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Abstract: This manuscript reports on a longitudinal case study of how one woman, Sara, who had 

previously considered dropping out of high school authored strong mathematics and science 

identities and purposefully exhibited agency through her experiences in high school science. 

These experiences empowered her to choose an engineering major in college; however, her 

introductory university engineering experiences ultimately pushed her out of engineering. 

Drawing on critical agency theory, we argue that by paying careful attention to how and why 

women author their identities and build agency through their experiences in high school, we may 

gain insight into why women may choose an engineering path in college. Additionally, we 

examine how Sara’s perceptions of engineering structures and practices chipped away at the 

critical engineering agency she developed and caused her to leave engineering after her first year 

in college. 

Keywords: critical engineering agency, engineering choice, college attrition 

 

Identity development embedded in individualized science learning experiences and the 

development of critical agency are vitally important for students to engage deeply with science 

and engineering and ultimately pursue pathways into STEM careers. Other perspectives on how 



students begin their participation in narrowly defined communities of practice in science and 

engineering often fail to embrace concerns of equity and diversity (Basu & Calabrese Barton, 

2008; Nasir & Hand, 2006). Individuals must learn not only STEM content but also must see 

these subjects as opportunities to make a positive change in the world and must deeply identify 

with the subject area in order to legitimize their burgeoning participation within STEM 

communities of practice. 
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Prior to college, many students do not have direct experiences with engineering content 

or practices. However, strong physics and mathematics identities have been shown to be vitally 

important in students’ choice of engineering career paths in college (Godwin et al., 2016). In this 

work we use “math person” to refer to student’s identities in mathematics because it is consistent 

with their own words and our prior work. Additionally, with the recent advent of the Next 

Generation Science Standards (NGSS), students may have more opportunities to experience 

engineering-related contexts within their K-12 science classrooms in the future. Thus, the science 

classroom is an important space in understanding how students develop identities in engineering-

related subjects like science and mathematics and begin to see engineering as a potential career 

pathway. Students’ experiences within science classrooms have the potential to foster critical 

agency through legitimate participation in the cultures of science and engineering and the 

valuing of the knowledge, identities, and contributions of students that may otherwise be 

overlooked. Often, education research is focused either on the K-12 STEM experiences of 

students or on the post-secondary aspects of content learning (as often found in various 

discipline-based education research communities). Our work spans secondary and post-

secondary spaces to give a longitudinal description of how science experiences in high school 

and engineering experiences in college affected the critical agency of one woman, Sara1.  

 This manuscript presents a case study of Sara, a student who had previously considered 

dropping out of high school but instead went to college and chose an engineering career path. 

Sara, a White, female student from a rural town in the Midwest region of the United States, 

developed critical agency in her high school science classroom through her involvement in a 

 
1 A pseudonym. 
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clean water program (an extra-curricular activity heavily integrated into the science classroom) at 

her high school and the influence of her high school chemistry teacher, Mr. S. This work 

explores her trajectory as she progressed from a high school senior who intended to pursue 

engineering in college to a second-year college student who became disillusioned with 

engineering and discontinued her engineering pursuits. Sara told a story of how she became 

empowered to choose engineering and how her strong STEM identities pulled her towards a 

STEM major. She also articulated how her engineering experiences in college chipped away at 

her identity and agency in engineering which ultimately pushed her out of these pursuits entirely. 

At the end of these experiences, Sara believed, that “anyone can do engineering,” but, “it’s not 

right for everyone.” This longitudinal work examines Sara’s high school and university 

experiences (as perceived by her) to understand how the mixed messages around agency, 

participation, and inclusion found in science and engineering classrooms interact to pull and push 

students who are still at the periphery of engineering towards and away from the discipline. In 

this study we answer two research questions: 1) How does one student's (Sara's) critical 

engineering agency influence her participation in science and engineering? And 2) How does 

Sara’s perceptions of the structures and practices in different communities of practice impact her 

critical engineering agency? 

Overview of Research Context 

We met Sara during our week-long observation of her high school in the spring of 2013 

as a part of a larger study investigating how sustainability pedagogies impact engineering 

decisions for female students. The school was chosen based on the type of sustainability 

pedagogy being implemented in physics and chemistry classes within the school. At the time, 
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Sara was in her senior year of high school and enrolled in AP Chemistry taught by one of the 

teachers being observed, Mr. S.  

 The high school is comprised of approximately 400 students and is housed in the same 

building as the small town's middle and elementary schools. Trade classes are offered in this 

high school with high enrollments of students who plan on finishing their education with high 

school or continuing on to a local community college. About two-thirds of Sara’s graduating 

senior class attended some form of college after graduating from high school. Forty-seven 

percent of the school population qualified for free or reduced lunch, which is on par with the 

national average for high schools (NCES, 2011). Sara was similar to many of her high school 

peers, coming from a lower-middle socioeconomic bracket consistent with the rural surroundings 

of her high school. 

Mr. S 

Mr. S began teaching at the high school four years prior to our observation to fill an 

urgent gap in the chemistry department. He had 23 years of industrial experience as a chemist 

prior to his teaching career. Mr. S practiced different teaching techniques within the classroom 

that encouraged individual learning to meet specific milestones without much traditional 

instruction. His informal classroom environment, markedly different than other science teachers 

at the school, and his industry experience and “real-world connections” made him a favorite with 

many students. 

 Mr. S knew Sara starting from the summer after her freshman year in high school through 

the clean water program and two subsequent summer trips as well as functioning as her 

chemistry teacher for her sophomore and senior year of high school. Sara came from a disrupted 

family (her parents had divorced), and her mother remarried during the time we were in contact 
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with her. Mr. S became a proxy father figure in her life. Mr. S had a daughter close in age to 

Sara, and she began to spend time at their house on a regular basis. Through this relationship, 

Mr. S had a unique relationship with Sara and gave us a teacher’s and mentor’s insight into 

Sara’s critical agency development during high school. He reported that Sara was a unique case 

in the way she enjoyed chemistry and how she “just gets it.” In other ways, he told us, she was a 

typical high school student who enjoyed learning about things in which she was interested and 

did not enjoy or put time into learning things she did not care about.  

Clean Water Program 

A unique aspect of this school is an integrated service project that helps to provide clean 

water in a developing nation. This program was initiated by the students in response to an urgent 

need for clean water in the wake of a devastating natural disaster in that country. The science 

department head allowed two sections of his integrated chemistry and physics class to develop 

committees to research why the water in this country was polluted, how to raise money for this 

project, how to develop a system for creating clean water, and how to raise awareness for this 

project. Over three semesters, students researched and innovated upon an existing membrane 

technology from a start-up company to create a portable water purifying system that uses 

electrochemistry to filter and purify 55 gallons per minute with chlorine derived from salt, water, 

and solar energy. During the previous two summers before we met, Sara and other students from 

this school traveled to this country to distribute the water purification devices and train people 

how to use them. This water program had grown to pervade the entire curriculum and culture of 

the school and community.  

University Environment 
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 After completing high school, Sara attended a private, religious liberal arts university 

based on her desire to continue her competitive swimming in college. This school had recently 

started an engineering degree program. Her engineering classes focused heavily on programming 

skills and individual work on engineering projects. These courses were taught in a lecture and 

studio lab style focusing on coding, Computer Aided Design (CAD), and robotics. In this 

environment, Sara felt like she did not have as much experience as her peers and that her 

“engineering design courses [were] pushing me away.” Her perception of what engineers do and 

how she identified with engineering was changed by her experiences and perceived lack of 

ability to fully participate in engineering. 

Critical Engineering Agency 

We use the framework of critical engineering agency to examine how Sara’s experiences 

shaped her identity and agency and influenced her career pathway. Prior work in critical agency 

theory has examined how students can deeply engage with science learning within the classroom 

and has recognized that the identities, cultures, and discourses that students bring with them into 

the classroom are not always valued as legitimate mechanisms or resources to help them 

participate in science or engineering (Basu, Calabrese Barton, Clairmont, & Locke, 2008; Basu 

& Calabrese Barton, 2010; Godwin & Potvin, 2015). The development of this framework for 

examining issues of equity and social justice allows a deeper examination of the disciplinary 

communities that frame students’ development and enactment of critical agency (Basu et al., 

2008). This framework expands an examination of what it means to be a “type” of person who 

does science or engineering to include knowledge and experiences from outside of the classroom 

and the ways in which students, even those at the margins of their classroom cultures, can 

develop the agency needed to legitimately participate in their science communities. Critical 
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agency was first developed in a physics context and asserts that students gain a deep 

understanding of the subject, identify as experts in the subject or related topics, and use the 

subject as a foundation for advocating change such that “their identity develops, their position in 

the world advances, and/or they alter the world towards what they envision as more just” (Basu 

& Calabrese Barton, 2009; p. 388). Our prior work has focused on translating a critical agency 

framework in an engineering context in both qualitative (Godwin & Potvin, 2015) and 

quantitative studies (Godwin, Potvin, Hazari & Lock, 2016).  

We define agency as an individual’s ability to shape the world around them both in their 

everyday actions (e.g., using their knowledge of science/engineering to design solutions for their 

community) and in their broader goals (e.g., pursuing a career in a service-related engineering 

field). Thus, agency in a subject area, in this case, engineering, is directly related to feelings of 

empowerment in that subject area. This empowerment is intricately coupled with students’ 

identity development.  

 Recent research in science and engineering education confirms the impact that 

developing agency within classroom contexts has on identity development, performance, 

learning, and persistence within STEM fields (Basu & Barton, 2009; Basu et al., 2008; Basu, 

2008; Brown, 2004; Buxton, 2005; Calabrese Barton, Tan, & Rivet, 2008; Hazari, Sonnert, 

Sadler, & Shanahan, 2010; Olitsky, 2007; Tan & Barton, 2008a). For these reasons, we have 

chosen to use critical engineering agency as a way to understand Sara’s trajectory from an 

uninterested STEM student to an engineering student in her first year of college and her process 

of leaving engineering in her second year of college. Chinn’s (1999) study of female students’ 

choice of engineering careers found that agency in choosing an engineering degree was 

influenced by powerful adults such as teachers and by curricular choices that did not segregate 



PULLING AND PUSHING SARA                                                                                               9 

females or minorities but rather incorporated content and strategies personally meaningful to 

them. Other strategies identified as leading to females’ development of agency included: 

encouraging students to express their voice through open-ended projects and presentations; 

allowing students to design activities for the class on specific topics and enacting those activities; 

establishing a classroom atmosphere that encourages students to voluntarily make comments and 

answer questions; promoting peer-to-peer learning; and, most important for this study, making 

connections with topics of relevance to the world and students’ lives. Another study used critical 

agency theory to examine how sustainability pedagogies could create routes for female 

recruitment in engineering by connecting real-world topics with engineering design (Klotz et al., 

2014). This study found that emphasizing the social aspects of engineering could draw more 

underrepresented students into engineering. 

 Critical engineering agency also encompasses the development of subject-related 

identities in one or more realms associated with engineering. The concept of identity used in this 

paper relates to an individual’s self-beliefs at a particular moment in time and how these 

responses develop over time through the authoring of a self within a particular context (Johnson, 

Brown, Carlone, & Cuevas, 2011). By understanding this authoring, statements of how students 

see themselves within STEM roles and career pathways can be examined. The importance of 

understanding identity is highlighted by Brickhouse and colleagues (2000), who note students 

need to see themselves as the “kind of people who would want to understand the world 

scientifically” (p. 443) if they are to enter engineering and science careers. In this paper, we 

examine Sara’s identities over time as she negotiated her decision to choose engineering in 

college and then leave engineering.  
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 Identities are socially constructed, and viable identities rely on feeling recognized by 

others, seeing oneself as able to understand the subject (competence beliefs), seeing oneself as 

able to perform well in the subject (performance beliefs), and being interested in the subject 

(Carlone & Johnson, 2007; Cass, Hazari, Cribbs, Sadler, & Sonnert, 2011; Godwin & Potvin, 

2015; Hazari et al., 2010; Potvin, Beattie, & Paige, 2011). These dimensions richly capture the 

formation of a student’s role identity within STEM and have been used in both qualitative and 

quantitative studies (Cass et al., 2011; Godwin & Potvin, 2015; Hazari et al., 2010; Potvin et al., 

2012). In this work, we focus on performance/competence, interest, and recognition self-beliefs 

as aspects in which students may identify as experts in one or more areas associated with 

engineering.  

Performance and competence beliefs have been demonstrated to be indistinguishable 

from each other for students early on in their college careers (Potvin & Hazari, 2013). Students 

in grades 9-16 do not respond differently to measures of competence beliefs (i.e., ability to 

understand a subject) and performance beliefs (i.e., ability to get a good grade in a subject). 

Nevertheless, these constructs are important as precursors to interest and recognition for identity 

development (Godwin et al., 2016). Self-efficacy and social cognitive theory (Bandura, 1997) 

along with expectancy-value theory (Eccles & Wigfield, 2002) also demonstrate the importance 

of student perceptions of performance/competence on the activities in which they participate 

(Bandura, 1997; Bussey & Bandura, 1999). Additionally, high scoring students on self-report 

measures of academic competence are “more persistent, more likely to adopt mastery and/or 

performance approach goals, less anxious, process the learning material at a deeper level, and 

achieve better study results” (Ferla, Valcke, Schuyten, 2010, p. 519). The link between students’ 

competency beliefs and their choices demonstrates that competence beliefs are a viable construct 
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for understanding student persistence. Pajares and Graham (1999) also found that students’ self-

efficacy was the only motivation variable that predicted students’ academic performance when 

compared to anxiety, self-concept, and self-regulation. For these reasons, it is important to 

understand how students’ perceptions about their performance can influence their actual 

performance in a course. These student self-perceptions have an important and significant impact 

on how students see themselves and the kind of people they are authoring themselves to be. 

Interest is a vital component of engineering identity development. Individuals' interests 

have a rich theoretical basis as a fundamental construct in models for human learning 

(Renninger, Hidi, & Krapp, 1992). An individual’s interests defined as a “person’s likes, 

preferences, favorites, affinity toward, or attraction to a subject, topic, or activity” (Dunst & 

Raab, 2012, p. 1621). Interest in a particular subject impacts how individuals function, produce 

particular ways of life, and engage with STEM (Carlone, 2012).  Previous studies have shown 

that students who are interested in engineering show differential interest and skill in mathematics 

and science (Godwin, Potvin, Hazari, & Lock,013; Potvin, Tai, & Sadler, 2009) and that 

identities in mathematics, science, and physics are connected to students’ choice of engineering 

as a career in college. For these reasons, interest in STEM has been an important part of 

behavioral research within engineering education (Geisinger & Raman, 2013; Godwin et al., 

2016; Schreuders, Mannon, & Rutherford, 2009). Interest plays a key role in whether or not 

students want to take on the role identity of an engineer.  

 Recognition is also a significant factor in identity formation (Carlone & Johnson, 2007). 

In a recent paper using structural equation modeling to understand the impact of physics and 

mathematics identities on engineering choice, recognition was found to be the most important 

construct of identity on a choice of a career in engineering (Godwin et al., 2016). Recognition 
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encompasses students’ internalized beliefs of how others see them and accounts for the reflexive 

and social aspects of identity formation. Holland and Lave (2001) highlight this social 

component of identity formation, “because the self is the nexus of an ongoing flow of social 

activity and necessarily participates in this activity, it cannot be finalized or defined in itself, in 

its own terms” (p. 11). Authoring an identity is affected by how individuals interact with people 

in the communities and environments around them. Other work has underlined how students' 

beliefs of the ways in which authority figures view them can affect their perceptions of their own 

abilities (Bouchey & Harter, 2005; Eccles-Parsons, Adler, & Kaczala, 1982; Felson, 1989). 

Bouchey and Harter (2005) found middle school student perceptions of parents’ and teachers’ 

beliefs about their competence in math and science had a direct effect on students’ perceived 

academic competence and their grades.  

Many studies on engineering career pathways focus on academic preparation (Allen & 

Robbins, 2008), prior STEM experiences (Hazari et al., 2010; Maltese & Tai, 2011), self-

efficacy and interest (Lent, Brown, & Hackett, 1994; Wang, 2013), awareness of engineering 

careers (Fouad, 1995; Karatas, Micklos, & Bodner, 2008), and the influence of others (Auger, 

Blackhurst, & Wahl, 2005; Fan & Chen, 2001). However, few studies focus on how students’ 

perceptions of their ability to make a positive change in the world and their nascent STEM 

identities impact career pathways. Through Sara’s story, critical agency theory provides an 

appropriate lens through which we can examine how Sara was empowered to develop an 

engineering identity and see engineering as a viable option for herself as well as understand her 

pathway out of engineering. 

Communities of Practice and Critical Engineering Agency 
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In this work, Sara’s perceived participation in engineering across her high school and 

university experiences was a significant factor in her career pathway. To understand this 

perceived participation, we use communities of practice to situate Sara’s critical engineering 

agency. Authoring a new identity is situated in the dynamics of a community of practice or 

“figured worlds” (Holland et al., 2001). Figured worlds are ‘‘socially produced, culturally 

constituted activities’’ (Holland et al., 2001, pp. 40–41) where people come to conceptually and 

materially/procedurally produce new self-understandings (identities). Communities of practice 

are types of figured worlds because actors within this group define their membership by their 

culturally constructed and accepted practices of dialogue, actions, and values and legitimate 

participation results in identity formation. Lave and Wenger (1991) described a community of 

practice as:  

An aggregate of people who come together around mutual engagement in an endeavor. 

Ways of doing things, ways of talking, beliefs, values, power relations - in short, 

practices - emerge in the course of this mutual endeavor. As a social construct, a 

Community of Practice is different from the traditional community, primarily because it 

is defined simultaneously by its membership and by the practice in which that 

membership engages. (p. 464) 

 This approach to understanding identity development acknowledges the social context in 

which individuals shape and are shaped by participation in particular groups. Upon entry into a 

figured world, novices occupy peripheral social positions that are made available to them by 

more central members of the community. Novices can choose to exercise their agency to 

embrace, resist, or ignore the shaping forces within these communities. However, identities are 

formed through legitimate participation within the normative structures and practices of these 
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communities. Newcomers to a community, like engineering, initially learn at the periphery. The 

things they are involved in, the tasks they do, and the actions they undertake are not key aspects 

of the community. However, as individuals develop more competence, they take on more central 

roles (e.g., an engineering student designing for a company during a senior design project). This 

type of participation “refers not just to local events of engagement in certain activities with 

certain people, but to a more encompassing process of being active participants in the practices 

of social communities and constructing identities in relation to these communities” (Wenger, 

1998, p. 4). Becoming a central member in a community of practice involves developing 

identities – learning to speak, act, and create in ways that make sense to the community and fit 

with the cultural norms. If individuals are unable to move from the periphery to the core of a 

community of practice, they often do not form identities within a community and are not a full 

participant in the socio-cultural practices of the community. 

 Previous work in science education has focused on identities-in-practice within the 

context of an individual’s role and participation within a community of practice (Tan and 

Calabrese Barton, 2008b). Our work examines how Sara developed critical engineering agency 

in high school and the first two years of college. We believe that using both critical engineering 

agency and communities of practice frameworks allows us to examine her affective beliefs on 

her agency and identity in the context of her perceptions of her participation in science and 

engineering communities of practice.  

Research Questions 

In this work, we focus on two central questions: 

1. How does one student's (Sara's) critical engineering agency influence her participation in 

science and engineering? 
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2. How does Sara’s perceptions of the structures and practices in different communities of 

practice impact her critical engineering agency? 

We focus on Sara’s perceptions of her largely positive high school experiences and her 

mostly negative university experiences. The observation of what happened in these settings is 

important; however, how Sara internalized her experiences is the most important factor in 

determining her career pathway. Albert Bandura (1997) comments that “People’s level of 

motivation, affective states, and actions are based more on what they believe than on what is 

objectively the case” (emphasis ours, p. 2). Understanding Sara’s identity and the agency 

developed in high school and the decline of those beliefs in her university classroom is essential 

to understanding her trajectory. 

Methods 

Sara was chosen for this study based on reputational case sampling (Cohen, Manion, & 

Morrison, 2011). During a set of week-long observations of science classroom practices, her high 

school chemistry teacher identified her as an interesting case based on her history and 

engineering career interest. Additionally, her responses on an abridged version of the 

Sustainability and Gender in Engineering survey (“SaGE Survey,” 2011) administered in her 

high school science course during the spring of 2013 indicated she held a high identity in 

mathematics and strong agency beliefs. Based on this, she was considered by the researchers to 

be an exemplar of a female student who developed critical engineering agency in high school 

and had changed her career decisions based on her high school experiences within and outside of 

the science classroom. 

A case study is defined as “an empirical inquiry about a contemporary phenomenon (e.g., 

a “case”), set within its real-world context—especially when the boundaries between 
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phenomenon and context are not clearly evident (Yin, 2009, p. 18)”. This approach is 

particularly appropriate for understanding how Sara, our case, developed critical engineering 

agency and experienced disconnect between her developed identity and empowerment and 

engineering experiences (i.e., the phenomena) over time. A case study uses multiple sources of 

data to provide insight into a particular issue (Miles & Huberman, 1994) –– Sara’s choice of 

engineering –– and builds upon the theory of critical engineering agency by exploring how her 

critical engineering agency was alternately fostered and hindered by her perceptions of her 

classroom experiences.  

Data Sources 

Data were collected longitudinally during five consecutive semesters (Spring 2013, Fall 

2013, Spring 2014, Fall 2014, and Spring 2015) as “snapshots” of Sara’s journey from high 

school to college. During her senior year of high school (Spring 2013), an abridged version of 

the SaGE survey was collected and a face-to-face interview was conducted. Video of her AP 

Chemistry classroom and artifacts from her classes were also collected as part of the high school 

site visit. After she began college, another interview via telephone was conducted towards the 

end of Fall 2013 (Sara's first semester in college). A third interview was collected via phone at 

the end of her freshman year, in the spring of 2014. Syllabi from her engineering classes were 

also collected to understand the context and content of her engineering experiences in college. 

Additional interviews were collected in the same manner in her third and fourth semesters (Fall 

2014 and Spring 2015, respectively) after she transferred to a new post-secondary institution. A 

pair of interviews with her high school chemistry teacher, Mr. S (in Spring 2013 and Spring 

2014) also were collected (see Table 1). Semi-structured interview protocols were used with 
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open-ended questions. After each prepared question, participants’ responses were probed for 

more detail on the participant response. 

Insert Table 1 here 

The video, interviews with other students, and artifacts from her high school and 

university classrooms provide a rich context for understanding Sara’s story which are included in 

the grounding of this study and claims made about the classroom environments in which Sara 

was situated. Our statements about what happens in her classes come not only from Sara’s 

personal accounts but also from these additional data sources. While the focus of this study is on 

Sara’s perceptions of her critical engineering agency and how she navigated through her high 

school and university experiences, we used these additional data streams to inform our 

interpretation. Consistent with our critical framework, we used crystallization to inform how our 

multiple sources of data, Sara’s perspective and internalized beliefs about her experiences, and 

our own subjectivity influenced our findings (Ellingson, 2009). This approach is a poststructural 

approach to triangulation which stresses the socially constructed nature of reality and allows for 

a multifaceted, although partial and potentially different, perspectives within the same study 

(Richardson, 2000). In our work, we have prioritized Sara’s voice and perceptions over imposing 

our interpretation of her context onto her descriptions. We use her context and other information 

as other facets of her narrative that provide alternative perspectives. 

Analysis 

 We used a Directed Qualitative Content Analysis method to analyze our data (Mayring, 

2000). A directed approach uses existing theory to define the initial coding categories. This 

technique has been traditionally used to analyze large amounts of text into a number of 

categories that represent meaning (Hsieh & Shannon, 2005). Qualitative content analysis has 
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moved past its more “quantitative” origins to the interpretation of content through a systematic 

process of coding and meaning-making. The goal of a directed approach to content analysis is to 

validate or conceptually extend an existing theoretical framework or theory. Thus, this approach 

is particularly suitable for understanding critical agency in a new context, specifically 

engineering. The steps for this approach include creating definitions and examples of coding 

rules based on theory, deductive coding of interview transcripts, revision of categories based on 

data, and interpretation of the results (Mayring, 2000). We used deductive codes for Sara’s 

descriptions of her various STEM identities including the constructs of performance/competence, 

interest, and recognition as well as her agency (or perceived agency) and her descriptions of her 

participation in the classroom and what allowed that participation. Data were also inductively 

coded to examine new themes in the narrative.  

 In coding the data, a constant comparative method was used to move between the data 

collection and the data analysis to inform additional data collection. This method also involves 

finding similarities between statements and incidences in the same and different interviews and 

observations (Miles & Huberman, 1994). We employed this method as we collected each 

interview and other data sources. During this process, memo writing and diagramming were 

important reflective steps to elaborate categories and take a step back from the detailed coding 

scheme at the transcript level to organize the developing categories (Miles & Huberman, 1994). 

We also used incoming data to iteratively inform the conclusions we drew from the data. As 

Sara's story unfolded, we were careful to note any contradictions in themes and include them as 

counterpoints in this analysis.  

 In this paper, we tell Sara’s story in chronological order. First, we present her account of 

experiences in high school that pulled her toward an engineering career and led to her developing 
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a strong critical engineering agency. Then, we describe her account of experiences in college that 

conflicted with her identity and pushed her out of engineering. 

Pulling Sara 

In our initial interview, Sara described how she went from being “totally uninterested” in 

science in middle school to being very interested in chemistry in her AP science class. Mr. S also 

described her initial trajectory, “she started out leaning towards, um, quitting school and going 

into some sort of charitable work…. she still wants to do that [charitable work], but if she goes 

into the engineering side, um, she thinks she can be much more effective.” Sara echoed this prior 

trajectory and noted the influence of Mr. S on her pathway, “I think that if I never would have 

gotten into chemistry I wouldn't have gotten as close with my chemistry teacher, Mr. S, and that 

wouldn't have happened I could have been on a totally different path. I was going to go for my 

GED or whatnot and so that was one of the key things that helped influence where I was going.” 

Sara illustrates how her performance/competence beliefs about science allowed her to form an 

interest in science and the connections she could make to mathematics. She spoke about how she 

spent more time engaging with science once she became interested in the subject: 

I used to get like B’s in math and science and I was like okay at it. And I felt like I was 

decent but I just, it never fully, like I never just liked it a lot. I was like I don’t care…And 

then whenever I got into high school it was just like oh, this is a different way to look at 

things. This is like you can use math to like figure out things, and you can see how things 

move and work and function and like whatnot. So I guess, I was just a lot more 

interested, and whenever I’m interested then I like put my time in like, like everyone does 

and so, I mean, I guess that’s what the difference is. I don’t know. In eighth grade our 

math teacher was really good so then like I started liking math like a lot better then. And 
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then, like algebra came really easily to me and then after that I just started excelling both 

in the science and math department so. And then once I started excelling then I like liked 

it a lot better because I don’t like to do things that I’m not good at so. 

This cycle is consistent with previous quantitative work that showed performance/competence 

must be mediated by interest and/or recognition in order for strong subject-related identities to 

form (Godwin et al., 2016). Sara described that when she did “okay” she also just “didn’t care,” 

but when she started doing well in science classes she started liking the subject. A lack of interest 

in middle school in her science courses prevented Sara from engaging with science and forming 

a science person identity. However, her experiences in high school changed her perceptions 

about science as a discipline. 

As the content of her courses changed and became more interesting, her desire to be an 

integral member of her science classroom grew. Sara began to more deeply identify with science 

and took on a leadership role within the classroom. She described how “everyone would come 

[to me] the day before the test” and ask how to do specific chemistry questions. She felt that she 

contributed to her chemistry study group in her AP class through her ability to do “all like the 

calculations and stuff because…I just get it and then they’ll [be] looking at it and they [are all] 

like I do not get this at all. So then, then I help out a lot of times.” When we first met Sara, she 

was deeply engaged in the content of her science classroom and she clearly felt that she was 

recognized by Mr. S and other students as a “science person.”  

Sara described Mr. S’s influence on her desire to pursue a science career by saying, “I 

guess like for narrowing my, what I wanted to do, [Mr. S] was definitely like the biggest factor 

in it.” She described how she “got to know” Mr. S through the clean water program and through 

being in his chemistry and later AP chemistry classes. As her attitude toward learning changed 
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through her interactions with her science teacher and her involvement in the clean water 

program, Sara began to see herself as the type of person that could actually choose a STEM 

career. In her junior year, she came to Mr. S with the desire to pursue a degree in some 

“scientific thingy” and, through his influence, she explored the options available to her. By the 

time we met her as a senior, she had chosen to pursue chemical engineering and had already 

applied to several engineering colleges. 

 The clean water program had a significant influence on Sara's identity and career 

interests: 

It [experience with the clean water program] definitely led me to like want to do 

something and like especially with the water purification system, like we created, like we 

didn’t create the system but we definitely like renovated it and made it better and more 

efficient, like it purifies water a lot faster and better and lasts a lot longer. And we figured 

out ways to, um, make the battery work like solar panel stuff. So I mean, it kind of just 

showed me that I like doing that kind of things and figuring out, and then like I can still 

help people but then design things through my like potential career or science or 

whatever. 

Sara repeatedly commented on how her experiences in the clean water program and seeing how 

science and engineering could positively impact the world increased her desire to choose an 

engineering career. Her desire to be an engineer derived from what she could do with that career 

(e.g., a means to an end) and not necessarily for the career as an end itself.  

  Sara was pulled towards engineering through the influence of multiple key people and 

experiences in high school. The combination of her participation in the clean water program, her 

relationship with Mr. S, and her interest and authoring of an identity in mathematics and 
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chemistry empowered her to pursue a previously-unconsidered degree in chemical engineering at 

a large, engineering-focused school. Also factoring into her choices was her desire to continue 

competitive swimming, one of her other passions, in college. 

Pushing Sara 

Engineering Experiences 

The second interview with Sara took place near the end of her first semester in college, 

several months after our initial data collection and after her transition from high school to 

college. Instead of enrolling in the engineering-focused school she had indicated in her first 

interview, she chose to attend a small, private, religious-based university. This school offered her 

a full swimming scholarship that facilitated her swimming activities swim while pursuing an 

engineering degree. Sara’s competing interests in her extra-curricular activity and interest in 

engineering combined to determine her choice of college. The idea of competing interests is 

discussed by Osborne, Simon, and Collins, who state that behavior “may be influenced by the 

fact that attitudes other than the ones under consideration may be more strongly held” (Osborne, 

Simon, & Collins, 2003, p. 1055). 

 Sara’s college choice significantly affected her experiences. Because of the nature of the 

institution, she had to follow certain practices such as attending chapel twice a week, following a 

dress code, adhering to a curfew, and requesting to leave campus on the weekend. Sara explained 

that she did not expect to have limited freedom in college but rather to have the opportunity to 

make her own choices. While she felt that she was getting a wonderful education and loved the 

opportunity to pursue competitive swimming, she did consciously make sacrifices to balance her 

competing interests. She acknowledged that the stricter environment was “probably good for me, 

just cause even though rules can get really annoying it does keep me on task, keeps me out of 
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trouble, and stuff and whatnot.”  She struggled with following the rules early on but, over time, 

developed friendships and connections nonetheless.  

 Since this school did not offer chemical engineering as a major, Sara had to choose a 

different discipline. She chose geological engineering, which was a new major at this institution. 

She rationalized this: “I might as well try it out and see if I like it and I’m pretty much enjoying 

it.”  To Sara, geological engineering was the closest available option to chemical engineering. 

However, note that this choice of major may not be as spontaneous as may initially appear. Sara 

spoke often of her experiences in the clean water program at her high school and how it affected 

her, and she saw geological engineering as a way to bridge her college major and her interest in 

using her high school experiences while attending a school that allowed her to swim 

competitively. 

 In subsequent interviews over the next academic year, Sara described her difficulty in 

transitioning to the university environment. She described her engineering classes as “difficult” 

and “confusing.” The classes focused primarily on individual assignments and coding in an 

electrical engineering context with one end-of-semester team project. Her engineering design 

course did not foster her interest in engineering or connect with her prior experiences. Instead, 

Sara viewed her engineering design course as a barrier to overcome in order to reach the more 

interesting and relevant engineering courses in her future: 

I’ve heard that once I get past these introductory level classes they [upper-level 

engineering courses] are a lot different and better. It’s just kind of boring right now. 

‘Cause I think it’s just the information and stuff. So, apparently it gets better (laughs). 

 When asked if she felt like an engineer, Sara said that she did not “know enough” to be 

an engineer. Her discussion of what it meant to be an engineer centered on passing a threshold of 
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engineering content knowledge. She said that compared to other “kids” who had prior experience 

in programming or design, she was just a “newbie.”  She defined being an engineer as having 

certain knowledge as measured by successful completion of particular coursework.  

 While Sara did not report feeling like an engineer at this stage, she talked about her 

contributions to engineering group design projects. While she appreciated her group members’ 

“different attributes coming together and things that are their strengths in different group 

projects,” she felt that she specifically contributed to being “better at the whole drawing parts 

and stuff and just like conceptual things like being able to see the bigger picture of it.”  When 

asked to reflect on her future track for engineering, Sara did not have a clear picture of what she 

wanted to accomplish. She just pictured herself working in industry, creating and designing 

things with her requisite engineering knowledge. In her discussion, she kept coming back to the 

influence of her chemistry teacher, Mr. S, on her choices: 

I think that if I never would have gotten into chemistry, I wouldn’t have gotten as close 

with my chemistry teacher and that wouldn’t have happened. I could have been on a 

totally different path……I mean he helped me like chemistry a lot and then just talking to 

him and then like well that and the influences of the clean water program I knew I wanted 

to do something with geology or helping people. And that and [Mr. S] helped connect 

those ‘cause he like he has a degree in chemical engineering and I was going to go for 

that. 

 Despite the fact that she disliked her courses in her first year of engineering and thought 

that they were boring, Sara was still set on continuing in engineering during this round of data 

collection. She did admit thinking about switching out of engineering, but dismissed that idea by 

focusing on the promise of future engineering classes that “will get better, so I am kind of 
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stressing that.”  The reasons that she cited for thinking about leaving were the difficulties that 

she had in learning the required design software as well as a lack of interest in her design 

courses. She described her lack of interest in the courses as the result of course content that did 

not tie to her experiences and her feeling of being an “outsider” in the classroom. 

Leaving Engineering 

 Contacting Sara in her third semester of college for further interviews proved to be more 

difficult than in prior semesters. She did not respond to her previous university email address and 

was no longer listed in the directory of that institution. Contacting Sara by phone, we found out 

that Sara had changed institutions, moved to a new city, and enrolled in college as an 

“undeclared” major.  The institution she chose to attend was quite different that her first 

university. Located in a much larger, urban city, this public state school was over ten times the 

size of her previous institution. It offered degrees in almost double the number of engineering 

disciplines, but she said that she “couldn’t see herself doing it anymore.” 

 She voiced her doubts by saying, “I, like, before I got into engineering I had like zero 

engineering experiences with anything, so like I had to teach myself on my own.” This statement 

is striking because Sara did have real engineering experiences before college, but the context in 

which engineering content was taught prioritized technical skills, coding, and CAD ability over 

her hands-on experiences in design, piping and water flows, installation of design projects, and 

communication with stakeholders in those communities, all of which characterized her clean 

water program experiences. She described how other students had robotics or programming 

experiences before college and that these students had “actual” engineering experiences, but she 

did not. Additionally, her perceptions of what a day-to-day career in engineering entailed had 

changed as well. She went from describing how she was excited about an engineering career that 
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focused on “figure[ing] out how things work and design things like that so that’s how the 

engineering part would come,” (Interview 1 - Spring 2013) and “I like doing that kind of things 

[experiences with the clean water program] and figuring stuff out, and then like I can still help 

people but then design things through my like potential career or science or whatever” (Interview 

2 - Fall 2013) to stating, 

I didn’t just want to sit at a desk and like stay inside all day and not be very, like doing, 

like being, like most of, at least from what I’ve seen, it seems like most of engineering 

was kind of like indoors at a desk and that didn’t really appeal too much to me. 

During the period when she saw engineering as a career in which she could actualize her agency 

to create practical, hands-on solutions, her intentions to persist in engineering were strong. 

However, the experiences in her university environment led her to disconnect her experiences 

from her perceptions of engineering. 

 Her experiences in her engineering program changed her perceptions of an engineer from 

being a person who serves others and makes the world a better place through technological 

innovations to a person who isolates him/herself and works on a computer. The disconnect 

between her real-world engineering experiences in high school and her engineering experiences 

precipitated her decision to leave engineering for another STEM field. The experiences that she 

had in high school left a lasting impact on her desire to obtain a college degree and interest in 

STEM. However, she did not feel like she fit in engineering any longer.  

 We spoke to Sara again during her fourth semester of college (the second at her new 

university). She chose to major in exercise science with a long-term goal of being a physical 

therapist. She connected this career pathway with her mathematics and science identities and 

described it as being hands-on and allowing her to make a difference. Her classes “weren’t all 
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that challenging,” but she enjoyed working with others and using her abilities in ways that she 

could not envision with a career in engineering. Her move from engineering to exercise science 

had less to do with losing her STEM identities or agency beliefs and more to do with finding a 

career that fit with how she saw herself. 

Discussion 

The study of Sara is compelling because it illustrates how fostering specific self-beliefs 

and classroom interactions attracted one woman into engineering, even as late as her senior year 

of high school. This study also illustrates how her identities and agency beliefs, neglected in the 

first few years of college, precipitated her leaving engineering. This case is not just an 

illustration of critical engineering agency; it augments our understanding of how critical 

engineering agency can be developed through high school experiences and the importance of 

connecting engineering in the classroom to authentic experiences that could have fostered Sara’s 

empowerment and identity development. This story has implications for how science can foster 

STEM career intentions, how engineering is represented as a discipline, factors that could make 

engineering more attractive to women, and the struggles students may face in the first year of 

engineering in college. Sara’s case illustrates one example of the power of identity, agency 

beliefs, and the role of change agents in students’ lives. It also shows that while many students 

focus on a STEM career as early as middle school and many girls lose interest in mathematics 

and science early (National Science Board, 2003), high school may not be too late for particular 

students to develop a desire to pursue engineering career pathways. This case study is not 

generalizable to all students; however, we believe that there are transferable implications from 

Sara’s story.  
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In this discussion section, we first examine the opportunities created in the high school 

science classroom for Sara to develop critical agency in support of greater participation and 

learning in and out of her science classroom. We also discuss how Sara’s perceptions of the 

structures in her post-secondary engineering environment chipped away at her critical agency 

and ultimately made her feel that engineering was “not for her.” We then discuss the relationship 

of authoring identities in STEM, agency, and career outcomes. 

Creating Opportunities for Participation 

How might a science, mathematics, or engineering class change to reflect Sara’s 

experiences? How might we change the actors, the script, or the stage? Sara was successful in 

navigating a successful path that merged her experiences with the clean water program and her 

science learning. This negotiation was also facilitated by her unique and strong relationship with 

her high school science teacher, Mr. S. His role in Sara's college decisions gives a powerful 

example of how creating opportunities for legitimate participation in a community of practice 

fostered Sara’s interest in a STEM career. The student-centered high school experiences that 

leveraged real-world engineering experiences made a significant and positive difference in 

empowering Sara to choose engineering. However, such experiences must also be supported in 

post-secondary education to support a continued, constructive development.  As Sara noted, in 

reference to her coding experiences to make a positive impact on critical engineering agency as 

described by Sara, “I didn’t feel whenever we had to follow a strict thing, it [engineering] wasn't 

as creative. But when like with [the clean water] program it was kind of because we had to think 

of different ideas and like improve it and whatnot.” 

 Several different factors emerged as important for Sara’s empowerment to move from 

potentially dropping out of high school to pursuing engineering in college. Her critical 
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engineering agency played an important role in her major choice: her interest in engineering and 

her decision-making process were propelled by her interest in mathematics and science 

(specifically, in chemistry) as well as Mr. S’s recognition of her as a science person and her 

desire to help people and make a difference in the world through her actions. 

Role of Mr. S in Sara’s Trajectory.  

Sara’s chemistry teacher crossed boundaries from just being a high school teacher in the 

classroom setting to being a mentor, clean water project leader, and father figure in Sara’s life. 

His relationship is particular in Sara’s pathway into and out of STEM. She credited him with 

connecting her newly fostered interest in chemistry with her desire to help people through a 

career in engineering. Not only did Mr. S give Sara guidance in her career choice, but he fostered 

her interests and recognized her as a student capable of achieving great things. Elsewhere in her 

life, Sara had not been recognized as a talented student in science, but Mr. S gave her that 

recognition, which went beyond simple acknowledgment of being able to get good grades. Sara 

described her in- and out-of-school experiences, “I had more time to get to know [Mr. S] better, 

and so I got to know more about him and engineering and he told me that he thought I would be 

good at it.”  Mr. S empowered Sara by connecting her identities and agency beliefs with her 

experiences in the clean water program and the science curriculum to give her an authentic voice 

in the classroom.  

 Mr. S's classroom prompted students to negotiate their own learning and relate their 

experiences outside of the classroom with the canonical knowledge taught in traditional high 

school classroom environments. Students were regularly asked to draw connections between 

what was taught in class and their personal experiences. The class was also structured around 
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self-paced, active learning activities in class rather than direct instruction. Sara described how 

this environment fit her:  

Because most teachers are just like lecture for so long. I do notes, sit there forever, get 

bored, try not to fall asleep and whatnot. But he [Mr. S] just, I love it, like because I can 

come in here, I don’t feel pressured to get my work done but I, like I’m this type of 

student that like I will get my stuff done, like I don’t know why it matters when I get it 

done as long as I do. And that’s what I’ve never understood and [Mr. S] gets that.  

He also asked students to take their learning and apply it to “big picture” problems like bringing 

clean water to developing countries. Mr. S’s unique role in Sara’s life allowed him to guide her 

in her development in this hybrid space.  

Lack of Interest and Participation in Engineering Courses.  

 We also note that Sara did not describe her first year engineering and mathematics 

courses as exciting or interesting. She saw them as stepping stones to more interesting courses to 

come later. Her lack of interest led her to put less effort into these activities and stifled her 

motivation to continue in engineering. She did not have an identity as an engineer or engineering 

person from these interactions with an engineering community of practice. She described a lack 

of seeing herself as an engineer because she “didn’t know enough yet,” that she felt like a 

“newbie,” and that “this engineering thing really isn’t for me.” Her discussion of her engineering 

courses highlighted her lack of legitimate participation and frustration that engineering was an 

isolating discipline, “Whenever I have questions and whenever I am stuck, I can't just go over to 

the teacher [college] and ask for help because he might not be in his office, he might not be 

there, and so I've kind of had to also not only work on my own.” Sara repeatedly discussed how 

difficult her engineering class was and that she just had to do it on her own. This classroom 
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experience was vastly different than her high school environment in which she felt like a central 

member. We are not suggesting that engineering identity development cannot occur in first year 

engineering courses, but Sara’s case illustrates the importance of feeling supported and having 

legitimate participation within a community of practice to facilitate an engineering identity, 

consistent with other work (Du, 2006; Pierrakos, Beam, Constanz, Johri & Anderson, 2009; 

Godwin & Potvin, 2015).  Such lack of legitimate participation is connected to students’ 

depressed feelings of belongingness and adds to many students’ decisions to leave engineering 

(Geisinger & Raman, 2013; Seymour & Hewitt, 1997). 

 This case illustrates how Sara’s isolating experiences of individualized, technical work 

with no community support may push out students at the margins out of engineering. Sara 

demonstrated that she did have the potential to be a successful engineer through her knowledge, 

passion, and desire to pursue an engineering career. Her high school classroom and clean water 

program experiences had significant, positive impacts on her development of STEM-related 

interest, identities, and agency beliefs which, in turn, played a role in her decision to enroll in 

engineering. However, these aspects of her critical engineering agency were not fostered in her 

university environment. Sara’s experience highlights the vital need for educating our engineering 

instructors through professional development about why student-centered teaching, affinity 

groups, and creating authentic engineering experiences connected to real-world problems is so 

important to retaining talent in engineering which are often not widely used practices but 

evidenced-based ways to improve student engagement (Borrego, Froyd, & Hall, 2010; Catalano 

& Catalano, 1999; Dym, Agogino, Eris, Frey, & Leifer, 2005; Fleming, 2012; Chanderbhan-

Forde, Heppner, & Borman, 2012). Sara discussed her lack of engagement in her engineering 

classes saying,  
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I struggled with engineering design on the computer was ‘cause it was like very um, more 

independent than... I'm generally and independent learner, but like we weren't really 

taught how to like pretty much anything. And, I like before I got into engineering I had 

like zero engineering experiences with anything, so like I had to kind of teach myself on 

my own. And, I just didn't fully grasp it all because of that I don't think. 

Sara had a unique perspective to offer in her university classroom, but she felt she never had the 

chance to use or share it and her clean water experiences in her first year. She hoped her 

experiences would be relevant in later engineering classes “whenever I get to like those classes 

involving more of the like geological aspects that I think that it will be more like relevant or 

whatever, but it’s not now.” The practices of educating engineering students emphasize 

professional training and acquiring the narrow content knowledge, forms of discourse, and 

expertise to be an engineer. Sara emphasized this point by saying that she did not feel like an 

engineer during her first year of coursework because she did not “know very much stuff yet” and 

was “not even close to as smart as I need to be.” Sara viewed competence in engineering to be 

about acquiring enough of the “right” knowledge to participate in an engineering community of 

practice. The narrow definition of what constitutes engineering knowledge within her 

environment functioned as a significant barrier to Sara’s participation and persistence in 

engineering. 

Implications for Teaching Engineering.  

 Engineering as a field makes significant societal impact. However, course content is often 

tied to understanding complex equations, abstract theories, and “getting the right answer” rather 

than emphasizing the practical and societal importance of engineering knowledge (Cech, 2008; 

Stevens, O’Connor, Garrison, Jocuns, & Amos, 2008). The perceived lack of a connection to 
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societal problems is a top barrier to women entering engineering (Widnall, 2000). Similarly, 

female undergraduates often see projects in the broader context of social and environmental 

impact while males focus on more technical details (Lord, 2010). Sara’s case illustrates the 

importance of connecting engineering content to students’ interests, prior experiences, and to 

society at large to foster critical engineering agency. She described the classroom environment 

saying, “most teachers are just like lecture for so long, do notes, sit there forever, get bored, try 

not to fall asleep and whatnot.  But [Mr. S] just, I love it, like because I can come in here and get 

my work done and go to [Mr. S] and he tells me like oh, okay, so, yeah…and he connects stuff to 

things that are more like relevant or whatever.” Sara went on to describe how the clean water 

program and Mr. S helped her decide on an engineering career path. When Sara described her 

engineering class experiences, she used words like “boring” and “pushing me away.” Recent 

movements in science education have emphasized the importance of socioscientific inquiry 

(Aikenhead, 2006; Sadler, Barab, Scott, 2007; Osborne, Williams, Tytler, & Cripps Clark, 2008) 

and connections between science and students’ personal experiences for agency and identity 

development (Hazari et al., 2010; Mallya, Mensah, Contento, Koch, & Calabrese Barton, 2012; 

Tan, Calabrese Barton, Kang, & O’Neill, 2013). While some engineering programs do 

implement these practices, many do not. Sara’s story highlights the need not only to teach 

engineering content but also to connect that content to students’ experiences in meaningful ways. 

Sara discussed how her chemistry classroom was. Common calls for engineering education 

reform include  

strengthening the mathematical basis of engineering; increasing the focus on design and 

laboratory work; emphasizing communications and social skills; integrating the liberal 

arts, particularly social sciences, into the curriculum; incorporating good teaching and 
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continued curricular development; and instilling in students an appreciation for lifelong 

learning (National Research Council, 1995 as cited in Riley, 2003, p. 139).  

This mainstream approach to engineering education may ignore how content can impact 

students’ identities and agency and may differentially affect women and students of color. Sara’s 

case is one illustration of how engineering environments can negatively impact a student’s 

intentions to persist in engineering and has implications for “traditional” engineering education. 

Adding Depth to Critical Engineering Agency 

The positions that students are afforded in particular communities of practice can 

significantly impact their abilities to author identities, engage with learning, and develop and 

leverage their agency. The environments Sara experienced juxtaposed two very different 

positions. In her high school classroom, Sara’s opinions and prior knowledge were valued. Mr. S 

connected her experiences with the clean water program to the science curriculum which created 

opportunities for her to see herself as a central and legitimate participant in science. He also 

created opportunities to learn about the clean water program through technical content as well as 

sociocultural issues in developing countries.  She melded another salient identity as someone 

who could effectively use science in another country to improve the resident’s quality of life, 

solve problems, and make a difference in the world. However, her position within engineering in 

college did not afford the same opportunities to use her background knowledge and experiences 

to author an identity and defined a space in which she did not feel like she had agency. 

Influence of Context on Identity Saliency  

Students have multiple identities that interact within a particular context (Stryker & 

Burke, 2000). Depending on one’s positionality, each identity has differing authority and 

salience in the process termed by Bakhtin as “dialogism” (Bakhtin, 1981). Each identity has a 
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different value and position as associated with a particular social group or individual that wields 

different power within a community of practice. In authoring identities, a person is negotiating 

how they align their roles with people within their community of practice and fit their own 

identities at any point in time within the group. In this process, identities develop and are stable 

only as long as the relational authority they claim and the space of authoring is available.  

 In our prior work, we examined the paths between the constructs of identity, agency 

beliefs, and engineering choice (Godwin et al., 2016) and the ways in which women spoke about 

their identities in physics, mathematics, science, and engineering that impacted how they saw 

themselves as members of the engineering community (Godwin & Potvin, 2015). However, 

these studies did not give a thick description of how a student’s positionality and the affordances 

of their environment can create spaces conducive to authoring identities and agency.  In her high 

school science experiences, Sara authored identities counter to the “normative” culture and 

perception of engineering as a technocratic, male-dominated field strengthening her agency and 

empowerment to choose engineering as a major in college.  

 However, once the boundaries of her space of authoring changed, her ability to develop 

her critical engineering agency was hindered. Her engineering instructors and the classroom 

norms valued technical knowledge and only the “right” engineering experiences prior to college. 

This change in what knowledge and participation were valued in the classroom caused Sara to 

feel like she was not an engineer because she did not have the same experiences as other students 

in robotics and coding. Sara did not see herself as an engineer because, within her community of 

practice in engineering, she did not fit within the cultural norms that shaped what it meant to be 

an engineer. She shared with us that she left engineering not because she did not see herself as a 

math or science person but because she did not think that “it [engineering] really fit [her] 
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personality.” Sara could not articulate why she did not feel like she fit within engineering 

specifically, but that it just “wasn’t for me,” and she “just [didn’t] see myself doing it for the 

long-term.” Sara’s perceptions of engineering coming into college fit with the desire of many 

engineering educators to “change the conversation” about what engineering does and how it 

impacts others (Committee on Public Understanding of Engineering Messages, 2008). 

Unfortunately, the unreformed curriculum, atomized work, and lack of connections to society did 

not support Sara’s identity and agency development.  

Implications for Using Critical Engineering Agency 

This case study adds to our understanding of how critical engineering agency can 

function as a lens to understand how students can be given space to author their identities and the 

subsequent impacts on outcomes like career choice. Sara described specific examples of both 

positive and negative experiences that impacted her agency and identity development. Other 

frameworks to understand student career choices, especially engineering, have focused on the 

individual’s beliefs of self-efficacy, outcome expectations, predispositions (Lent, Brown, & 

Hackett, 1994); lack of belonging (Marra, 2009); structures that impact students like inadequate 

teaching (Barinard & Carlin, 1998; Christopher Strenta, Elliott, Adair, Matier, & Scott, 1994; 

Geisinger & Raman, 2013; Johnson, 2007; Seymour & Hewitt, 1997); the competitive 

environment fostered in science and engineering classrooms (Strenta et al., 1994); or overt 

discrimination (Good, Halpin, & Halpin, 2002; McDade, 1988; Tonso, 1999). These studies 

highlight interventions at the individual level or at the institutional level that could be 

implemented to improve recruitment and retention. Critical engineering agency, by contrast, 

allows us to examine the mid-level of developing identities within the communities of practice in 

the subculture of a classroom as well as with a discipline as a whole. Investigations at this middle 
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scale can allow us to understand how students learn what it means to be a scientist or engineer, 

how they develop (or not) identities within their classroom communities of practice, and how 

they connect these identities with their career goals and learning.  

Critical Engineering Agency in the Science Classroom  

Our study suggests a new and potentially powerful direction for understanding how 

students begin to form subject-related identities within their secondary and postsecondary 

environments and how these self-beliefs impact career outcomes. Examining critical engineering 

agency in the context of communities of practice allows us to see the connections between 

science classrooms, students’ positions, outside learning opportunities, and career choices. In the 

case of Sara, a student who had considered dropping out of high school, we see how learning to 

meaningfully participate within a science community was in part due to Mr. S’s ability to 

connect Sara’s interests in the clean water program with science learning in the classroom, her 

identification with science, and her empowerment to see a STEM career as a positive way to 

make a change in her community and world. Acknowledging and supporting this type of identity 

development and valuing Sara’s knowledge that she brought into the classroom as a legitimate 

form of participation within that community allowed her to become a central player and leader 

within her science sphere of influence and opened pathways into STEM fields. We can learn 

from this case ways to redefine what it means to be a science person within the science 

classroom.  

Critical Engineering Agency in the Engineering Classroom  

As a direct counterpoint, Sara’s experiences within her engineering classes were isolating 

and did not empower her to take on a participatory role. The knowledge that was valued within 

Sara’s courses was the knowledge of engineering design processes, computer programing, and 
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having the right answer to a problem. Arguably, Sara would have made excellent contributions to 

engineering with her strong desire to “help people out” and her real-world engineering 

experiences. Sara did not truly participate within the college engineering community of practice 

because this environment did not offer her the space to author an engineering identity or see 

engineering as a career path to make a difference in the world. She could not leverage her 

existing agency and outside knowledge as sanctioned ways of knowing within engineering. 

Educators must attune themselves to learning as a multifaceted endeavor that has identity 

authoring and agency development at its core.  

Limitations and Future Work 

 We acknowledge the limitations of no direct observations of Sara’s college classrooms on 

framing this work. While Sara’s perceptions of her experiences are the most important part of 

understanding her critical engineering agency (Bandura, 1997), external information about the 

class structure, peer-to-peer interactions, and other students’ perceptions about the course could 

have provided additional insight into the structures of the classroom and Sara's position in it. 

Without this additional information, we can only provide Sara’s story from her perspective and 

from the static artifacts collected. There is a deep and rich context for this work over a two-and-

a-half-year period. We have worked to present the most salient details for understanding the 

“push” and “pull” effects on Sara’s identity and agency within her science classroom and 

engineering experiences. Future work could include examining other facets of Sara’s story 

including the particular influence of Mr. S and the impact of classroom environments on Sara’s 

perceptions. 

Additionally, we acknowledge that the findings of this work are limited to a single case. 

Sara’s experiences do align well with other research on women in engineering; however, each 
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student's story is unique in some aspects. The course structures that were supportive and 

detrimental to Sara’s critical engineering agency may be different for other students. Some 

students were currently excelling in the engineering learning environment and were participating 

as legitimate members of the engineering community. However, Sara reported that most of these 

students were white and male. Sara stated that she was one of four female students out of almost 

150 students in the first-year engineering program at her school. Seeking ways to change 

engineering instruction that not only favors the existing classroom majority but also 

underrepresented students is a vital part of creating an engineering community of practice that is 

more broadly inclusive of the population. 

Sara’s story is the beginning of an exploration of how critical engineering agency can 

positively impact the transition from high school to college environments for diverse learners. 

Our future work includes exploring how other underrepresented students in engineering develop 

and leverage their identity and agency in engineering. We would also like to examine how the 

integration of out-of-school experiences with in-school instruction provides ways for learners to 

support their science and engineering learning. 

Conclusion 

Sara’s trajectory has shown us that the development of critical engineering agency can 

positively impact career outcomes, like engineering choice. This work also illustrated the 

importance of the authoring space available for students within their experiences in the 

secondary and postsecondary spaces. Direct participation in course content and feeling like her 

knowledge and experiences were valued was vitally important for Sara’s development. The 

structures in her engineering classes distanced her relationship with her professors, the content, 

and her ability to connect her out-of-school experiences with her course learning. The emphasis 
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on technical prowess and individual work isolated Sara. This environment pushed Sara out of 

engineering in spite of her initial interest and talents. By the end of this study, Sara saw 

engineering as individual desk work that did not have real-world impact so she chose another 

career path that better fit with her STEM identities and agency. Creating classroom environments 

that support students in the authoring of their identities and create opportunities to see science 

and engineering as a way to make a positive change in the world can allow students to be active 

participants in their own learning and can foster and support STEM-related career choices. 
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