

Young, J., Ortiz, N., & Young, J. (2017). STEMulating interest: A meta-analysis of the  

effects of out-of-school time on student STEM interest. International Journal of 

Education in Mathematics, Science and Technology, 5(1), 62–74. 

http://doi.org/10.18404/ijemst.61149  

Zhukova, O. (2018). Novice Teachers’ Concerns, Early Professional Experiences and  

Development: Implications for Theory and Practice. Discourse & Communication for 

Sustainable Education, 9(1), 100–114. http://doi.org/10.2478/dcse-2018-0008 

https://doi.org/10.1177/0272431608324478
http://doi.org/10.1108/JME-01-2016-0003
http://doi.org/10.4324/9781003005995-8
http://doi.org/10.1093/acprof:oso/9780190457532.003.0012
http://doi.org/10.18404/ijemst.61149
http://doi.org/10.2478/dcse-2018-0008

	An Asset-based Approach to Problem-based Learning in K-12 STEM
	STARS Citation

	ABSTRACT
	ACKNOWLEDGMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	CHAPTER ONE: INTRODUCTION
	Purpose of the Study
	Theoretical Frameworks
	Methods Overview

	CHAPTER TWO: DEVELOPING STEM IDENTITY THROUGH PROBLEM-BASED LEARNING: A CASE STUDY
	Literature Review
	STEM-Identity: Formal and Informal Learning Environments
	Problem-based Learning in STEM
	Developing STEM Identity through PBL

	Theoretical Framework
	Purpose and Research Questions
	Methodology
	Research Site
	Positionality
	Data Collection
	Validity
	Data Analysis
	Participants

	The Cases
	Taylor (pseudonym)
	Nari (a pseudonym)

	Findings
	Classroom Activities
	Narrated Identities in Practice
	Self-perceptions
	Future Aspirations
	STEM Experiences
	Perceptions of STEM

	Discussion
	Conclusions and Implications

	CHAPTER THREE: TEACHER SELF-EFFICACY AND INNOVATIVE REFORM
	Significance of the Study
	Research Aim and Purpose
	Literature Review
	Self-efficacy and the Teacher Experience
	Problem-based Learning in STEM Education

	Methods
	Research Design
	Positionality
	Data Analysis

	Research Site
	Limitations

	Participant
	Participant Background

	Findings
	Beliefs about PBL
	Barriers to PBL in Traditional Classrooms
	Structure of a Dedicated STEM Course
	Culture of a Dedicated PBL Classroom

	Discussion
	Domain-specific Mastery Experiences
	Shifting Roles and Instructional Goals
	The Enactment of PBL Instruction
	Reconstructing Core Practice

	Implications
	Mediating Implementation Challenges Through Social Support
	Social Resources: Peer Support and Collaboration
	Social Resources: Leadership and Administration

	Future Research

	CHAPTER FOUR: ASSET MAPPING IN STEM EDUCATION: A PROBLEM-BASED FRAMEWORK FOR EDUCATORS
	Problem-based Learning: An Asset-focused Instructional Opportunity
	Asset Mapping:  From Communities to Classrooms
	An Asset-based PBL Framework
	Unrealized Assets: Everyday Obstacles and the Power of Student Ingenuity
	Asset Mapping in the Context of STEM PBL
	Shifting Instructional Roles in an Asset-based PBL Setting

	Discussion
	Building and Leveraging Assets Across Domains
	Social
	Technological
	Cultural
	Psychological


	Conclusion

	CHAPTER FIVE: CONCLUSION
	APPENDIX A: STUDENT INTERVIEW PROTOCOL
	APPENDIX B: TEACHER INTERVIEW PROTOCOL
	APPENDIX C: IRB EXEMPTION
	LIST OF REFERENCES

