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Abstract

Most science curricular reform efforts are designed by

administrators or science education experts. It is less com-

mon for teachers to work collaboratively across disciplines

to create, implement, and disseminate an integrated STEM

curriculum developed for noncollege‐bound students that

ended up being popular across student populations at the

school. The integrated Geometry in Construction curriculum

was developed 12 years ago and has since been adopted by

over 425 schools across the United States. This intrinsic case

study describes the experiences and perceptions of two high

school teachers (one in mathematics and one in industrial

science/engineering) as they achieved agency to initiate a

deep and sustained reform effort. Drawing on the theory of

teacher agency, the factors motivating the teachers to enact

their beliefs about students and teaching are described. As a

result of increased professional agency (driven by profes-

sional discontentment, willingness to take risks, and en-

couragement by mentors), these two teachers (a)

cogenerated integrated engineering‐math curriculum with

one another and their students and (b) addressed the needs

of their community for affordable housing.
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1 | INTRODUCTION

Scholars have called for science, technology, engineering, and mathematics (STEM) literacy initiatives that increase

both content and disciplinary competencies and that are meaningful for all students (Bybee, 2010; Zollman, 2012).

Such reforms require that STEM educators have the capacity to meet these challenges, including those related to

making content relevant, engaging, and inclusive (Feinstein, Allen, & Jenkins, 2013). Despite the call to integrate

real‐life examples and learning opportunities in curricula (Rutherford & Ahlgren, 1990; National Research Council

(NRC), 2012) and to broaden the participation of those who pursue STEM careers (Hill, Corbett, & St. Rose, 2010),

teachers need support to make these changes. Support may come in the form of providing professional develop-

ment around curriculum or facilitating teacher‐initiated curriculum development.

Not all reform efforts use the same strategies or have the same goals (Wilson, 2013). Some occur through

a top‐down approach when administrators, in response to policy, impose changes on classroom teachers

(Cuban, 1988; Fink, 2003; Spillane, 2000). These reform efforts are usually framed according to warrants and

evidence that are meaningful to policy makers (Cochran‐Smith & Fries, 2001) but not necessarily to teachers.

Teachers are charged with implementing new instructional strategies or curricula, while their fidelity to

implementation is examined (Henderson, Beach, & Finkelstein, 2011). In cases when teachers experience

pedagogical discontentment, or the feeling that their existing curriculum and instructional strategies are not

meeting their teaching goals, they may be receptive to externally initiated reform practices (Feldman, 2000;

Southerland, Sowell, Blanchard, & Granger, 2011). However, this type of reform can be problematic when teacher

beliefs are overlooked or differ from district administrators’ understanding of how reform should be implemented

(Schraw & Olafson, 2003; Spillane, 2000; Woodbury & Gess‐Newsome, 2002). Subsequently, in the absence

of teacher beliefs being solicited or considered, reform efforts may fail (Coburn, 2003; van Driel, Beijaard, &

Verloop, 2001). Furthermore, expectations of teachers increase when they are held accountable to new curriculum

and pedagogical practices that are reflected in their annual evaluations and expectations of the profession

(Gess‐Newsome, Southerland, Johnston, & Woodbury, 2003; Pitot, 2014).

1.1 | Successful reform

Because many curricular reform efforts are short‐lived and superficial, identifying the strategies that help teachers

enact reform, their beliefs about teaching and reform, and the conditions that support sustainable change, including

opportunities to work within a professional community, can help reformers facilitate implementation of innovations

(Coburn, 2003; Coburn & Russell, 2008; Czerniak & Chiarelott, 1990; Wenner & Campbell, 2017). Coburn (2003)

called for a reconceptualization of what successful reform entails and identified four important outcomes: (a) depth

(of beliefs, interactions, and pedagogical principles), (b) sustainability (conditions that support teacher and school

communities), (c) spread (of norms, beliefs, and principles across content, schools, and districts), and (d) shift in

ownership (from reform designers to reform implementors). She cautioned educational reformers to not conflate

ownership with “buy‐in,” which can be short‐lived and does not lead to sustainability. Coburn (2003) challenged the

educational research community to consider scale when evaluating reform efforts but also acknowledged that it

can be difficult to study changing norms, shifts in ownership, and trade‐offs that drive or inhibit change.

Nonetheless, these four outcomes are relevant for both top‐down and bottom‐up curricular reforms. Furthermore,

Coburn's model can also inform our understanding of how to identify successful reform, as well as how sustained

reform efforts are initiated.

There are many examples of top‐down reform efforts (Wenner & Campbell, 2017), but much less is written

about teacher‐initiated curricular reform endeavors that have spread and have been sustained. Teachers may adopt

and adapt curriculum, yet they are not necessarily the actors driving change or coproducing subsequent changes

(Beachum & Dentith, 2004; Kirk & MacDonald, 2001; Priestley, Edwards, Priestley, & Miller, 2012). When teachers
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do initiate and disseminate reform, identifying the characteristics and contexts of those teachers can provide

insight into how school communities, administrators, and teacher professional learning communities can create

environments that support teacher innovation. In other words, understanding how teachers achieve a sense of

agency to change their curriculum can inform how schools and teacher educators support teachers.

1.2 | Integrated STEM courses

The science, technology, and society (STS) movement was the first national effort in the United States to highlight

the meaningful and mutual integration of science and technology education, which Cajas (2001) argued can

collectively increase science literacy. Although people often equate technology with computers, Rutherford and

Ahlgren (1990) used an expanded definition that includes artifacts, knowledge, and social practices (Cajas, 1998)

that improve human lives (for survival or personal aspirations). Because engineering as a profession is better

understood and valued by the public more than technology education, many industrial science programs have

and are reframing their curricula as engineering programs that emphasize the application of theoretical physics

concepts in reaction to perceptions that these courses focus solely on practical, nonacademic skills (Gattie &

Wicklein, 2007; Wicklein, 2006). Integration of technology courses with science and mathematics courses not only

legitimizes IT courses, it can increase overall STEM literacy (Cajas, 2001; Lewis, 2004). However, this call for

reframing has required that IT teachers drive the paradigm shift in their discipline in light of the emphasis on

“STEM” (R.B. Hill, 2006).

I describe a case study of two high school teachers who developed and implemented STEM curricular reform,

the incentives driving them to reinvent their curriculum, the barriers they had to overcome to achieve their goals,

and the outcomes of their efforts. Here, curriculum is defined as not only the content and competencies being

introduced to students, but the pedagogical and assessment strategies implemented by teachers. In this case, the

reform was first implemented 12 years ago and involves collaborative teaching and the integrated curriculum of a

mathematics teacher (Tom) and an industrial science/engineering teacher (Scott). I met Tom and Scott through

another teacher educator, who had once worked as a teacher in their district. Because I was conducting a long‐
term participatory action research study with a middle school teacher at a nearby school, I was able to stop by

the high school and get to know Tom and Scott. Tom and Scott, both frustrated with different aspects of their

teaching responsibilities at their suburban high school, valued the importance of contextualized STEM curricula

(Berlin & Lee, 2005; Berlin & White, 1994; Frykholm & Glasson, 2005). Their STEM course, “Geometry in

Construction,” for which students earn two grades (one in mathematics and one in industrial technology—IT), is

centered on both conceptual and procedural knowledge (McCormick, 2004). Both teachers were interested in

participating in a study about their experiences, but Scott, in particular, was enthusiastic about their story being

told to teacher educators. As a former teacher who embraced interdisciplinary curriculum and as a teacher

educator who designed and taught an Interdisciplinary Teaching Methods course, I was motivated to learn more

from Tom and Scott. I soon realized that their commitment to their reform effort was different than most

teachers. Furthermore, because I have been working with preservice teachers for the past decade as they explore

place‐based education as a means to engage their own future students in civic action, I was motivated to better

understand the case of Tom and Scott.

I used Coburn's (2003) model to identify Tom and Scott's example of reform as successful but still wondered

how these teachers initiated a bottom‐up, sustained reform endeavor. Although the integration of these two

courses is not necessarily unique to these two teachers, their case of in‐depth, sustained reform that has spread to

schools across the country that have taken ownership for subsequent spread is unusual. As IT programs tend to

attract noncollege‐bound students (Wicklein, 2006), this case study also allows an opportunity to understand how

these two teachers sought to meet the needs of students they felt were disenfranchised in a school system that

prioritized preparing students for college studies, rather than for a career in trade fields. Tom and Scott realized
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that their program at their school, like those across the country, serve many ethnic minority students who often

feel marginalized in the school system (Butty, 2001). Many of their students came from households where English is

not the first language, and, according to other teachers in the district with whom I collaborate, have parents and

guardians who are less involved in school activities (e.g., volunteering in classrooms, present at parent–teacher

conferences) compared to other students’ families. Tom and Scott felt motivated to test an integrated curriculum

that would be perceived as rigorous (geometry content) and relevant (practical skills for engineering competencies)

to students, parents, and administrators while empowering and being appealing to students who had not expressed

interest in taking higher‐level mathematics classes or pursuing STEM professions. They also wanted to help their

students develop relationships with community members, who were supportive of the students completing their

high school studies before seeking work or postsecondary studies.

Coburn (2003) challenged those who study educational reforms to identify cases that move beyond surface‐level
changes and instead, are conceptually deep, sustained, able to spread, and support a shift in ownership. In response,

this study sought to better understand how two individual teachers scaled‐up a curriculum, parts of which have

certainly been employed for decades by IT teachers who integrated mathematics concepts into their Construction or

Wood Shop courses, to a national level. I sought to identify what environmental and personal variables enabled these

teachers to achieve agency and motivated them to initiate, support, and disseminate STEM curricular change from the

bottom‐up in sustainable ways (Coburn, 2003).

2 | THEORETICAL FRAMING

Although teachers are expected to adopt innovations imposed by reformers, their concerns, beliefs, and motiva-

tions may or may not be considered. Yet, if they believe they have control over their actions, this may influence

their sense of agency and their commitment to the reform. For teachers to be central in reform programs, they

need a sense of ownership and the capacity to act on beliefs (i.e., agency) to adopt and sustain new pedagogical or

curricular strategies (Priestley et al., 2012). In reality, though, teachers may have beliefs about teaching that differ

from their beliefs about support from their administrators (Spillane, 2000) or beliefs about professional stability

(Balgopal, 2014). Moreover, intending to change and actually changing practices are not always aligned (Addy &

Blanchard, 2010; Furtak, 2012). Therefore, teachers’ agency may be mediated by the environmental conditions in

which they are employed (Priestley et al., 2012).

Biesta and Tedder (2007) and Emirbayer and Mische (1998) conceived agency as something to be achieved,

rather than to be had. In their case study of two adults with very different life experiences, Biesta and Tedder

(2007) demonstrated that their participants’ abilities to be reflective of how their life choices and environment

shaped them was associated with achieving agency. That is, their participants found opportunities to change their

future or of those for whom they cared. Although people may have different cultural capital on which to draw,

it is the ability to display control over how problems are solved that allows people to gain agency (Biesta &

Tedder, 2007). Furthermore, achieving agency is influenced by complex interactions, including individual, social,

cultural, material, and structural factors, that influence people over time (Emirbayer & Mische, 1998; Priestley,

Biesta, & Robinson, 2013).

Emirbayer and Mische (1998) considered agency through a pragmatic, temporal lens, requiring iterational

(past), practical‐evaluative (present), and projective (future) dimensions of analysis. They assumed that people can

transform their relationships to environmental contexts or “shape the circumstances in which they live” (p. 965).

For example, people who have achieved agency can continually reflect on the past, work to change their present

context, and have the capacity to affect the future (Mead, 1932). Drawing on these sociological assumptions,

Priestley et al. (2012) articulated three principles to guide research on teacher change: agency is connected to

environment, agency can be studied across time and space, and the use of dualistic analysis of agency can ultimately

help researchers identify causes and capacities for change.
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To better understand how two teachers initiated and sustained a successful reform effort, I sought to identify

what caused the teachers to want to change their teaching context and how they developed capacities to enact the

change. Drawing on both theories of teacher agency and sustained reform, the following questions guided this

study: (a) What contexts, beliefs, and dispositions motivated the teachers to initiate reform? (b) How did the

teachers achieve agency (i.e., what contextual barriers did the teachers overcome to initiate and enact reform)

across time and space? (c) How did the teachers’ actions (their capacity for sustaining change) help their reform

efforts to be deep, sustained, easily spread, and supportive of various stakeholders taking ownership?

3 | METHODS

Case study research allows researchers to explore a case (or multiple cases), which are temporally and spatially

bound, to answer research questions (Stake, 1995, 2005). The uniqueness of Tom and Scott's bottom‐up successful

and sustained reform warranted an intrinsic case study design. I collected information from these teachers about

their experiences at a single high school, although other teachers across schools have since taught the curriculum.

I used multiple sources of data to describe this case and to answer the research questions about the attributes that

support sustained teacher‐driven STEM curricular reform.

3.1 | Context

The high school in which Tom and Scott developed this program is a suburban school located in a city with a

population of 67,000 in the northern Colorado, approximately 50 miles from a major city. The high school is one

of four high schools in the district. When Tom and Scott began their collaboration in 2006 with support from a

district administrator (curriculum facilitator), almost all of their students were boys. In the first year, there were

80 students and very few girls (Jensen & Fritz Weinberg, 2008). By Year 4, 25% of the students were girls and

jumped to ~50% by Year 5 (National Research Center for Career & Technical Education, NRCCTE, 2011). It

currently enrolls 150 students a year, including as many college‐track students as it does vocational‐track
students (for whom the course was initially developed). Almost half of the graduating class (47%) in 2018

indicated that they wanted to attend a 4‐year college, and another 30% indicated plans to attend community

college, according to surveys that Tom and Scott administered. The course is currently offered at over

425 schools nationwide after Tom and Scott created summer workshops to share their success with colleagues

across the country, an example of replication of reform at both local and national levels (Coburn, 2003;

Rentsch, 2018). The initial dissemination of the curriculum occurred through teacher professional development

conferences and workshops, but a few years after implementing their curriculum, Tom and Scott developed their

own professional development business. Each summer, they travel around the country, often being invited by

school districts, to lead workshops on how to implement an integrated STEM course. For example, they

have nine workshops planned across the United States in 2020, ranging from Alaska to New Hampshire. Hence,

the dissemination of their curricular reform has occurred because of Tom's and Scott's business acumen. At

their own school, around 1,700 students have taken the elective course since it was developed, illustrating a

demand within the local context. The first house was constructed for a private buyer, and soon afterwards, the

teachers collaborated with Habitat for Humanity, a nonprofit organization that ensures that low‐income citizens

have housing. The students in the course have built a total of 13 houses over the years. Tom and Scott have both

since left the school district in which they initiated the reform. Tom has retired from teaching but is engaged

in a business the two teachers created that offers professional development workshops and standards‐based
curricula to teachers across the country. Scott is teaching in a different, more urban, school district and helps

manage the business that he and Tom created.
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3.2 | Participants

Tom and Scott arrived at the partnership after following different teaching paths. They did not know each other

before the project but met through a colleague when Scott was looking for a mathematics teacher with whom to

attend a professional development (PD) workshop in a neighboring district.

3.2.1 | Tom

Tom, a middle‐aged White man, attended high school in a small town in Alaska. He received his BS in

mathematics and a teaching license from a large research university in south‐eastern United States. He

worked part‐way through an MS in mathematics but chose to work as a teacher to support his family.

He stated that people probably become teachers because they had a “wonderful experience in high school.” In

his discussion of his first year of teaching, Tom stated, “I saw high school through my eyes, which was a great

place and was fun, I wanted to be there. [However,] that is not what all students see, as you know, and so I

taught the 1 year.” He took a break from teaching after his first year, which he described as horrible, in part,

because he could not connect to the students he was teaching. He took a job in construction to earn money.

And then, after a brief stint in graduate school, Tom returned to teaching because of his strong interest in

working with people. “I decided it was time to give teaching one more try because it had always been

something I wanted to do and because I had a year, I think, to sit upon my first year's experience of ‘okay, so,

students are not like me.’”

When Tom returned to teaching, he was hired to teach in a suburban high school. There he received strong

mentorship from his principal and intensive PD that helped him develop his teaching abilities and identity, as well as

a professional community of practice. Developing a strong rapport with colleagues also mentored by the same

principal, Tom decided that he loved being a mathematics teacher. His passion for helping teenagers discover

their potential was reinforced after accepting an invitation by a coworker to participate in a summer mentoring

program. The nondenominational Christian ministry organized summer youth trips to parts of the country that

were economically depressed. Tom used his experience in construction and woodworking to mentor youths as they

helped residents rebuild or repair their houses. For example, he led a bus full of adolescents to the Gulf States

to help rebuild homes destroyed by Hurricane Katrina. Tom often used the term, “mission,” to describe his

commitment to working with teenagers.

3.2.2 | Scott

Scott graduated from a public high school and received his BS and MEd degrees from a research university in the

western United States. Scott identifies as being Asian‐American but was raised by White adoptive parents. He

credits them with being strong advocates for him when he struggled academically. Scott was eventually diagnosed

with dyslexia. His mother was a teacher and helped push him to succeed in school, even though his guidance

counselor stated that he should not attend college. His family supported him, and he often heard, “failure is not an

option. It's always going to take you longer, so get used to it.” Martial arts training was important to Scott as a child

and continues to be. Scott credits this experience for his drive and focused determination to overcome obstacles.

“I was never really successful in school…compared to kids who were in Honor Society.” Scott did not identify

himself as a strong math student. “I understood area, but in terms of all the other things in geometry, knowing what

I know now, I did not understand anything.” He described his attitude toward math at the end of the individual

math placement program, “I think I thought it was pointless… why are we doing this? We are taking these tests and

just cram, cram, cram, but it doesn't relate to me.”
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Scott majored in industrial education (rebranded as engineering education at the university where he

attended), so he could earn a Career and Technical Education (CTE) teaching license. As an undergraduate, Scott

was very active in student leadership, Asian‐American student services, and university orientation programs.

His participation in these campus programs helped ignite his passion for advocacy. Feeling burned out after a few

years of teaching and not finding support in his school to advocate for the noncollege‐bound students in his classes,

Scott returned to the university to earn his Master's in Educational Leadership. At this point, Scott became

convinced that advocacy could be achieved through future leadership endeavors.

3.3 | Creating a new integrated STEM course

Integrated STEM courses, such as Geometry in Construction, help meet national reform goals in science and

mathematics literacy, as Tom and Scott explain on their website (http://www.contextuallc.com/downloads/#

clcdata). Students learn about physical science concepts outlined in the Next‐Generation Science Standards (NGSS),

such as properties of matter (HS‐PS1) force and interactions (HS‐PS2), and to a lesser extent, energy (HS‐PS3), as
they learn about the properties of building materials, how building tools operate, and how to employ their

knowledge of force to construct stable structures. Concurrently, they learn mathematical concepts listed in

Common Core State Standards (CCSS), such as calculations of volumes of prisms, pyramids, cylinders, cones, and

spheres (G.GMD.3–4), using trigonometry tools (sine, cosine, tangent) to calculate areas of triangles and angles

(G.SRT.6–8), and graphing quadratics (G.GPE.2).

Tom and Scott were aware of the contextual issues of their school that could support an integrated course. The

class occurs during a 2‐hour block period. Geometry is often discussed in a formal classroom during which students

listen to lectures, engage in class and small group discussions, and work on problem sets with teacher guidance.

Initially, this may sound like any typical math class in any given school with direct instruction, guided practice, and

occasional group work, although upon further reflection, it is a far more robust learning environment. Students are

engaged daily in contextual math problems that directly relate to all aspects of the construction and engineering

industries. Throughout the year, the teachers explained that they tackle real‐world problems and make concrete

connections between the rich math content found in academic standards to relevant situations students will

encounter through the construction program in which they are dually enrolled. This approach further enforces the

need for math teachers to integrate the practice standards outlined in state academic standards which are often

“pushed to the back burner or right off the stove in most math classes as teachers try to cover all of the standards

deemed necessary to aid students in the ever‐expansive pursuit of annual yearly progress” as Scott explained.

Tom and Scott collaborated to determine what content their curriculum should cover. They decided

students should be able to: (a) make sense of problems and persevere in solving them, (b) reason abstractly and

quantitatively, (c) construct viable arguments and critique the reasoning of others, (d) model with mathematics,

(e) use appropriate tools strategically, (f) attend to precision, (g) look for and make use of structure, and (h) look for

and express regularity in repeated reasoning (National Governors Association Center for Best Practices & Council

of Chief State School Officers, 2010). For example, when discussing area and perimeter geometry in construction,

Scott explained that

students are given blue prints of the house they will be building and are required to calculate the amount of

materials [they] will need to complete the project. Also, when framing the actual walls students learn about

quadrilateral properties through the squaring of walls. This method requires students to learn the theory

behind what they are doing as well as the practical application for the theory. This mutually beneficial

partnership between the two content areas provides a platform whereby students construct a deep

understanding by grappling with real‐world situations creating more student engagement, enthusiasm, and

academic grit when confronted with more challenging problems.
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Tom and Scott monitor, guide, coach, and organize the learning environment around a diverse and broad

spectrum of activities that allow them “to harness the strengths of all of our students,” according to Scott.

The teachers are purposeful about creating a robust learning environment that provides many opportunities

and activities for all students to find ways to engage with the course content. “STEM education gives meaning

to academics and encourages students to apply their learning at a much higher levels of thinking than

normally occurs in the classroom,” they wrote in a National Career Pathways Network newsletter. Building

community and a joint sense of purpose is central to the curriculum, and Tom and Scott work hard to create a

class atmosphere in which all students feel academically, emotionally, and physical safe. As a result, Tom and

Scott believe their students learn quickly that although one student may not be able to solve theoretical

geometry questions quickly, that particular individual may be an important asset in the outdoor classroom

during the construction activities. In this way, the students learn that working as a team is more productive

than working alone.

Students in the course build a small house (~112m2) that is usually sold to nonprofit organizations, which

identify a local family in need. The proceeds generated from this event are used to purchase materials for the

subsequent class, allowing the program to be self‐funded. The intention of building a real house for a family is to

instill pride in the students and a sense of what service‐learning is. According to Tom and Scott, parents and

community members have been supportive of this program. Each year the local newspaper and/or the school

district advertises the completion of a house. More recently, state and national television programs have

disseminated this story.

Tom and Scott have been recognized by their administrators and professional colleagues as exemplary master

teacher pioneers. The first year of their course, the superintendent at the time recognized and funded a report

highlighting how students who qualify for free/reduced lunch or English language acquisition service, in particular,

benefit (Jensen & Fritz Weinberg, 2008). Scott was awarded the Career Technical Education (CTE) teacher in his

state as well as the regional CTE teacher of the year for his region consisting of 16 states. Likewise, Tom has

received recognitions for his curricular innovations in contextual mathematics. To better understand how these

two teachers successfully initiated, implemented, and disseminated their vision of an integrated STEM course, I

sought to identify what variables and characteristics allowed them to achieve agency to engage in a sustained and

scaled‐up reform endeavor.

3.4 | Data collection and analyses

Case study analyses draw on multiple sources of data. Although I observed the integrated class and the

setting, spoke with other teachers in the district, reviewed professional development materials that Tom and

Scott developed, read district reports and numerous news articles and podcasts about the school, met with a

former student of theirs (who earned an engineering degree and then returned to become a CTE teacher), and

reviewed the curriculum itself, I primarily drew on phenomenological interviews with each teacher a few years

after they initiated their reform efforts. I then met with them 2 years later, after they successfully expanded

their program to other states. I have continued to follow the accomplishments of both teachers through

meetings, email, social media, and their online blog. To understand the participants’ beliefs, perceptions, and

sense of agency, drawing on their narratives was essential. I also drew on multiple news stories (television

clips and newspaper articles) to identify how other communities and school districts were adopting Tom and

Scott's curriculum.

Two 2‐hour semistructured interviews (Appendix) with each participant were conducted separately with a

colleague after school hours. In total 480min (8 hours) of audiorecording were transcribed. During analysis, I was

mindful of the three principles Priestley et al. (2012) posit are relevant for studying teacher agency and change:

situated agency (knowing the context), agency across time and space, and identifying causes and capacity for
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change. In this case study, my initial analysis sought to understand the teachers’ perspectives of their contexts

(personal and structural) and beliefs, including those that affect agency to enact change. This helped me to identify

variables that motivated Tom and Scott to enact changes, first in their own classrooms, then across the district, and

finally, nationally. I identified both the teachers’ perceptions of their past contexts or causes and their capacity to

change, providing an explanation of why and how Tom and Scott initiated reform (formalizing an integrated

curriculum and disseminating it nationally). Through discussions of past experiences and how those impacted their

present teaching experiences, the teachers discussed their projected goals for future curricular reform. Using this

temporal lens of analysis further guided my analyses.

Using a constant comparative coding process (Strauss & Corbin, 1998), the data were initially analyzed using

open coding to understand (a) the impetus for curriculum reform, (b) how the class was structured to be inter-

disciplinary, and (c) how the class was intended to serve the diverse needs of their students. The open codes

(finding support, ownership of learning, relevance of content, respect for all teachers/learners, motivation to learn,

importance of school community, student needs) were collapsed into axial codes (dissatisfaction with current

situation, adherence to whole child educational philosophy, importance of risk‐taking approaches, and teachers as

student advocates). The final codes (values as teacher, mission as teacher, support from other teachers) informed

the final propositions.

3.5 | Trustworthiness

Coding was conducted iteratively over several months. Field notes and memos supported the identification of

codes (Charmaz, 2005), as did triangulation with other data sources (curricular and professional development

materials, teacher blogs, news reports, and observations) described above (Yin, 2013). For example, when the

participants spoke about community support (such as, companies and nonprofit organizations partnering with the

teachers) these reinforced findings in the analyses. However, the most important approach to establishing trust-

worthiness with a study that seeks to understand participant beliefs and perceptions was member checking during,

immediately after interviewing, and after completion of data analysis (Yin, 2013). Regular meetings with the

participants allowed me to ensure that I was interpreting their experiences to determine what conditions

supported their sense of agency as change agents. In addition, I met with a colleague, who was present during the

interviews, for peer debrief sessions, which was useful for me maintaining clarity of the conceptual framing of the

early analysis. During later analyses, I reviewed my findings with two colleagues also interested in teacher agency

to ensure that my findings, and not my biases, supported my claims. This study (#20‐9832H) was approved by my

institutional ethics review board.

4 | FINDINGS

This study was conducted with the intention of identifying how the participants initiated and sustained a successful

(deep, sustained, spreading beyond their school, and that allowed various stakeholders to take ownership) reform

effort. Grounded in a teacher agency theoretical framework, my analysis assumed that teachers who seek reform

and achieve agency are motivated by both causes to change their situation and the capacity to control how they

solve perceived problems. The two teachers in this study, Tom and Scott, identified the need to overcome obstacles

situated in their environmental context—their perceptions of their colleagues’ and school's expectations of what

and how they teach. They were driven to seek change because of (a) their dissatisfaction and (b) their adherence to

their belief that they were student advocates. Their capacity to resolve these problems was driven by their

(a) willingness to take risks, (b) support from their mentors, (c) their entrepreneurial approach, and (d) connections

to the community.
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4.1 | Causes for seeking change

4.1.1 | Dissatisfaction

Tom's and Scott's specific dissatisfaction related to (a) funding, (b) concerns about liability and safety, (c) colleagues’

attitudes about change, and (d) administrators concerns about assessment. In turn, they felt obliged to justify the

return on investment of their curriculum (integrating disciplines in a service‐learning project) and pedagogical

principles (empowering students). Scott explained,

There was no support. It became harder and harder. I became more and more disenchanted with teaching. I

mean support from colleagues, from administrators was definitely lacking. As soon as I was identified as

someone who they could put students into my class because I was welcoming, my [Individualized Education

Plan] folders doubled in size. … there was never any help. We were teaching Automotive in a facility built in

the 1960s yet it was the 21st century. …we needed money. We needed a lot of money.

Scott further explained that he and Tom knew they had to convince some naysayers, including their “safety and

risk management person in the district.” Both teachers knew that the integrated curriculum would be criticized if it

did not demonstrate increased growth on state tests. Scott lamented that he was asked, “how does your program

help improve math scores, writing scores, reading scores?” Tom explained how he and Scott responded,

If you look at our [state] scores, our scores district wide, our geometry, all the geometries, not just the

geometry we do out there [pointing towards house in school ground], beat the socks off the other schools. I

believe that deep down, we make changes that fostered that!

In fact, the teachers, with the help of a graduate student from a nearby university, were able to document the

measurable gains on the state standardized assessment. Of the overall math scores on the state assessments,

students in the integrated STEM course scored a mean of 613.8, compared to regular geometry students whose

mean score was 580.6 (Paguyo, 2010).

Obstacles (e.g., financial and collegial support) are not unique to this case study. Therefore, digging deeper into

Tom's and Scott's explanations about overcoming barriers, it was clear that the beliefs that justified their choices to

create, implement, champion, and disseminate their integrated curriculum explained why their reform has been

successful. Yet, beliefs alone are insufficient to promote change. Many teachers may exhibit beliefs about teaching

and learning but do not necessarily act on them

Tom and Scott are reflective individuals and regularly spoke about their past and how interactions with

colleagues and mentors shaped their professional satisfaction (or not). They both achieved agency by enacting

changes when they felt their professional security was threatened (Scott) or that their pedagogical principles

(e.g., teaching the whole child) were threatened (Tom). Both teachers demonstrated psychological resilience over

the years, while they remained in the profession, by continuing to work and remain confident in the face of

uncertainty or turbulence (Luthans, Volgegesang, & Lester, 2006; Luthans, Youssef, & Avolio, 2007). Once

they recognized their professional dissatisfaction, both teachers felt that it was necessary for them to be

professionally risk‐taking to resolve their dissatisfaction. They felt that they could not be complacent when

they perceived problems at their school, such as their administration's focus on state assessments. “More than

simulations, we strive for student mastery and narrowing of the achievement gap,” they wrote in a conference

workshop program.

Both Tom and Scott were dissatisfied with administrative choices of their respective departments. Scott was

concerned about the lack of credibility the IT department had with the school district administrators, who

threatened to drop their full‐time employee hours (FTE). The administrators were not convinced that IT courses
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could help students raise their state assessment scores and were primarily concerned about measurable learning

gains. Scott wanted to fight not only for his job but for his professional discipline:

I saw all of my friends from my major either be [reduced in force] or had their whole program pulled out

from underneath them because it was not making sense in a high‐stakes testing arena because it couldn't be

tied to any type of data. I was even pressured from my administration, ‘How does your program help

improve math scores, writing scores, reading scores?’ The only thing I could say was, ‘yeah, we teach reading

and writing and yeah, I teach math.’ I had this feeling, kinda, as I watched what was happening around the

country and to my friends and colleagues, and I thought, if I care about this, if I value this, unless I do

something personally, this will become a thing of the past.

Scott sought professional opinions from his district colleagues. Where he thought he would receive support,

Scott discovered apathy. His colleagues were convinced that their jobs were stable, but Scott tried to convince

them that “once a teacher retired, those positions would be cut. Those FTEs would be transferred to other

departments such as International Baccalaureate, to math, to English to some extent, and to special education. It

was somehow absorbed somehow.” He did find that the CTE director in the district was ready for change, however,

and recognized that the IT program was “the red‐headed stepchild of the district.”

Tom also expressed dissatisfaction with his professional situation. Although he did not have to advocate for his

department or his job, he felt that he had to advocate for the needs of his students and the importance of reflective

teaching strategies. Tom believed that his department was only concerned about their performance: “[teachers]

looked at the math scores [on National Assessment and Educational Progress] over the last 30 years and found that

the growth line was flat. Even though we had increased math credit over all of those years, the success of students

had stayed the same.”

Although Tom felt administrators wanted to work with teachers to address the issue of student achievement,

he felt constrained by their micromanaging style and their lack of discussion of “low‐performing” students. “[Tom's

principal] was very seldom [in the classroom] and that spoke volumes to me because the value went from teaching

to administrative.” Tom was also frustrated with his colleagues, although he felt they had good intentions. He lost

patience with the other math teachers’ hesitancy to change the curricula, even when they acknowledged issues

with plateaued test scores: “I'm hopefully hired to make decisions that are in the best interest of the kids, and I've

just taken that liberty throughout my whole career. And I traced it back to that first year.” Across his career, Tom

was able to able to reflect on his level of agency as someone who sees students as more than recipients of

curriculum and indicating he knew the causes for wanting to change. He shared,

I'm sure that I only reach a really small percentage of those that are on the fringes, the kids who have the

D's, if you want to characterize them by grades. [I told them] ‘I don't value you because of your grade. I

value you because you are just a great person.’

4.1.2 | Advocating for students

Both Tom and Scott believe that teachers should recognize that students have strengths in different content areas

and skills, come to school with different funds of knowledge, and learn differently from one another. Tom and

Scott's whole individual teaching philosophy shaped their perception of themselves as advocates for students. They

felt adamantly that their responsibility was to set high, achievable standards for all students, even if that meant

working one‐on‐one with some individuals to keep them focused or to identify resources to help them succeed.

Scott defended the STEM course, “I knew it was good for all kids, not just those [verbal emphasis] kids,” referring to
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the typical students enrolled in IT courses. Scott continued, “Tom knew that we could go after all kids, not just some

kids[verbal emphasis], whereas a lot of other people always go after just a select group of kids.”

Scott was identified by the administrators as being inclusive of students with diverse learning needs:

So, my situation at that point was that there was never any help… It was really difficult. Some of the kids

were not identified as special ed., but they were definitely under‐achieving kids all around. Some of them

had social problems because of [socioeconomic status issues]; some of them just didn't care.

Scott explained that students learn in different ways, and he and Tom wanted to meet all students’ needs:

What we found is that there are traditional book learner type of students who do great in school. …

Whereas for some of our other students, who may not get it in the classroom for math, when they go to the

job site, they are absolute fliers. … But what we try to foster is an environment where those two types of

students work … They build this appreciation, an appreciation that there is more than one way and not the

right way…we break down stereotypes and cliques that happen in the building.

Likewise, Tom spoke about his students not just as math students. “Yes, my subject matter is important. Bottom

line is if they fail math, they can still be a wonderful citizen, a wonderful person.” Tom talked about the importance

of relationship building, particularly with those who are not traditionally high achievers. One particular interaction

with a struggling student led Tom to view how math is taught in a different light:

I can go back and look at a very specific kid and I can remember asking him to find the volume of a prism, of

a box, and he just looked at me blank. I knew his background and knew his family a little bit; they were out

of construction, and I also knew they dug foundations. So, I asked him what if we needed to dig out a

foundation for a basement and it was just like that [clicks fingers]. It got me thinking and pondering, ‘who's

the only people who speak math? Math teachers!’

4.2 | Capacity for enacting change

4.2.1 | Risk‐taking

Both Tom and Scott described their willingness to try new things, to be reflective, and to not get discouraged if

something did not work as they anticipated. They both used the term risk to describe what they believe is a valuable

asset in teaching, and both expressed frustration with those who were not proactive. The characteristic of

risk‐taking ensured their collective capacity for achieving agency. Scott explained,

Number one, not wanting to take a risk, period, like in any way. I mean it's like why change it and there's

this sense that I get from a number of people that ‘it's done this way for a thousand of years or for hundreds

of years, why do we need to change it?’…how hypocritical is that of us as teachers? I mean we ask students

all the time to change and learn and grow, yet we're not willing to do it ourselves?

Tom concurred and he discussed the benefits of embracing change and risk‐taking:

There is a tremendous amount of ownership, and I know that as I change things, if I look back on my career

at different times and tweaked this. Even little things, I am not talking massive changes, little changes, you
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know, bring in an activity and see if it works and what doesn't. I know that either it does, if it's a success,

yah! I get the glory. If it blows up, I'm the responsible one. I better make sure I have some reasonable

assurances that it's going to be successful, but I don't have to have all of the answers up front.

In a discussion about crossing barriers, Tom described the school principal, who was the last person they

brought on board with their reform ideas. This was due to the fact that

He was not a risk taker. I don't know how else to say it. He had been in education I think for 38 or 39 years.

The principal said this is how things are going to run and there was a committee to go through and there

was an order in which things happened and until that order was met, thank you very much.

Tom and Scott realized that, unlike others around them, they valued risk‐taking. It allowed them to see what

worked and what did not, so they could constantly fine‐tune their teaching and assessment strategies. In addition,

Tom and Scott needed to earn approval from the district risk management administrator, whose job was to

minimize risky ventures. “They are very much not risk takers. They are the ones that if you, in my opinion, if the

book went away, they wouldn't know how to teach tomorrow. That's…I've never had that value in a book,” Tom

explained. A university STEM center administrator explained that school districts are cautious and less risk‐taking
when it comes to courses that are tied to high‐stakes assessments (Schwartz, 2019).

4.3 | Mentors

Besides being risk takers, Tom's and Scott's capacity for change (and achieving agency) was supported by their

mentors. They consistently acknowledged their mentors, who advocated and supported them. Their mentors

played roles in different points in their respective professional careers, but both helped shape Tom's and Scott's

philosophies and beliefs about teaching and initiating change. Their respective mentors were administrators, who

shared their beliefs about teaching the whole child (and going beyond their academic achievement) and advocating

for students.

Both teachers described their mentors not only as being reassuring, but also encouraging of risk‐taking and

innovative behaviors. For Tom, his mentor was a principal who hired him early in his career. “…I think he had faith

and confidence in us…we said, ‘let's design a curriculum that fits our needs at that time.’ He says, ‘what do you

need?’ …He fostered that risk‐taking.” It was important to Tom to see his mentor regularly. “By the way, every

meeting, every class, that we were required to be at he was there. So, he put his money and his time where it was

valued. So, he was there.”

Scott's mentor was a district CTE teacher, who organized professional development meetings for the various

CTE teachers in the district. Scott's mentor fueled his motivation to change the system, and he still acknowledges

the guidance he received:

We looked into [grant writing] …the CTE director was instrumental in that, not that he had a lot experience

in that because he didn't. He kind of said we are going to do this together….he has been instrumental in

really kind of getting the ball rolling…in some ways, he saved my career, so I have to recognize him.

As this study illustrated, although neither Tom nor Scott identified one another as mentors, this is the role they

each played for one another. Once they discovered their overlapping beliefs, they drew on their separate strengths

and capacities to enact change. Furthermore, Tom and Scott have become mentors to their own students. In a

recent newspaper article, a student who participated all through high school discovered that her confidence and

abilities in math increased progressively. She is now a leader within the student CTE organization and is working
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closely with community members to identify and help those affected by recent devastating floods (Rentsch, 2018).

Another former student explained that he was an underperforming student (that he attributed to learning

disabilities) until he discovered Tom and Scott's course. With renewed confidence and competencies, he earned an

engineering degree and teaching license (Moore, 2019).

4.3.1 | Being entrepreneurial

Scott's students, according to him, were often those who were not college‐bound and were more interested in

careers in the trades. Some were disengaged in their academic classes, so he needed to engage his students

in schooling through other means. He explained that, “In my automotive classes, students were more interested in

talking about cars instead of learning about and working on cars.” The teachers explained that students did not

always demonstrate necessary reading skills to make sense of technical manuals. Instead, Scott drew on CTE

curricula, which integrated business skills with practical engineering skills. Scott challenged his students to reframe

how they perceived his class, as he explained:

Within the first 4 weeks, I told the kids that I am going to work with you right now to make the class as fun

as possible, but things are going to change over the course of the year to where we start working on a

common goal and a common idea of how this program should look like and how we are going to do it.

Working collaboratively with his students in a democratic environment, Scott and his students changed the IT

program together. They drafted plans, discussed strategies, and coconstructed the curriculum. Consequently, the

students enrolled in IT were empowered to follow their teacher in enacting change and advocating for their own

needs. They even made their own shirts with the class name because, as Scott explained, “it gets kids’ buy in, like a

sports team.” He further explained,

We cleaned up, we got rid of old junk, and then we really started analyzing possibilities. From that point, I

asked the kids what they wanted to do with their lives. Some of them actually said that they wanted to

open their own automotive businesses. So, I thought let's actually train the kids to do oil changes, tire

rotations, and we can run it as a fund‐raiser during class. The kids had to make a business model, and they

actually had to make brochures… The people around the community, we had a lot of elderly who lived

around the community, and we had a lot of teachers who would say, 'could you service my car during third

period?' That's just how we ran things. And that really changed the minds of some of the kids because they

knew I was serious when I said there are going to be some changes.”

Likewise, Tom felt deeply about his role as advocate of students and letting them know that he understood that

they had interests outside of academics. Tom described a mixture of getting to know students and helping fuel their

own motivation. “I see myself as…uh, I can say it in a nice way, a catalyst.” Tom spent much time discussing how to

value and help students who were not high achievers in school. “I just don't want to give up on them and I've given

up on so many, I know that. So, I'm not going to…it's just…let's leave it there.”

Independent of one another, Tom and Scott described their role as empowering their students. “I think one of

the things we stress with our kids is that you control your own destiny, that you can achieve greatness as long as

you're willing to work hard,” Scott explained. It was the drive to champion students and make them feel proud of

their accomplishments that motivated Tom to reform the curriculum, exemplified by this vignette he shared,

I see the impact in the community at the end‐of‐the‐year banquet. We bring in 400 people to an academic

banquet. …one girl from Year 1, she had 12 cousins there [laughter]. She was a senior. She wasn't going to
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graduate. She didn't pass this class. First‐generation kid. She, as far as I know, had never been recognized

for anything in school, but she had ownership in that house! Not in math, that's the key. She had ownership

in that house. The house was a tool of math. …It is their house. They want to showcase it to their families

and the organization that receives it for homeless housing.

Tom and Scott also shared two student comments from their early years of teaching in that they include in

their teacher PD workshops. A 2007 student exclaimed that “this class got me to graduate!” and a 2008 graduate,

explained that this was “not an ordinary class, but more like a family.” Tom and Scott helped their students

take charge of their studies and take ownership of the integrated class by engaging them in an entrepreneurial

challenge. Scott explained that “we needed a lot more funding because running a program can be very expensive.

Our administration was like, ‘okay, you do that.’ But there was never really any support.” This response from

administrators encouraged the teachers to create a self‐sustaining program, which they did by leveraging the needs

and interests of surrounding communities. On their website, Tom and Scott explain that teachers who intend to

adopt (and adapt) the integrated STEM curriculum “must view their classroom as a business and be comfortable in

producing a product that is to be sold.”Moreover, they state that teacher pairs “must respect each other's class and

the need for [change].” Yet, the team needs “to feel as if the team is more than just the two of them.”

With resourceful, entrepreneurial approaches, the integrated STEM house building curriculum pays for itself.

The costs of the materials are recovered after houses are auctioned to nonprofit or civic organizations. This model

of self‐sufficiency has been adopted by other schools that have implemented this curriculum, evidenced by the

description of the program in a northern Texas district:

The homes do not stay on campus after they are completed. They are auctioned off, and the money is used

for materials to build another home. And, believe it or not, there is actually a demand for such small houses.

In some cases, the structures have fetched up to $25,000 (Jamison, 2018).

4.4 | Leveraging support from the community

Although Tom and Scott perceived their students as part of their academic community, they sought to find a broad

array advocates and supporters through their separate contacts early in their reform planning. They engaged

different stakeholder groups (lead CTE teacher in the district, parents, community members, and industry). By

creating an advisory board early in the reform process, they solicited the input of their supporters from the

beginning. Unlike the findings of Claus (1999), parents at Tom and Scott's school were vocal with administrators

and other teachers about the value of the course to their children's content knowledge and sense of pride. As a

result, parents (of both college‐bound and noncollege‐bound students) were and are proponents. For example, in a

PowerPoint presentation that Tom and Scott put together to share at district and professional meetings, they

included several parent quotes in a slide entitled “community relationships.” These included the following: “high

school was not a good time for me in my life, but this experience was good for me and my son” (parent) and

“programs like this are how I want to see my taxes spent!” (community member). Even students understood the

importance of community. A graduating student told a reporter from a nearby city that “A big reason I stuck with

this program is really because of the community aspect. I actually got to be a part of the community and feel like, as

a high schooler, I was making an impact.” (Meckles, 2018).

This support fueled Tom and Scott's efforts and increased their capacity to continue to refine their integrated

curriculum over the past decade to meet even more students’ needs (mathematic, construction skills, engagement

in school, goals to graduate high school and pursue more school or employment), which they explicitly tell

community members, who want to learn more (Miller, 2016). Their PD workshop materials for other educators
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explicitly state the first and foremost goal of the program is to “present a program that works to strengthen

education for ALL kids,” as they write throughout their online blog. Tom and Scott also work diligently to promote

the service‐learning component of their curriculum, exemplified by working with local nonprofit organizations and

industries. This year, a well‐known national company (Andersen Windows) donated materials to the course taught

at another school by teachers who attended Tom and Scott's PD workshops (Rios, 2019). Tom and Scott continue

to receive grants from local organizations and companies that support local initiatives aimed at increasing STEM

competencies (e.g., https://www.ottercares.org/geometry-in-construction/). As Tom and Scott modeled in their

school, teachers who have implemented the integrated STEM curriculum also work with different nonprofit

organizations to find affordable housing for families with limited income (City of Evanston, 2019; Schwartz, 2019)

or for their homeless population (Taketa, 2017). A teacher in another part of the state who adopted this curriculum

was described by a reporter of a local paper of having to be creative in finding support from the community: The

teacher “said the community has been instrumental in the program. Having started with ‘pretty much nothing,’ the

class has received donations of materials and funds to purchase tools. Also, The Home Depot and area home

builders and contractors donated safety gear including hard hats and eyewear” (Farrell, 2020). Hence, drawing on

community support, Tom and Scott increased their capacity to implement curricular reforms because resources,

financial costs, and demand for the final product were no longer barriers.

5 | DISCUSSION

In spite of many educational reform programs that expect teachers to change, the “paradox of change without

difference” persists (Woodbury & Gess‐Newsome, 2002). In other words, top‐down reform efforts are implemented,

but the change is not deep or sustained, nor is it widely adopted with a shift in ownership (Coburn, 2003). In part, this

can be explained by the omission of meaningful inclusion of the role of teachers, their beliefs, and their intention to

change in the development and implementation of curricular changes (Priestley et al., 2013). Scholars have described

several issues that support successful reform, including identification of contextual barriers; inclusion of teachers’

beliefs about teaching and curriculum; and recognition of the role that teacher dissatisfaction plays in the reform

process (Southerland et al., 2011; van Driel et al., 2001; Wenner & Campbell, 2017; Wilson, 2013). Coburn (2003),

however, proposed that for reform to be successful, four conditions (depth, sustainability, spread, and ownership)

must be met. Using Coburn's definition of successful reform begs the question then of what conditions enable

teachers to initiate successful reform endeavors that are sustainable.

In this study, using teacher agency as a grounding framework, I identified the conditions that enabled the efforts of

two teachers to be successful and sustained (and still spreading). Furthermore, studying teacher agency by analyzing

(a) environmental contexts, (b) changes across time and space, and (c) causes and capacity for change (Priestley

et al., 2012) helped explain why this reform effort meets Coburn's conditions for successful reform. The participants

described two causes that drove them to seek change (dissatisfaction with their current curricula and their belief that

teachers should be student advocates). In addition, I identified four explanations that helped the participants develop

capacity for enacting change (willingness to take risks, support from mentors, their entrepreneurial approach to

funding their curricular changes, and the ability to leverage community support of the reform). Achieving agency for

seeking curricular reform, therefore, allowed Tom and Scott to find solutions to not only their perceived problems, but

to share their story and resources with teachers across schools around the United States.

5.1 | Depth of reform

For educational reform to be successful, there must be meaningful changes to teachers’ beliefs, norms of inter-

actions, and pedagogical principles (Coburn, 2003). In Tom and Scott's case, they initiated reform efforts by
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identifying barriers that were not in alignment with their beliefs about their roles as teachers, and which they

believed sparked discontentment. Beliefs about teaching and learning alone, though, do not always predict changes

in instructional practices (Furtak, 2012; Graves, Hughes, & Balgopal, 2016). Tom and Scott's response was to create

an integrated STEM course by reconsidering what pedagogical values were important to them, including interac-

tions across disciplines and with their own students.

Their beliefs about reform and risk‐taking was supported by their mentors (within their professional

environments) allowing them to achieve agency. Tom and Scott demonstrated agency through their ability to be

reflective, persistent, opportunistic, and risk‐taking. Priestley et al. (2012) described two STEM teachers who

demonstrated ecological (contextual) agency through curriculum development by taking different levels of risk.

Although one teacher stated that he was not a risk taker, and the other did not question what risks she was taking,

when they challenged the curriculum and assessment materials handed to them from lead teachers, both reflected

on their past professional experiences and felt compelled to meet the needs of all students (Priestley et al., 2012).

If teachers feel that they have the capacity to respond to professional disturbances (e.g., decreasing department

size or devaluing of students who are low‐achieving), they can then either work to transform the system or cope

with the changes, demonstrating different adaptive capacities (Gibson, 2004; Wright, Balgopal, Weinberg, & Sample

McMeeking, 2019).

5.2 | Sustainability of reform

Tom and Scott, along with their students, collaborated with local community groups to ensure that there was a

community need for student‐built houses. They work with local nonprofit organizations (and encourage other

school adopters) to identify a family in need of a tiny house. Sometimes these are first‐time home owners, and other

times they are families whose house was lost in a natural disaster, rendering them temporarily homeless. Teachers

often return to communities where they were educated (Boyd, Lankford, Loeb, & Wyckoff, 2005). Connecting with

the community (within the school, the school district, and the city where the student live) can help teachers

increase their feelings of connectedness and resilience (Goodpaster, Adedokun, & Weaver, 2012; Wright

et al., 2019). Tom and Scott were encouraged to follow through with their reform vision, in part, because of the

community support they fostered, demonstrated by the end‐of‐the‐year banquet and donations from local charities

and multiple news stories across the country about their program.

Tom and Scott not only worked with their colleagues, school administrators, and local businesses, they worked

with their students. They agreed that if the interdisciplinary model did not help students learn or feel empowered,

they would revise their strategy. Because of this, their students cocreated the curriculum with them early on,

following the business model that Scott developed with his students. Being willing to try new approaches and being

risk‐taking is associated with high self‐efficacy and agency (Luthans, Vogelgesang, & Lester, 2006; Priestley

et al., 2012). Although some reform efforts (e.g., Belfiore, Auld, & Lee, 2005; Stipek et al., 1998) encourage teachers

to teach their students to be risk takers, this is less commonly integrated into suggested instructional practices of

teachers (Putnam & Borko, 2000). Yet, because teacher beliefs about teaching drive the success of sustained

changes in the classroom, it is conceivable that, at times, teachers need environments in which they are allowed,

and supported, to try new strategies, to be risk takers (Palmer, 2012).

5.3 | Spread of reform

Spread of reform occurs when multiple stakeholders modify their norms, beliefs, and principles about the value of

change (Coburn, 2003). Students observe how their teachers make connections between theoretical academic

concepts and the real world, and as such, teachers can influence their students’ interests in pursuing STEM careers
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(Fouad, Smith, & Zao, 2002; Maltese & Tai, 2011; Sjaastad, 2012). Tom and Scott modeled for their students how to

work together, within the school context, and with outside community members (such as surveying local residents

about their thoughts about tiny houses). They taught in a modular classroom that was next to an outdoor classroom

space for building activities. Their school used a block period schedule, so they were able to arrange to have their

classes taught one after another. Because mathematics was a required core subject, students knew they could

enroll in the elective (IT), if the counselors helped them get into Tom's math section. In sum, Tom and Scott knew

their school environment and stakeholders and, as a result, were able to leverage their professional and social

communities to promote their reform.

The Geometry in Construction course has become popular at Tom and Scott's former high school, accounting

for approximately half of the total enrollment in geometry at the school, and the impact of Tom and Scott's reform

efforts have encouraged new curricula being designed and adopted. In part due to the success of the integrated

construction curriculum and the respect it earned in the school district, the school board and community funded

another similar interdisciplinary, contextualized STEM course called “AMPED on Algebra,” which combines Algebra,

Manufacturing Processes, Entrepreneurship, and Design.” Like the Geometry in Construction program, students are

scheduled in two back‐to‐back periods. Each class is team‐taught where both teachers are in the classroom with all

of the students. In both of these integrated programs, students and teachers set high standards for their rigorous

curriculum and themselves, demonstrating ownership by the school, the teachers, and the students. Not only has

the integrated STEM approach spread nationally, it is spreading within the school among other teachers.

When teachers have shared meaning and values, reform efforts can be successful. Larkin, Seyforth, and Lasky

(2009) examined the longitudinal reform practices and the resulting culture of change that allowed teachers in a

high school science department to develop and implement an inquiry‐based science curriculum that was not bound

by textbooks or prescribed content. Even if curriculum reform is top‐down, Larkin et al. (2009) found that teachers

needed to feel they have autonomy to revise and modify materials for their learning objectives and their student

needs. Notably, of the 425 schools across the country that have replicated Geometry in Construction to varying

degrees, teachers indicate that they appreciate the opportunity to tailor the curriculum to make it relevant to their

local students’ needs. The spread of the curriculum across schools and districts is likely associated with the

opportunities for teachers to take ownership of the curriculum (Coburn, 2003).

Not all teacher‐initiated reforms find support, however. Claus (1999) described that a major challenge to

teachers enacting reform is community building and advocacy. Claus conducted a case analysis of a group of high

school science teachers and their efforts in creating a more constructivist and multiculturally sensitive science

curriculum as a means to engage more students. The proposed change involved blending different levels of science

sections with one another to increase equity and relevance. Unexpectedly, the teachers discovered that parents

(primarily White, college‐educated, and middle class) were vehemently opposed to the reform because they felt

that the changes would reduce the quality of education for their children. In particular, they were disgruntled about

not being informed earlier about the changes (Claus, 1999). Therefore, having community support can impact the

successful of a reform effort, but without shared norms and ideas about the value of the reform, the changes are

less likely to spread.

5.4 | Ownership of reform

When teachers shift their identities from implementors to designers of reform, they take ownership of the reform

practices (Coburn, 2003). In the case of Tom and Scott, this shift was facilitated by their supportive mentors, who

increased their capacity for change, as well as their entrepreneurial approach. Just as Tom and Scott mentored

their students and found programmatic support in the community, their own mentors played critical roles in

encouraging them to be creative, innovative, and persistent. Both mentors provided positive reinforcement of Tom

and Scott's beliefs about student learning, enabling them to change their practice using shared tools and practices
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(Thompson, Hagenah, Lohwasser, & Laxton, 2015). Thompson et al. (2015) described that challenges of

mentors–mentees in secondary science classrooms when addressing goals around student learning relies heavily on

shared language, such as “problems without ceilings,” those without clearly defined end points. However, because

Tom and Scott recognized their risk‐taking attitudes to advocate for their students, they were comfortable tackling

these seemingly nebulous problems.

Mentors may be able to help their mentees identify and leverage their strengths, although Tauer (1998)

found that not all novice teachers recognized or gave credit to their mentors for doing that. Types and quality of

mentoring programs (formal or informal, how they are assigned, group mentoring, etc.) likely differ across school

districts. Furthermore, Russell and Russell (2011) found that even mentors need guidance on how to be good

mentors. Sometimes, teachers are able to initiate their own solution to problems, but the school community must

value their intellectual contributions and welcome teacher‐initiated reform efforts intended to help students

(Giroux, 1985). Tom and Scott found supportive mentors, who encouraged them to work towards their

instructional goals (achieving professional agency). Their agency was demonstrated by their ability to cope with

organizational stress, knowing how to overcome such barriers, and the motivation to do so, ultimately helping

them take ownership of their reform and find creative and entrepreneurial ways to spread their program

(Richardson, 2002).

van Dam, Schipper, and Runhaar (2010) found that entrepreneurial behavior (defined as identifying

opportunities, taking initiative, and being risk taking) was important for teachers of technical and vocational

subjects. Of the six entrepreneurial competencies van Dam et al. (2010) identified (entrepreneurial knowledge,

career adaptability, occupational self‐efficacy, creative thinking networking skills, and teamwork skills), Tom and

Scott arguably demonstrated all of these, allowing them to draw on their agency to resolve curricular

discontentment. Moreover, supporting teachers in developing their entrepreneurial competencies requires a

collaborative and safe environment in which teachers can identify not only technical skills they want to develop but

values needed to be risk‐taking, opportunistic, and creative (Peltonen, 2015). In such environments, teacher‐driven
reform can be successful.

5.5 | Limitations

This study drew on a plethora of data, ranging from formal and informal interviews with the two teachers,

curricular and professional development materials that the teachers designed, the teachers’ blogs, evaluation

reports of curricular innovations, and news stories (television and newspaper) from across the country. However, a

limitation of this study is that I did not interview or observe schools across the country that have adopted

(and potentially adapted) the integrated STEM curriculum. Because my goals were to better understand how

teacher agency allowed Tom and Scott to design and sustain a successful program, my primary focus was on what

attributes explicated the teachers’ agency, rather than focusing on the curricular spread (evidenced by multiple

online sources presented throughout the paper). Second, as with any qualitative study, my own research biases and

dispositions limit how I have interpreted the data, justifying why I presented, earlier in the paper, my background

and history in getting to know the teachers.

6 | IMPLICATIONS

In spite of this success story, there are relatively few published studies of teacher‐initiated STEM reforms

compared to first order, top‐down reform studies. This may because teachers do not have the personal

adaptive capacity necessary to overcome barriers needed to be resilient (Richardson, 2002) or because when

they do initiate reform, it is dismissed. Giroux (1985) claimed that until teachers are viewed as intelligent,
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capable professionals, their successes will not be highlighted. He argued that when teachers are treated as

clerks of policy and bureaucracy (implementing curricula that others have developed) and whose abilities as

reflective practitioners are ignored, schools are less efficient and less capable of graduating students who are

civically engaged.

Teacher PD must first account for teachers’ beliefs and their own capacity for change, so they can feel

resilient through increased self‐efficacy and agency (Gibson, 2004; Wright et al., 2019). Moreover, to promote

teacher agency, teacher educators must explicitly and collectively identify the complexity of environmental

(cultural and structural) factors that shape teachers’ professional environments (Coburn, 2003). Although being a

risk taker and having mentors early in one's career were important for the two participants in this study, these

alone are not likely enough to predict teachers’ successes as reformers. Mentors see the potential in teachers as

change agents (Hutchison, 2012). Without support early and throughout one's teaching career, teachers may not

be able to find like‐minded peers with whom they can design and implement changes. Mentors encourage

teachers who not only have creative visions for increasing student achievement but have the risk‐taking
dispositions and tenacity to see change through fruition. Mentors can work with teachers to identify the source

and potential resolution to their discontentment, helping them reflect on past experiences (Emirbayer &

Mische, 1998; Southerland et al., 2011). They can also help teachers identify whether they feel like they belong in

school or local communities (Goodpaster et al., 2012; Skaalvik & Skaalvik, 2011). The current study demonstrated

how peer mentors, as Tom and Scott were to one another, can provide a powerful support system. Therefore,

teacher educators should encourage teachers, who feel dissatisfied, to find peers with whom they can partner to

propose realistic changes, those which generate data to convince other peers, administrators, and other stake-

holders. Teacher educators should help teachers determine what types of empirical data can help them evaluate

their own efforts and convince other stakeholders of the value of innovations. This can be accomplished by

seeking input from veteran teachers who have had success implementing reforms at varying scales or teacher

educators who have overseen reform efforts.

To achieve agency teachers must be reflective, identifying their own sources of frustration (dissatisfaction)

across time as well as identifying potential solutions to alleviate such frustrations. Tom and Scott did not ask their

administrators to solve their curricular frustrations; rather, they sought to resolve these issues themselves. They

found support in one another, and as they worked to increase their support network, they drew on their own

entrepreneurial attitude (which combined risk‐taking and innovation) to address curricular needs. Teacher edu-

cators, therefore, should consider designing programs that allow teachers to identify their competencies and values

associated with being reform agents, if they choose such roles. This involves helping teachers consider both the

causes and their capacity for achieving agency as they embark on reform (Priestley et al., 2012). It behooves

teacher educators to also encourage both novice and veteran teachers to identify what dissatisfactions they have

(causes) and what resources they need (capacity) to resolve these. The model of promoting teacher en-

trepreneurship deserves further exploration, as this may help teacher educators explicitly consider competencies

that enable teachers to overcome perceived curricular discontentment (Peltonen, 2015; van Dam et al., 2010).

The capacity to realize curricular reform, however, may be dictated by school district support and community

connections. School administrators may question risk‐taking, entrepreneurial efforts, if they are concerned about

adherence to academic standards and state assessments.
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APPENDIX: INTERVIEW QUESTIONS

The teacher centered systemic reform (TCSR) model was used to help develop this interview protocol. The TCSR

model is organized around structural (school context) and personal (teacher context) factors, which collectively

influence teacher beliefs about learning/teaching, which is assumed to influence teacher practices.

1. Describe your educational background. (teacher context)

2. Describe your teaching background. (teacher context)

3. What was the motivation for developing this course? (teacher beliefs)

4. How did you go about developing the curriculum for this course? (teacher practices)

5. What were the hurdles you encountered in the process of developing this course (initially and currently)?

(teacher and structural contexts)

6. Describe any barriers you had to overcome in teaching this course that you did not anticipate initially and

currently. (teacher and structural contexts)

7. How would you describe how this course has impacted student learning (initially and currently)? (teacher

beliefs)

8. How would you describe how the course impacted your colleagues (initially and currently)? (teacher beliefs

and structural contexts)

9. What was parent or community response to this program (initially and currently)? (teacher beliefs and

structural contexts)

10. How have you measured the success of this class? (teacher practices)

11. How did you share the success of this course with colleagues outside of the school? (teacher practices)

12. Explain your motivation for sharing your curriculum design and successes with other schools. (teacher beliefs

and practices)
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