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ABSTRACT
Most elementary students are not given opportunities to make sense of their own observations or
engage meaningfully with science ideas to develop conceptual understanding. Instead, they are
subjected to passive approaches to learning or hands-on activities with little relevance to authen-
tic contexts (Roth, 2014). The 2018 survey of the National Academies of Science, Engineering
and Medicine (NASEM) reports only 31% of elementary teachers surveyed felt very well pre-
pared to teach science in general, and students most likely to be taught by teachers who feel un-

prepared are those in high-poverty schools with historically underrepresented race and ethnicity



groups. One way to address these issues is seen in calls to recruit, prepare and retain teachers
who view their role through a lens of social justice (Kavanagh & Danielson, 2020; Ladson-
Billings, 1995a, 2014; Sleeter, 2001). Culturally relevant pedagogy (CRP) (Ladson-Billings,
1995a) is a framework used by successful teachers of African American students and has since
been applied to a range of subject areas and with additional marginalized communities. Yet,
though the body of literature is growing, elementary science education has received less attention
in CRP research. This critical qualitative study used narrative analysis (Reissman, 2006) to un-
derstand (a) what it means to three elementary teachers to teach science in culturally relevant
ways and (b) how policies and practices restrict their pedagogies. An analytical framework con-
sisting of CRP and Clandinin & Connelly’s (2000) Three-Dimensional Narrative Space yielded
insights related to teaching in the wake of the Covid-19 pandemic, team teaching practices, ad-

ministrative support, and the chilling effects of classroom censorship legislation.
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1 THE PROBLEM

In this study, | examined elementary teachers’ experiences teaching culturally relevant
science in the elementary classroom. The knowledge produced from this study provides insights
that can inform elementary teacher preparation programs, education policy, and future research.
This research employed a narrative approach within a qualitative design to illustrate the experi-
ences the teachers had in their schools and classrooms. Participants in this study included three
educators who were purposefully selected with a criterion sampling technique (Miles & Huber-
man, 1994). This chapter includes an overview of the context and background, followed by the
problem statement, statement of purpose research questions, theoretical framework, research de-
sign overview, significance of the study, dissertation outline, and finally definitions of terms
used throughout the study.
Background

One of the central issues in science education is the persistence of inequities across the
lines of race, class, gender, language, sexuality, and intersecting identities. Science education re-
formists in the United States have included equitable outcomes for all students and a focus on re-
sponding to the needs of the time as far back as the classical studies versus science education de-
bates of the nineteenth century (DeBoer, 1991). As policy and planning sectors advocated for in-
cluding science in the K-12 curriculum, standards-based reforms reflect attempts to secure its
place (Barton, 2002). It has been especially challenging in elementary schools where instruc-
tional time, professional development, and testing accountability policies create hindrances for
teachers (Plumley, 2018). Au (2011) traced the dominance of standardization and scripted curric-

ulum to the early 1900s. In 2011, A Framework for K-12 Science Education was released, the



first step by The National Research Council (NRC) in the creation of the most recent K-12 sci-
ence standards, the Next Generation Science Standards (NGSS) (NRC, 2012).

Adopted or used as a model for standards in 45 states today, “[t]he overarching goal is for
all high school graduates to have sufficient knowledge of science and engineering to engage in
public discussions on science-related issues, be careful consumers of scientific and technical in-
formation, and enter the careers of their choice” (NASEM, 2022). Yet, those who exit high
school and enter science fields remain overwhelmingly white and male (Ferguson & Dunlop,
2019). While case studies on students’ race, ethnicity, ability, economic Status, and gender are
presented in Appendix D of the standards, proffered to support all students; Rodriguez (2015)
explains the Framework and NGSS failed to put forth a roadmap for students to learn about and
engage in authentic science experiences reflecting the diversity of scientific practices. By diver-
sity of practices, | am referring to ways of knowing that are not reflected in a structure com-
monly referred to as The Scientific Method, which dictates five steps to investigating. Rather,
there are countless ways of obtaining and communicating information that reflect group culture,
such as oral traditions. Walls (2016) documents a possible explanation for this failure: In the na-
ture of science (NOS) research studies conducted from 1967-2013; Black, Latino/a, and Native
American participants were only represented in one of the 30 studies that reported race. Race
was only even reported in 3% of the 112 studies. Ethnically, culturally, and linguistically diverse
students are marginalized from science as early as elementary school (Mensah & Jackson, 2018).
This begs the question; how can educators use the NGSS as a tool for engaging students of color

in authentic science practices if the research it is based upon excluded them?



While exceptions to this picture exist, there is a real urgency to rectify the state of science
in elementary schools. If it is taught, science privileges a singular way of knowing via overem-
phasis of the ubiquitous scientific method (Achieve, 2013; NASEM, 2018). Researchers have
long called for science teaching practices inclusive of the diverse ways people conduct and put
science to use (Eisenhart et al., 1996; Roth & Lee, 2004). This includes science as a tool to fight
injustice (Basu et al., 2009). | write this as my TV, social media feed, and daily interactions in-
form me that today’s socio-political climate challenges that aim. As of April 2023, 18 states
banned the teaching of Critical Race Theory (CRT), and only seven states have not attempted a
ban (Critical Race Theory Ban, n.d.).

The Learning Policy Institute, basing ratings on “compensation, teacher turnover, work-
ing conditions, and qualifications” rank Georgia in the least desirable category, lowest of five
categories for teaching attractiveness and teacher equity (Learning Policy Institute, 2018, n.p.).
At the time of writing, a Georgia school board voted 4-3 to terminate a 5" grade teacher for read-
ing a book deemed in violation of GA HB 1084, the “Protect Students First Act”. This law lists
nine concepts featuring race and gender as “divisive” and prohibits them from use in not only
classroom curriculum but also mandatory trainings for teachers. A tribunal hearing resulted in
the recommendation the 5™ grade teacher remain employed, and the school district voted to re-
ject that decision. Curriculum resources and professional development programs that focus on
social justice issues are under scrutiny, especially if a lens of critical race theory is identified in
its materials (i.e., The 1619 Project, Learning for Justice). For critical race scholars (see Morgan,
2022), laws like this are viewed as an infringement on academic freedom and further prevent stu-
dents from developing the critical competence needed to critique scientific enterprises that harm

marginalized communities. Banning critical race theory from professional development materials



has a demonstrated chilling effect on classrooms because curriculum policies at the local level
follow them (Lopez, et al., 2021).

The global COVID-19 pandemic brought the critique of scientific enterprise to the fore
during the “Summer of Racial Reckoning” (Chang et al., 2020) as the Movement for Black Lives
took center stage world-wide. As Avraamidou & Schwartz (2023) put it, “[w]e witness a rise of
anti-science and ‘alternative facts’ movement: Pseudoscience, fake news, conspiracy theories
and hostile fantasies that undermine scientific evidence” (p. 339). Researchers have documented
ways the pandemic exacerbated existing education inequities (Azevedo et al., 2022). Schools,
colleges, and universities across the nation responded to racial unrest with statements in support
of Black lives, denouncing white supremacy and (re)committing to advancing equity. Though
schools are back to in-person learning, the effects of closures continue to impact district- and
school-level decisions. Science, once more, is in jeopardy in the elementary classroom, now un-
der the pretense of pandemic learning loss.

Teachers face pressure to remedy the impact of the pandemic not only as it pertains to
reading and mathematics skills, but also the negative social-emotional effects felt by many after
being in isolation and experiencing a great deal of loss. Robbins and Cipollone (2023) denounce
a response to the pandemic that centers around revenue loss as a result of supposed lost learning
and suggest restorative justice and community engaged teaching as replacements for social emo-
tional learning and testing foci. Ladson-Billings (2021) views post-pandemic teaching as an op-
portunity not to return to normal because “it is the school that exacerbates the educational disad-
vantages” (p. 69). While the media’s attention to a perceived teacher shortage is at an uptick,

Darling-Hammond (2022) states, “Ever since I entered public school teaching in the early 1970s,



the nation has been in a recurring cycle of teacher shortages” (p. 15). While it is possible to spec-
ulate, it is imperative that we hear from teachers to understand their experiences teaching science
in this critical moment.

Problem Statement

Tate (2001) put forth a framing of opportunity-to-learn as a civil right; showing that time,
quality, and technology are instrumental to improving urban science education. Researchers have
identified opportunity gaps; those causes and processes that lead to disproportionate outcomes
related to achievement between groups of students to de-emphasize test results and better address
differences in opportunities (Berry, 2013). Ladson-Billings (2010) lists “expert teachers, person-
alized attention, high-quality curriculum opportunities, good educational materials, and plentiful
information resources” as opportunity gaps in the form of resources that have been denied for
centuries. A possible contribution to the closing of such gaps is seen in calls to recruit, prepare
and retain teachers who view their role through a lens of social justice (Kavanagh & Danielson,
2020; Ladson-Billings, 1995a, 2014; Sleeter, 2001).

Recruitment and training to teach for equity has been a practice of teacher education pro-
grams for some time. However, even when preservice teachers express the viewpoint that their
role is connected to broader social justice issues, they do not always enact the practices aligned
to it in their student teaching placements (Chen & Mensah, 2018) or during their induction years
(Saka et al., 2009; Kavanagh & Danielson, 2020). Further, there are few empirical studies fo-
cused on the actual teaching taking place in classrooms after teaching preparation (Sleeter, 2001)
and this is echoed by more recent findings on social justice science implementation (see Marco-

Bujosa et al., 2020). Though exceptions exist, (i.e., Grimberg & Gummer, 2013; Haverly et al.,



2020), teachers and those who support teachers need more examples that illustrate positive out-
comes for elementary students from marginalized groups.

Without a strong theory-to-practice connection in elementary science education, many
elementary students do not have access to authentic science experiences in school (Braaten,
2019). From taking part in genuine inquiries into the natural world to using science as a tool for
solving problems in their communities, most elementary students are not given opportunities to
make sense of their own observations or truly engage with science ideas to develop conceptual
understanding (Upadhyay et al., 2017). Instead, they are subjected to passive approaches to
learning or hands-on activities with little relevance to authentic contexts (Roth, 2014). Because
science instruction that is taking place still privileges ways of knowing and using science that are
not representative of diverse populations, students of color are inflicted with instruction that fails
to recognize their experiences and cultures. It is an outcome of structural racism held up by a
system of largely uninterrogated whiteness (Dunac & Demir, 2017) and it contributes to an ina-
bility for students with non-dominant identities to see themselves as capable users of science or
potential career scientists (Mensah & Jackson, 2018).

One among several asset-based pedagogies seeking to remedy the culture gaps discussed
above (i.e. culturally responsive, culturally sustaining, emancipatory, historically responsive),
culturally relevant pedagogy (CRP) was introduced as a framework consisting of three dimen-
sions and a set of core beliefs by Gloria Ladson-Billings (1995a) to express what successful
teachers of African American students did and what they believed. Since then, it has been taken
up and expanded by education researchers across disciplines, including though less prevalent
than others, science education. Utilized from the viewpoint that teaching science has social jus-

tice implications, teaching in culturally relevant ways does not come without challenges. As the



review of literature will emphasize; state, district, and school policies and practices impact what
takes place in classrooms; not the teachers alone. While it is possible to surmise, it is imperative
to hear from teachers themselves about their culturally relevant science instruction at this critical
time. That is the purpose of this study.
Statement of Purpose and Research Questions

| concur with DeBoer (2019) who said, “I believe that a major task of science educators
is to document and compare what actually happens in schools with the best thinking about what
should happen there and to resolve the discrepancies that arise out of that study” (n.p.). CRP is a
worthwhile framework from which to understand what is happening in schools for this very pur-
pose. | focus on practices and policies in schools as mechanisms for creating support for or in-
hibiting teachers’ use of CRP in their science instruction. The research questions are as follows:

1. What does it mean for elementary teachers to teach science in culturally relevant ways?
2. How do teachers navigate school practices and policies to teach science in their elemen-

tary classrooms?
Theoretical Framework

Two theories make up the lens for my study: Critical theory (Freire, 1970) and CRP
(Ladson-Billings, 1995a). These work in tandem: Critical theory critiques social order to trans-
form unjust social structures (Freire, 1970). Ladson-Billings’ (1995) CRP was informed by civil
rights work, critical theory, and Black feminist thought. Critical pedagogy, incorporating critical
theory, centers the role of the educator in reproducing inequity and maintains students should
question inequities and injustices to facilitate their own learning. Ladson-Billings’ (1995) CRP
advances critical pedagogy by focusing on collective rather than individual empowerment. Col-

lective empowerment is advanced by naming the conceptions of self and others, social relations,



and knowledge that distinguish successful teachers of African American students from other
teachers. She contends a theory of CRP is needed because “...earlier sociolinguistic explanations
have failed to include the larger social and cultural contexts of students, and the cultural ecol-
ogists have failed to explain student success” (p. 35). There are three characteristics of CRP: aca-
demic excellence, cultural relevance, and sociopolitical or critical consciousness. In the para-
graphs that follow, | present the critical framing of my study, followed by CRP.

Critical Theory

While consensus on cultural critique did not arise from the Frankfurt school, it is fre-
quently discussed as the origin of critical theory with the works of Horkheimer, Adorno, Mar-
cuse; and German philosophers Marx, Kant, Hegel, and Weber, united under notions of challeng-
ing injustice and subjugation. Several critical theories exist with bountiful interpretations and cri-
tiques of each (Kincheloe & McLaren, 2011). As a result, there is no singular, agreed-upon set of
tenets that guide critical theory, thus I include those critical theorists’ works and positions that
shaped my study. My study works from Kincheloe & McLaren’s (2011) definition of critical so-
cial theory as “concerned in particular with issues of power and justice and the ways that the
economy, matters of race, class, and gender, ideologies, discourses, education, religion, and other
social institutions, and cultural dynamics interact to construct a social system” (p. 288) by focus-
ing on culturally relevant science education.

Critical education researcher Peter McLaren’s analysis of capitalism and science educa-
tion resonates with Freire’s (1974) argument that class analysis, in some form, is a requirement
for understanding oppression (Macedo, 2014). He states, “If we conceptually undress the role
science plays in the larger society, we can see how it stabilizes dominant social relations” (Bar-

ton, 2001, p. 848). McLaren proffers key questions to the science education research community,



one of which is: “How is the social practice...of science education organized? (Barton, 2001, p.
848). This question constitutes but one critical angle for understanding how the entanglement of
science and capitalism is reproduced through education. Penaloza et al. (2023) highlight the need
to make power relations explicit in science education, citing historical racial, colonial, and patri-
archal biases and denial of people’s practical knowledge.

Understanding how science stabilizes dominant social relations is an issue of Freire’s
(1970) concept of “conscientization.” Conscientization is “a new awareness of one’s oppressed
state and insight into the suppressive methodologies of the oppressors” (Kaak, 2011, p. 132).
Through praxis, reflecting specifically on suppressive methodologies, one gains a sense of re-
sponsibility and thus acts for social change. Kaak (2011) explains Freire’s philosophy in an ap-
plication of Freirean leadership pedagogy, which “exists within the awareness that the institu-
tional models of leadership are a means to oppressing would-be leaders as well as the cause for
the ongoing oppression of others” (p. 135). In the United States, public institutions of schooling
are organized by hierarchy, each institutional level accountable to the next through policy re-
quirements and institutional practices that shape the culture of the given context.

Freire’s (1968) conception of dialogue, the very essence of learning, requires five condi-
tions: Humility, hope, faith, love, and critical thinking. “True dialogue...helps to foster revolu-
tionary commitment and therefore represents a practical necessity for authentic revolutionary
leaders” (Leach, 1982, p. 190). Education is political; indeed Freire’s (1980) Pedagogy in Pro-
cess was written in letters to Mario Cabra, a Guinea-Bissau educational administrator (Leach,
1982). Freire asserts that education requires revolution, which rests on dialogue and praxis and
results in becoming human. Along those same lines, Ladson-Billings’ (1995) theory of CRP

builds on humanizing pedagogy and challenging deficit-centered teaching and learning.
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Culturally Relevant Pedagogy
Prior to research from a resource pedagogy perspective (i.e. Moll & Gonzalez, 1994;
Gutiérrez et al., 1999), research from perspectives of difference and deficit abounded; position-
ing cultural practices outside of white, middle class norms as inferior (Paris, 2012). The theory of
CRP began with a question that had not been asked: “What is right with Black students and what
happens in classrooms where teachers, parents, and students get it right?”” (Ladson-Billings,
2021, p. 2). Ladson-Billings’ (2014) succinct description of CRP is:
| identified three major domains of their work: academic success, cultural competence,
and sociopolitical consciousness. Briefly, by academic success I refer to the intellectual
growth that students experience as a result of classroom instruction and learning experi-
ences. Cultural competence refers to the ability to help students appreciate and celebrate
their cultures of origin while gaining knowledge of and fluency in at least one other cul-
ture. Sociopolitical consciousness is the ability to take learning beyond the confines of
the classroom using school knowledge and skills to identify, analyze, and solve real-
world problems (p. 139).
Further, there is a commonly held set of beliefs among successful teachers of African American
students, and the research has grown to include students and teachers from additional groups, ex-
panding views of culture and the heterogeneity of experience. The beliefs that the teachers hold
surround three propositions: (a) the conceptions of self and others, (b) the manner in which social
relations are structured, and (c) the conceptions of knowledge (Ladson-Billings, 2021).
Conceptions of self and others, for culturally relevant teachers, requires believing that
every student can achieve, pedagogy is an artform, teachers are community members giving back

to the community, and teaching is an act of pulling knowledge out rather than banking (Freire,
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1974). Teachers’ social relations are marked by fluid student-teacher relationships, connected-
ness with students, the creating of a learning community, and collaborative responsibility and
learning. Their knowledge beliefs include the dynamic nature of knowing, that it is viewed criti-
cally, teachers are passionate about learning and knowledge, assessment is multifaceted, and
scaffolding is the teacher’s responsibility. Important especially to science education, Ladson-
Billings (1995a) states, “For the teachers in this study, knowledge was about doing.” Doing sci-
ence is cultural, despite the singular approaches reflecting dominant epistemologies most found
in classrooms (Aikenhead, 2002; Smith et al., 2022).

CRP has inspired new research since its inception with culturally sustaining pedagogy
(CSP) (Paris, 2012) rising to the fore as a necessary shift. CSP is a framing of pedagogy that
seeks to better encompass an ensuring of the maintenance and value of languages and cultures
that comprise our multilingual, multiethnic society and classrooms. Paris (2012) asserts the terms
that existed at the inception of CSP did not “guarantee in stance or meaning that one goal of an
educational program is to maintain heritage ways and to value cultural and linguistic sharing
across difference” (p. 95). According to Paris (2021), key features of CSP include (a) critical
centering of community languages, practices, and knowledges; (b) intergenerational collabora-
tion and accountability; (c) reciprocal relationships with Indigenous communities, land, and each
other; and (d) attending to internalized false beliefs about the value of communities of color and
the false notion that sustaining lifeways and critically approaching dominant practices is an ei-
ther/or choice. Paris (2021) reflects on the collective projects advancing the maintenance of
Black, Indigenous, Latinx, Asian, and Pacific Islander cultures, finding more is needed to repur-
pose education through an understanding of “subject areas and disciplines (from STEM to his-

tory to the arts) as grounded in service to community care” (p. 372). Grimberg & Gummer
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(2012) provide findings toward this aim with their study of a professional development program
framed by CRP.

Differentiating the culture of science from school science, Grimberg & Gummer (2012)
state, “The culture of science is defined by the attributes and paradigms of the scientific activity
itself, but its practice echoes the social dynamic, place, and historical circumstances of the practi-
tioners” (p. 15). There are numerous examples of how school science contradicts the culture of
science and how that effects students: Aikenhead (2002) describes the alienation Aboriginal peo-
ples experience as a result of assimilation into a foreign culture; that is Western science. Smith et
al. (2022) traces the widespread, longstanding impact of colonialism around the globe as it con-
tributes to the silencing of students’ voices in science. Young et al. (2017) demonstrate that de-
spite their positive disposition toward science, Black girls are uniquely marginalized in STEM
classrooms; experiencing cultural discontinuity between home, school, and science content. For
science curriculum to be accessible, students must cross cultural borders. However, non-main-
stream students are disadvantaged when their home culture is not bridged to the culture of sci-
ence.

Research Design Overview

| cover the design and methodology of the dissertation in depth in chapter three but pro-
vide an overarching introduction to the study here. The purpose of the study was to understand
elementary teachers’ experiences teaching culturally relevant science from the teachers’ perspec-
tives (Ladson-Billings, 1990; 1995a; 1995b; 2014, 2021). Trying to make sense of teachers’ ex-
periences, the research addressed two questions: (a) What does it mean for elementary teachers
to teach science in culturally relevant ways? (b) How do teachers navigate school practices and

policies to teach science in their elementary classrooms? To answer these questions, | conducted
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two semi-structured interviews with the participants, seeking their experiences with teaching cul-
turally relevant science. | collected information about their school contexts from available online
sources (i.e. school websites). | conducted a narrative analysis (Reissman, 1993) of their stories
using the Three Dimensional Narrative Space framework put forth by Clandinin & Connelly
(2000). From there, | wrote and shared core narratives with the participants, taking them through
multiple iterations before finalizing them as findings. From a critical theoretical standpoint, | an-
alyzed the specific policies and practices the teachers navigated as they taught culturally relevant
science. I offer a critique of those policies and practices that impeded teachers’ culturally rele-
vant science pedagogy.
Significance

Research literature using CRP as a framework is more robustly centered around disci-
plines other than science (i.e. literacy, social studies, or mathematics) or not discipline-specific
(Brown-Jeffy & Cooper, 2011; Ladson-Billings, 1995b). This study fulfills the need to examine
CRP in science education, a call put forth by researchers interested in providing science instruc-
tion that views students who are Black, Latinx, Indigenous, immigrant, and/or English language
learners and their communities from a place of strength (i.e. Paris, 2021; Rodriguez, 2015;
Seriki, 2018; Smith et al., 2022). While CRP has been taken up by science education researchers
in contexts across K-16 education (Allen et al., 2017; Bettez, et al., 2011; Mensah, 2011) and
with science teacher educators (Underwood & Mensah, 2018), the current body of work includes
more studies at middle and secondary levels (i.e. Boutte et al., 2010; Johnson, 2011; Laughter &
Adams, 2012; Morales-Doyle, 2017) than the elementary level. This study contributes to the

growing literature on CRP in elementary education (i.e. Patchen & Cox-Petersen, 2008; Ullucci,
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2011; Upadhyay et al., 2017). | focus on classroom implementation to contribute to the work tak-
ing place in schools and provide examples for teachers, science teacher educators, and policy-
makers to think about.

The timeliness of the study is significant; the effects of decisions made during and fol-
lowing COVID-19 school closures, the newly signed state education laws, and the recent shifts
in district and school equity foci are all new considerations this study addresses. Policymakers,
including those at the school and district level in position to write mandates and implement prac-
tices that adhere to policies will find the results of this study of use to them as they gain access to
teachers’ perceptions of how CRP science is enabled or inhibited by institutional norms. Others
have documented challenges elementary educators face when teaching science from a social jus-
tice lens (i.e. Au, 2011; Braaten & Sheth, 2016; Roth, 2014; Trygstad, 2013). This study pro-
vides a critique of specific policies that impede students’ access to culturally relevant learning. It
is necessary to add to our understanding of seemingly well-intentioned practices taking place in
schools.

Dissertation Outline

The dissertation is organized into five chapters. Chapter two, a review of the literature,
presents research conducted in the interest of improving elementary science education from a so-
cial justice standpoint. Chapter three provides the details of the study’s methodology, the rational
for my approach, the research sample, information needed, the design of the research, data col-
lection methods, data analysis and synthesis, and issues of ethics and trustworthiness. In chapter
four, I present findings for each research question in narrative form, organized by participant.
The second research question findings are presented in two parts, both focused on how teachers

navigate practices and policies to teach culturally relevant science: First, narratives telling about



15

successful navigations of policies and second, narratives telling about unsuccessful attempts to
navigate policies. Chapter five includes my interpretation of the findings for each research ques-
tion from the CRP perspective as well as an interpretive critique of policies and practices; fol-
lowed by implications for inservice teacher professional development, preservice teacher educa-
tion, and policy. I include recommendations for future research and conclude with the limitations
of the study.

Definitions

Agency- “...individuals or groups reflecting, acting, modifying, and giving significance...in pur-
poseful ways, with the aim of empowering themselves and/or the conditions of their lives, stu-
dents, and others” (Moore, 2007, p. 591).

Critical consciousness- “a broader sociopolitical consciousness that allows them to critique the
cultural norms, values, mores, and institutions that produce and maintain social inequities” (Lad-
son-Billings, 1995, p. 161).

Culture- “shared and common beliefs, models for living, and practices by a group of people”
(Muhammad, 2018, p. 45).

Cultural competence- “support students’ understanding of their own history, culture, customs,
and languages, and develop their fluency in the dominant culture” (Ladson-Billings, 2021, p. 4).
Culturally relevant pedagogy (CRP)- “a pedagogy that empowers students intellectually, so-
cially, emotionally, and politically by using cultural referents to impart knowledge, skills, and
attitudes (Ladson-Billings, 2009, p. 20).

Social justice- “...exploring the social construction of unequal hierarchies, which result in a so-

cial group’s differential access to power and privilege” (Lewis, 2001, p. 189).
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2 REVIEW OF THE LITERATURE

In this chapter, | first share the steps I took to conduct my search and synthesize the liter-

ature. | discuss two overarching findings: The first is that my topics are relatively understudied,

and the second is that researchers at times use CRP in ways that do not encompass the entirety of

the theory. After that, | discuss the literature relevant to my topics organized into five sections:

1.

2.

3.

4.

5.

Culturally Relevant Science Teaching in Elementary Classrooms
Social Justice Science Frameworks

Teachers’ Conceptions of Social Justice Science

The Salience of Science Teacher Identity

Additional Factors Impacting Science Teaching

I conducted the review of literature using a combination of university library search tools,

Google scholar, and reference lists to locate books and peer-reviewed journal articles related to

the topics at hand: Elementary teachers’ conceptions of CRP, and practices and policies that sup-

port and/or impede culturally relevant science teaching. | used the advanced search tool to filter

results to those including my terms in the title and/or abstract. Journals such as Cultural Studies

in Education; Journal of Research in Science Teaching; Equity and Excellence in Education;

Theory into Practice; and Pedagogy, Culture, and Society also offered starting points. Then |

read (and reread) related studies and created a quotation table to isolate the authors’ operationali-

zations of their science teaching frameworks. The table also includes abstracts, the main compo-

nents of each study (i.e. theoretical framework, research questions, methodology) and my

thoughts about each. When searching for research on CRP in elementary science classrooms, |

identified gaps in the literature.
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First, few studies were available in the university library system when | entered culturally
relevant and elementary and science as search terms to identify in the studies’ abstracts. This
yielded 144 results, which increased to 159 when | added the term teachers. Removing the term
elementary brought the findings to 365. A search substituting culturally sustaining pedagogy for
culturally relevant pedagogy produced 13 results, and adding teachers to that brought it to 12.
Removing the term elementary increased results to 77. The differences in the number of results
support the need for a focus on the elementary level. I utilized a variety of search terms and kept
a running log of the kinds of results they produced as | conducted the review of literature. The
term social justice in place of culturally relevant produced over 1,000 results, though fewer were
available when I included the term teacher. A second conclusion | drew from these results was at
times, authors conflate CRP with other asset-based frameworks, such as multicultural education
(Banks, 2000; Nieto, 2004) and especially culturally responsive education (Gay, 2000). This is
not necessarily a bad thing, as concepts grow and evolve in response to expanding research and
diverse perspectives of researchers; and it is useful to have studies that provide in-depth analyses
of individual dimensions to inform teacher development. However, taking into consideration the
dimension that is most neglected, which is critical consciousness (or social transformation, criti-
cal agency, emancipatory pedagogy, etc.) becomes problematic when examining the breadth of
research because as others argue, it is a missing component needed to address inequities in sci-
ence education (Rodriguez, 2015).

One example of this conflation is Brown-Jeffy & Cooper’s (2011) conceptual framework
of CRP. While commendable for centering race and racism by layering CRP with critical race
theory (CRT), the authors’ framework lacks attention to the critical aspects of CRP in its own

right. Rather than acknowledge the dimension of critical consciousness the teachers in Ladson-
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Billings’ (1995) studies exhibited and fostered in students, the authors attribute any critique to
CRT. In actuality, the sociopolitical awareness of teachers and how they foster students’ devel-
opment of critical consciousness is what delineates Ladson-Billings’ (1995) framework and
those with comparable goals of social transformation or emancipatory characteristics from the
other frameworks Brown-Jeffy & Cooper (2011) groups together under the umbrella term CRP.
Smith et al. (2022) avoid the conflation pitfall in their argument while giving credence to the ori-
gins of what they call culturally adaptive pedagogies: Culturally relevant (Ladson-Billings,
1995), culturally responsive (Gay, 2002), culturally sustaining (Paris, 2012), and culturally sus-
taining/revitalizing (McCarty & Lee, 2014). | found that more research is needed that documents
classroom practices of teachers who understand science as cultural and understand teaching sci-
ence as more than an understanding of content, but a tool for improving their lives. In the next
section, | share the extant literature that informed my study.
Culturally Relevant Science Teaching in Elementary Contexts

In this section, | briefly restate the need for a focus on elementary science, and then |
share studies that utilized CRP in their studies specifically. After that, | extend my review to re-
search that uses different terminology or theoretical groundings for aims that are similar to those
of culturally relevant pedagogy. Recall the low number of studies available in elementary con-
texts as compared to those in middle, secondary, or preservice teacher education contexts. In the
U.S., elementary-aged students are typically described as those in kindergarten through fifth
grade, or aged five to ten years. Children in this developmental range matter as much as older
youth and their prospective teachers: They are in the formative years of science identity develop-

ment (Avraamidou, 2014), and research documents a racial gap in achievement as early as kin-
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dergarten (Brown-Jeffy & Cooper, 2011). Young et al. (2017) analyzed the 2009 National As-
sessment of Educational Progress (NAEP) data, which reports 18% of white students scored at a
level below basic, but 62% of fourth-grade Black students were below proficiency. Further, their
analysis of fourth-grade Black girls’ dispositions, parental involvement mechanisms, and oppor-
tunities to learn provided insight on aspects affording and/or constraining their development.
They identified strengths in Black girls’ understanding of life and physical science, and chal-
lenges in earth science. Further, while Black girls showed positive dispositions toward science,
the survey data revealed a lack of engagement. Though their teachers were traditionally certified
and possessed higher education degrees, most reported less than four hours of instructional time
for science each week, and many reported a lack of resources and training to support science
teaching. Finally, the 2018 survey of the National Academies of Science, Engineering and Medi-
cine (NASEM) reported only 31% of elementary teachers surveyed felt very well prepared to
teach science in general, and students most likely to be taught by teachers who feel unprepared
are more likely to be those in high-poverty schools with historically underrepresented race and
ethnicity groups. Research from a standpoint of cultural relevance or responsiveness contributes
to improving the status of elementary science.

Of the studies I located, most were conceptual or theoretical in nature (i.e. Bettez et al.,
2011; Brown-Jeffy & Cooper, 2011; Smith et al., 2022; Noel, 2016). A few focused on students
(i.e. Bang & Medin, 2010; Carlone et al., 2021; Desautels et al., 2002; King & Pringle, 2019;
Schenkel et al., 2019; Upadhyay et al., 2017), some on classrooms and/or teachers (i.e. Hagiwara
etal., 2011; Maulucci, 2010) others on preservice teachers (i.e. Kimori & Ellingson, 2022; Mat-
theis et al., 2020; Mensah, 2011) or preservice teacher educators (Underwood & Mensah, 2018).

In what follows, | present the studies that focus on classroom practices in their data collection
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and analysis. Taken together, these studies point to the need for more research that documents
elementary classroom practices that support students’ learning, cultural competence, and critical
consciousness in science.

One such study is Patchen & Cox-Peterson’s (2008) case study of two white, female ele-
mentary teachers whose constructivist practices were analyzed to understand how the teachers
met the needs of their native Spanish-speaking students. By analyzing interview and observation
data from a framework consisting of constructivist teaching and CRP, the researchers present
three categories of findings of constructivist teaching practices that may lead to CRP. The cate-
gories the authors identified were (a) authority, (b) achievement, and (c) affiliation. The authors
explain a shift toward CRP that can potentially occur within each category as follows: Redistrib-
uting authority, supporting metacognitive development, and extending relationships beyond the
classroom. Despite the constructivist practices observed in both classrooms, the researchers con-
clude CRP was out of reach as demonstrated by the lack of opportunities for students to direct or
even truly construct their learning and a lack of asking students “why” or “how” in their teach-
ing.

Another empirically driven study of CRP in elementary science is Lee’s (2004) three-
year study of six bilingual Hispanic fourth-grade teachers from a lens of Osborne’s (1996) char-
acterization of cultural congruence and Ladson-Billings’ (1995) conception of CRP. According
to Lee (2004), instructional congruence “maintains that effective subject area instruction should
combine considerations of students’ cultural and linguistic experiences with attention to the spe-
cific demands of academic disciplines” (p. 67). When congruence is present, students can appro-
priate science discourse and conduct science inquiry. The researchers collaborated with the

teachers throughout ongoing professional development designed to use commonalities between
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teachers and students’ culture and language to teach science while promoting English language
and literacy. Data included observations, individual and focus group interviews, field notes,
teachers’ feedback, and recordings of informal conversations; analyzed using qualitative meth-
ods. The researchers found the teachers’ confidence and knowledge of science and science in-
struction improved over the course of the study. Further, their practices shifted from a focus on
procedure in science to probing and extending student discourse by requiring students to elabo-
rate, explain, and justify their answers. In addition, the teachers began teaching in both Spanish
and English to promote science and English language learning. Finally, the teachers connected
students’ experiences at home to their science learning through connections to the foods they eat,
the weather they experience, world maps, the birthplaces of the students and countries they vis-
ited, a mother taking a child’s temperature. These were at times spontaneous, intuitive connec-
tions stemming from the teachers’ shared language and culture with students. The researchers
also found shifts in the teachers’ beliefs that allowed them to implement more effective science
instruction.

One such shift was the teachers’ preconception that science is not connected to culture.
Over time, the group became increasingly aware of the relevance of culture to science as they re-
flected on their own life histories and experiences with science instruction. While these findings
are positive, and indeed the research points to successful outcomes for students based on the ac-
tivities they were engaged in; the authors did not opt to analyze the practices they found instruc-
tionally congruent in terms of CRP despite having named it as their conceptual framework. Anal-
ysis of the dimension of critical consciousness, especially, was absent from the study though it
was plausible to connect the teachers’ realizations about the clash of their students’ cultures to

traditional school science to their own increased critical consciousness. To address the theory-to-
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practice divide teachers like those in Lee’s (2004) study experience, Brown et al. (2018) utilized
cognitive apprenticeship alongside CRP in their study of elementary teachers’ practices after par-
ticipating in targeted professional development.

Extending the focus more broadly from science to science, technology, engineering, and
mathematics (STEM); the researchers address three questions: (a) What do elementary teachers
know about cultural relevancy in STEM teaching? (b) How do elementary teachers envision ap-
plying cultural relevancy in STEM teaching? (c) After participating in a professional develop-
ment, what principles of cultural relevancy did teachers actually apply in their urban elementary
classrooms? The researchers build on extant literature on culturally relevant education (CRE)
which is a term offered by Aronson & Laughter (2016) to denote the grounding of Gay’s (2002)
culturally responsive teaching and Ladson-Billings’ (1995) CRP together. Brown at al.’s (2018)
analysis of interview and video data came from an all-African American male charter school
serving students in kindergarten through fifth grade. After their professional development, teach-
ers focused on racially specific phenomenon, and racially and culturally specific topics in their
teaching and assessments. However, while the teachers were aware of CRE in STEM, they did
not discuss teaching techniques that demonstrate an application of the theory.

As for demonstrating CRE in their teaching videos, the findings were dynamic across
participants. Interestingly, it seems the application of CRE in the teachers’ classrooms was
stronger than their expressions about what CRE in STEM means. The teachers connected STEM
topics to their students’ lives, experiences, and cultures with topics such as melanin, fashion, and
budgeting. Overall, these studies show the possibilities for teaching culturally relevant science
with a variety of techniques, from a range of theoretical lenses, and for diverse groups of stu-

dents. At the same time, the literature leaves room for additional studies addressing student
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learning, cultural competence, and critical consciousness together. While studies that focus on
one dimension (or a similar characteristic) are useful for informing our understanding of each, if
teachers are to adopt culturally relevant practices and teacher educators are to support that goal;
we need more studies that address all three dimensions. Given the relatively low number of stud-
ies on elementary science teaching from a CRP framework, | turn next to research that addresses
goals that are shared with CRP, which | characterize as social justice science broadly.
Social Justice Science Frameworks

To reiterate, the phrase social justice science yielded the highest number of findings in
my search. These studies are important for informing my research because, as Ladson-Billings
(1995) states, the teachers may or may not identify their teaching as culturally relevant: It is a re-
search term. However, they share a common set of beliefs about teaching that is reflected in
these studies, and the goals of the research are similar to those of the aims of CRP. The range of
possibilities for disrupting status quo science teaching as described in the frameworks included
here are all included in my conception of the term social justice science. My purpose in includ-
ing various frameworks is to be inclusive of the broad entry points I identified in the literature
that work against forces and practices that marginalize students of color from science. To be
clear, I heed Ridgeway’s (2019) caution that “[t]he term social justice has been used to be a
“catch all” phrase to encompass anything under the banner of “equity,” which inadvertently has
made it meaningless” (p. 285). For example, when examining socioscientific issues in science as
an approach, | found it possible to utilize the framework, which claims empowerment through

consideration of morals, virtue, and ethics embedded in science topics (Zeidler et al., 2004),
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without a critical lens. Such use would preserve the status quo by examining issues without at-
tention to power relations and thus the framework is not representative of social justice science
in my envisage.

Though there are differences among them, the goals of these frameworks relate to teach-
ing that seeks to interrupt the ways oppressive systems (i.e. white supremacy) functions in sci-
ence education by privileging dominant epistemologies (i.e. white, Western ways of knowing)
and marginalizing students from non-dominant identity groups. Research prioritizing social jus-
tice science (Cammarota & Romero, 2009; Moore, 2008) justice-centered or justice-oriented sci-
ence (Davis & Schaeffer, 2019; Morales-Doyle, 2017; Tolbert, 2016), socially just science
(Maulucci & Fann, 2016), abolitionist science teaching (Louis & King, 2022) points to the direc-
tion(s) science education needs to move (Mensah & Jackson, 2018). Research from these frame-
works maintains the importance of knowledge and skills in the science, but goes beyond content
knowledge and a singular way of doing science (i.e. the so-called scientific method) and in most
instances, seeks opportunities for students to engage in science as a tool for transformation, so-
cially and personally.

Social justice science frameworks are critical, implementing teaching practices that af-
firm students’ racial, ethnic, gender and other identities and nurture a desire to use science to im-
prove their own and others’ surroundings as they are affected by oppressive forces by first nam-
ing those forces (Cammarota & Romero, 2009; Upadhyay, 2009). The working-class, Latinas/os
high school students in Camarota & Romero’s (2009) study engaged in participatory action re-
search, selecting their research topics from poems they wrote expressing problems in their lives.
Their involvement in conducting research led to personal changes such as positive identity devel-

opment, empathy for others’ struggles, and community activism.
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These frameworks also involve creating equitable science classrooms, meaning all stu-
dents have access to quality science instruction regardless of their multiple identities (Carlone et
al., 2011; Moore, 2008; Morales-Doyle, 2017; Rodriguez, 2015). Students in two fourth grade
classrooms in Carlone et al.’s (2010) showed understanding of science content and positive atti-
tude toward science, but the African American and Latina girls expressed views of themselves as
unlike the science people or smart science students in their classes. Their research suggests idea
sharing in classrooms has consequences for the accessibility of what scientific knowledge means
and who can be a scientist. Social justice science teaching also revolves around local understand-
ings of “physical/spacial, social, political, and domain knowledge” (Davis & Shaeffer, 2019, p.
369). The fourth- and fifth-grade Black students in Davis & Shaeffer’s (2019) ethnographic
study engaged in a unit investigating water as a human right and the benefits of water justice as
they learned science content related to water properties and its functions. Their analysis of stu-
dents’ meaning making showed they analyzed sociopolitical and ethical issues and made sense of
them using their scientific understandings of water. Additional frameworks prioritize some or all
of these same components around themes of social transformation, equity, funds of knowledge,
power or a combination of these themes.

Scholars advocating for personally and socially transforming science teaching center the
role of critiquing systems, policies, and practices of oppression such as whiteness. They argue
the purpose of science education should be not only to teach in ways that go against oppressive
systems but also in ways that produce actionable outcomes that make a difference in the lives of
students and/or their communities (Bullock, 2017; Ridgeway, 2019). Brown (2017) used cultur-
ally responsive (Gay, 2010) and culturally relevant (Ladson-Billings, 1995a) pedagogies in com-

bination with Giroux’s (2011) critical theory to extrapolate a view of equitable science learning
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that “emancipat[es] learners through instruction that offers social, political, and/or historical cri-
tique to challenge hegemonic systems” (p. 1146). This is related to the fostering of students’ crit-
ical science agency (CSA), which is influenced by Freire (1970).

Researchers interested in CSA propound to be scientifically literate is to “use the
knowledge and practice of science in conjunction with various other forms of expertise to take
action on critical issues in one’s life and society” (Schenkel et al, 2019, p. 310). It is the position
that learning science involves a critical reading of one’s world and becoming an agent of change
(Basu et al., 2009). Science educators need to recognize strengths in diversity, embrace a range
of epistemologies, and teach from a stance that schools are sites of knowledge construction
among all members rather than a place of the keeper of knowledge to be passed to students
deemed worthy (Basu & Barton, 2010). Examples from these studies include girls who utilized
engineering design processes to create sustainable products that addressed their local concerns:
One group created an LED-lit Woot Wall, a light-up bulletin board that served to celebrate
youth’s accomplishments in response to the low morale among students and lack of recognition
peers received for things they valued, such as kindness. The second group of girls created Bobbi
The Trash Talker Recycling Bin to provide positive reinforcement via a voice recording of the
request, “please recycle” upon the push of a button. Powered by solar energy, a wheel also spun
when the sun shone on the bin. A landfill at a student’s grandmother’s house was part of the im-
petus for this project.

Science education researchers have also taken up and extended Moll et al.’s (1992) no-
tion of funds of knowledge to make explicit the ways that science, like other disciplines, is cul-

tural (Young et al., 2017). Non-dominant cultural norms are assets to be brought into the class-
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room; not mistakes to be corrected, gaps to be filled, or practices to wean children from in ex-
change for privileged ways of being. In a related vein of drawing on assets, Archer et al. (2015)
put forth a conceptual device for understanding science capital in the tradition of Bourdieu’s
(1984) theory of practice. They elucidate that science capital, or the resources (economic, cul-
tural, social and symbolic) someone possesses for forming a science identity and career aspira-
tions is dependent on “who is possessing/deploying it and in what context (field)” (p. 6). They
recommend attention to gender and class inequalities as an avenue for increasing diverse partici-
pation in STEM.

King & Nomikou (2018), building from Archer et al.’s (2015) notion, found that use of a
professional development intervention from a science capital approach fostered teachers’ critical
agency. They recognize agency as “something that is achieved within the contingencies of the
moment and in context, rather than something which is possessed and immutable” (p. 88) in be-
ing intentional not to separate an individual sense of agency from its co-constitutive social struc-
tures. Drawing on emancipatory pedagogy as put forth by Nouri & Sajjadi (2014), Swartz’s
(1996) notion of emancipatory pedagogy, and Love’s (2019) theory of abolitionist teaching, Lois
& King (2022) leveraged community cultural wealth (Yosso, 2005) from a CRT perspective.
These “aspirational, familial, social, linguistic, resistant, and navigational” forms of capital (Lois
& King, 2022, p. 210) were gained as teachers implemented pedagogy utilizing the Southern
Poverty Law Center (2016) social justice standards comprised of identity, diversity, justice, and
action domains. All four teachers took up abolitionist teaching by using critical readings, creat-
ing lessons valuing students’ cultural capital, participating in discussion and reflection around
their practice. | turn next to research that centers the teachers’ conceptions of this kind of science

teaching.
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Teachers’ Conceptions of Social Justice Science

The research | presented in the previous section is important for advancing scholarship
toward the realization of social justice aims for science education, however practice has yet to
reach such goals. Understanding what teachers’ conceptions are as they work to implement re-
search-based asset pedagogies and social justice science is vital to the betterment of students’ ex-
periences in the classroom. How/do they define equitable, justice-oriented science, or culturally
relevant science? How/do their perspectives align and differ from researchers’ conceptions of
culturally relevant science? What are the teaching practices that contribute to this kind of teach-
ing and learning? What types of activities will they prioritize in their science classrooms? The
studies I discuss next, in conversation with the rest of the literature, reveal the context-specific
pedagogical frameworks that teachers and their collaborators may find best-suited or adapt to fit
their needs. Science content, social justice issues, and resulting projects and products cannot be
easily laid out for others to follow.

Lee’s (2001) investigation into the meaning that preservice early elementary teachers
held about social justice showed a range of ideas. Related to my study is the view of social jus-
tice as its own content to be taught in social studies or literacy, but difficult to do in math or sci-
ence. Elementary teachers are responsible for providing opportunities for students to form identi-
ties in all subject areas, regardless of their personal affinity for one over another or their training
in each. In characterizing the potentially transformative curriculum Tobin (2002) wanted to pro-
vide students, he expressed:

| wanted to enact a curriculum that the students would perceive as interesting, relevant to

their lives, and useful. To the extent possible | wanted the students to have choices in

what they would study and where they would study it. | predicted that they would enjoy
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doing science if the program was based on investigations, and | had a preference for the

activities to involve real world problem solving. | wanted to focus on inquiry as a means

to develop deep understandings of science subject matter (p. 128).

This expression of Tobin’s intentions for his instruction provides a clear picture of the kinds of
activities students could experience. It provides potential avenues a researcher in inquiry along-
side this teacher could provide: Protocols for eliciting students’ ideas and choices, connections
with people doing the work in out-of-school spaces, resources for identifying and introducing
specific problems to students, and support with implementing investigations. Other teachers ex-
press aims that resonate with social justice science perspectives another way. Carlone et al.
(2010) studied 13 teachers who viewed science participation as empowering for students. They
found that teachers also believed in inquiry-based learning, wanted every student to have a voice,
every student to see their potential for becoming a scientist and use scientific knowledge in their
everyday decision-making. They prioritized authentic forms of assessment in science, prompting
students to participate in scientific discourse (e.g. making their thinking visible to others). To-
bin’s (2002) intentions include a dimension of real-world problem solving that the teachers in
Carlone et al’s (2010) research did not express when sharing the teachers’ goals.

In an action research project with students, Fusco’s (2001) role as the teacher included
setting an ambitious agenda, assisting with the division of labor for the project, maintaining
broad objectives, and guiding purposeful products that students deemed important. To do this,
Fusco (2001) had to respond to students’ ideas daily and adjust instruction accordingly, resisting
the urge to privilege positivistic science by allowing students to use epistemologies rooted in ar-

tistic forms and oral histories. Chiu et al. (2021) sought to understand how and why teachers
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adapted a curriculum that was designed intentionally to be used in equitable engineering instruc-
tion by two 5th grade teachers. Teachers’ main rationale for adapting the curriculum was in order
to contextualize it for their students. First, they did this by connecting to the school by making
evidence the connection between the curriculum’s provided activities and the drainage problem
on the field at their school. Second, they built upon school-based resources such as their
knowledge of mathematics and science to connect their understandings to the curriculum. Last,
they bridged to students’ daily lives by eliciting their knowledge on related topics.

Three teachers in Haverly et al.’s (2020) study centered on equitable sense-making in
their elementary science classrooms in terms of valuing student voice. These differences show-
case the need to understand the teachers’ perspectives for teaching science as part of analyzing
the enactment of their social justice science teacher identity. Watts et al. (2003) remind readers,
“[c]ritical consciousness can lead to different ideological outcomes; strictly speaking, there is no
one set of conclusions that everyone should reach. Diversity precludes that. To press for equal
outcomes turns the process of critical consciousness development into indoctrination” (p. 187).
This reminder that striving to produce cookie-cutter teachers is not in the interest of CRP reiter-
ates a point that brings me to the literature surrounding a social justice teacher identity. This spe-
cific identity consideration is needed due to the strategic navigating CRP often demands of
teachers because school settings tend to contradict culturally responsive teaching. In addition to
considering what culturally relevant teachers do, it is imperative to characterize who culturally
relevant teachers are so that we can learn how to develop them.

The Salience of Science Teacher Identity



31

Literature using identity as a framework for studying science teacher development is in-
fluential to my research on teachers’ culturally relevant science teaching because cultural respon-
siveness and criticality require teachers themselves possess a sociopolitical awareness (Villegas
& Lucas, 2002), which is connected to who teachers are (Wallace et al., 2012). Further, it has
been suggested that teachers with a strong science identity and a strong science teaching identity
can facilitate students’ development of a strong science identity, which enables them to reach
goals of scientific literacy. This literature demonstrates that self-efficacy and agency are key to
science teaching identity. Hagiwara et al.’s (2011) reflections demonstrate the connection be-
tween teacher identity and science teaching stating:

By examining the classroom as a social space, we learn about the role and identities of

three urban teachers and their middle school students, and examine the power bearing

practices that are enacted upon based on the self-efficacy of the teachers. The power
bearing practices of the teachers that inform the synergistic dynamics of students-teach-
ers-science within the classroom ultimately enable and constrain students’ self-efficacy

and sense of agency to think scientifically and enact science (p. 1006).

What this quote demonstrates is the importance of who the teachers are because of the power re-
lations that are shaped by multiple and intersecting identities, and in turn what self-efficacy the
teachers possess, which then informs students’ self-efficacy. Ritter at al. (2001) expand previous
conceptions of self-efficacy that include teachers’ beliefs about their science content knowledge,
science teaching methods, responses to students’ questions and impact on learning by including
teachers’ beliefs about their ability to teach equitable science. Ritter et al.’s (2001) expansion of

self-efficacy to include equitable science adds teachers’ beliefs about diversity and their ability
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to effectively teach science to students of color, English language learners, children from low-
income households, and girls.

Personal and social conditions are in concert as teachers develop teaching identities in
multiple places over time. Science identities are socially constructed and depend on recognition
from a knowledgeable other (Barton & Tan, 2010; Kier & Lee, 2017; Tugurian & Carrier, 2017).
Understood narratively, identities are “stories to live by” (Clandinin & Connelly, 2000, p. 129).
They are created as we construct stories about our past, present, and future (McAdams &
McLean, 2013). In developing science teacher identity, such stories surround teachers’ K-12 ex-
periences of science, their science methods coursework, student teaching field experiences, class-
room teaching, and cycles of reflection with attention to future directions. Maulucci & Fann
(2016) state, “...teaching for social justice involves being able to evaluate teaching and learning
situations, to imagine how they could be better... to develop and implement new plans, and to
reflect on the relative success of those initiatives” (p. 112). This quote illustrates one kind of
story that can be told over the course of time, resonating with the narrative view of identity.

Identity as a theoretical framework for studying teacher development has been useful in
understanding issues of science teacher preparation (e.g. Luehmann, 2007; Avraamidou 2014;
Mensah 2016). Additionally, Moore (2007) investigates the formation of an identity in which el-
ementary preservice teachers (PSTs) view themselves as change agents. She states,

agency is defined as individuals or groups reflecting, acting, modifying, and giving sig-

nificance to the teaching of science in purposeful ways, with the aim of empowering and

transforming themselves and/or the conditions of their lives, students and others. Thus

agency is action-oriented; it is critical; it is the way that teachers use power, influence,



33

and science to make decisions that affect positive social change in science classrooms.

(Moore, 2008, p. 591)

Moore found teachers’ critical agency integral to their identity as change agents, or in essence
“social justice science teachers” (p. 608). The two were co-constructed. Only one out of 23 PSTs
was classified by Moore to have been self-identified as a change agent outside the classroom.
The PST who saw herself as this kind of teacher, interestingly, had a weaker teacher identity be-
cause she did not feel ready to teach yet. However, her view of her future work as a change agent
included goals of social justice. She looked forward to driving change in the face of inequitable
assessment, curricula, and policies; helping students navigate inequitable systems so they, too,
can make changes in the world; and addressing diverse needs of students in dialogue with other
educational stakeholders. Picower (2013), emphasizing the need for social justice-oriented teach-
ers to first and foremost recognize that teaching is political, found preservice teachers who
gained an awareness about the political nature of education shifted their stance from ethnocentric
views to culturally relevant pedagogy. They were also more aware of systemic inequalities, saw
strengths in students as opposed to deficits, and felt more connected after a yearlong professional
development experience in a teacher residency.

Chen and Mensah (2018) conducted a collective case study to understand how PSTs
identities shifted from coursework to student teaching placements; experiences, relationships
and/or interactions that influenced their identities; and how their social justice science teacher
ideals were challenged during student teaching placements. It was consistent that the positioning
of the PSTs by cooperating teachers in their student teaching placements either provided or de-
nied the PSTs of authentic teaching opportunities, shaping their science teacher identities. The

school’s low prioritization of science instruction conflicted with one PST’s opportunity to teach
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inquiry-based science lessons, as it was limited to a rotation in a station as part of a 45-minute
segment each week. Another was limited to follow a scripted curriculum rather than the multi-
cultural, inquiry-based science the PST was learning to design. In contrast, student teachers who
were given time and space to practice the pedagogy they were learning in their coursework were
positioned as teachers as opposed to learners, a recognition that affirmed a science teacher iden-
tity. To reiterate, the literature I reviewed in this section is related to my interest in teachers’ con-
ceptions of culturally relevant science and the ways they navigate policies and practices because
the research emphasizes the importance of who teachers are and who they become. Aside from
identity considerations, researchers have documented factors that impact teaching science at the
school level, which | present next.
Additional Factors That Shape Science Teaching

Factors that impact science teaching in K-12 classroom settings in the U.S. include the
teaching standards in each state, the compatibility of teaching and learning perspectives with
those standards, and the practices in place within schools that hold teachers accountable to them.
| share the research on these topics next.
Standards

Barton’s (2002) analysis of 46 urban science education studies showed two main chal-
lenges to equity in science: (a) material resources and (b) policy and its enactment. Since
UNESCO launched a commitment to “equalizing science learning experiences for all students”
(p. 14), Barton (2002) reports on research that has asked questions about school, system, and
community-based conditions impacting policy enactment and how/should the science education
community understand the impact of policy. Her analysis found inadequate teaching conditions,

distrust among decision-makers, a lack of understanding or shared mission, and a host of barriers
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that persist even when professional development and an inquiry program are supported. Yet,
there is a range of perspectives as to how and why policies restrict implementation. Today, the
majority of U.S. states (45) have either adopted or based their version of K-12 standards on the
NGSS. As mentioned in chapter one, the goals of the NGSS relate to high school graduates’ un-
derstanding of scientific and technical information to engage in public discussions and enter ca-
reers of their choosing (NASEM, 2022). The NGSS lay out three dimensions necessary for sci-
ence learning:

1. Crosscutting Concepts: Physical, Life, Earth, and Space science practices are under-
stood in connection with Engineering Design. There are seven: Patterns; cause and
effect; scale, proportion and quantity; systems and system models; energy and matter;
structure and function; and stability and change.

2. Science and Engineering Practices: Students engage in the actions or behaviors that
scientists do to investigate the natural world and design and build systems. These
deepen past conceptions of inquiry by requiring students to apply core ideas and
crosscutting concepts. Detailed in a progression from K-12, there are eight practices:
Asking questions (for science) and defining problems (for engineering); developing
and using models; planning and carrying out investigations; analyzing and interpret-
ing data; using mathematics and computational thinking; constructing explanations
(for science) and designing solutions (for engineering); engaging in argument from
evidence; and obtaining, evaluating, and communicating information.

3. Disciplinary Core ldeas: Key ideas grouped into the domains of Physical, Life, Earth
and Space Science and Engineering that serve to focus the K-12 curriculum. Core

ideas meet two out of the following four criteria: The idea has broad importance
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across disciplines or a key organizing concept; it is a key tool for understanding a
complex idea or solving problems; it is related to students’ interests and experiences
or connect to societal concerns requiring scientific or technical knowledge; and over
multiple grades, the idea increases in depth and sophistication while being teachable
or learnable (Achieve, 2013).
Bismack et al (2022) conducted a longitudinal case study of teachers from the time they spent
two years in a practice-based teacher education program through their first two years teaching in
elementary schools. I share this study because the program offered four courses in science teach-
ing and learning, a higher number than the many teacher preparation programs which offer just
one. The course titles are offered, though a description of the foci of each is not present in the
study so whether the program prioritized diversity and/or equity in science is left unknown.
However, their analysis of videos of teaching, lesson plans, teachers’ reflections, interviews, and
a program assessment yielded findings about their implementation that differ from previous stud-
ies in a positive way that shows with support, teachers can implement the NGSS practices. At the
highest level of understanding, the participants knew the meaning and importance of construct-
ing scientific explanations and arguments; and at the lowest level of understanding was the need
to critique scientific explanations and arguments. Other studies have noted these same areas as
difficulties for novice teachers (i.e. Arias, 2015).

The NGSS contain language that encourages multiple perspectives, centering the human-
ity of scientists, and encouraging students to form their own questions and arguments. These are
worthwhile foci and an improvement from earlier standards that placed more emphasis on what
topics to teach and recalling of facts. However, Rodriguez’s (2015) critique from the lens of so-

ciotransformative constructivism reports a discrepancy between the NGSS and frameworks for
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social justice science described above that lies in how explicitly an equitable approach to science
education should disrupt power imbalance in science. The NGSS utilizes broad conceptions of
equity that ultimately allow for status quo teaching to persist (Rodriguez, 2015).

Brown (2017) drew on Giroux’s (2011) conception of critical education in combination
with Gay’s (2010) culturally responsive and Ladson-Billings’ (1995a) culturally relevant theories
of teaching to examine the compatibility of an equitable teaching framework with the inquiry-
based aims of the NGSS. Results of her metasynthesis of 52 empirical articles show that teachers
can align these frameworks with certain attributes of inquiry detailed of NGSS. Those compo-
nents include most frequently (a) Obtaining, Evaluating, and Communicating Information, (b)
Constructing Explanations and Designing Solutions, and (c) Developing and Using Models.
Brown (2017) also identified the three most common culturally responsive practices that were
used in conjunction with the inquiry-based science practices: (a) Pedagogy, (b) Curriculum, and
(c) Classroom Relationships.

It follows that teachers can potentially implement the standards in culturally relevant
ways and create equitable science classrooms. One of the ways teachers do this is by shifting
from backward planning with specific content mastery in mind to embracing the unfolding of
scientific practice in response to each day’s work, led by students (e.g. Buxton, 2010; Fusco,
2001; Tobin, 2002). Buxton’s (2010) study demonstrated the power of a place-based social prob-
lem-solving science unit around water use around the world. The students were able to demon-
strate science content knowledge typical of standardized tests while expanding their thinking
about their local environment and expressions of their thinking. Sharing authority with students
may necessitate adjusting the sequence of teaching particular standards, incorporating content

that falls outside the requirements for the particular grade level, and designing assessments based
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on the content students naturally came to learn because they needed to understand certain topics
in order to solve the problem at hand. This means students in one classroom may study different
topics than one another, and it follows that classrooms would have different content at different
times within a grade level and from school to school. This work presents challenges and creates
tension for teachers in the accountability climate of standardized tests.

Institutional Constraints

How/do teachers find opportunities for engaging students in activities that not only foster
acquisition of knowledge and skills but also foster a sense of science identity, cultural compe-
tence, and critical consciousness as part of their science learning in the age of accountability?
Upadhyay’s (2005, 2006, 2009) studies reveal important understandings of teachers’ enactment
of empowering curriculum. Each teacher drew on her life history to inform her view of students
from cultures different from and like her own. They all had to contend with the pressures of high
stakes tests, but their interactions with students drove the direction of their teaching. They each
had to balance positive and negative experiences with colleagues and students’ families. In their
commitment to centering students and their belief that science is connected to all parts of life, in-
cluding other subject areas, the teachers were able to work around institutional constraints by in-
tegrating literacy and math with their science instruction.

One participant, Vera, for example, worked in a school environment was unkind to teach-
ers with inadequate standardized test scores, and she saw passing the test as a form of empower-
ment for students because doing so provides opportunities. However, her desire to prepare stu-
dents with conceptual understanding forced her to make the difficult decision to disregard district

curriculum and goals. She was in conflict with her beliefs about learning and her obligations to
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the school system. Vera’s goal was to provide transformative experiences for her Hispanic stu-
dents in stark contrast to the reading-focused science education she received that caused her to
dislike science and believe it was not for her as a Mexican. Vera adapted the researcher-provided
curriculum to include process skills in order to prepare for those questions on the tests.

Together, these studies reveal the salience of teacher positioning. Carlone et al. (2010)
utilize the concept of “tempered outsiders” to portray how teachers in their study functioned sim-
ultaneously as insiders and outsiders in their schools. The teachers in the study knew the dangers
of isolation from science their students faced as students of color and refused to take part in their
exclusion from it. In their commitment to centering students and their belief that science is con-
nected to all parts of life, including other subject areas, the teachers were able to work around in-
stitutional constraints (i.e. a schedule tightly-monitored by administrators, negativity from col-
leagues interested mainly in tested subject areas, parent preferences for students to pass tests ra-
ther than experience science practices) by integrating literacy and math with their science in-
struction.

At the same time, we can learn from teachers whose social justice aims were not realized,
such as in the case of Rivera Maulucci’s (2010) participant Tina, Mensah’s (2022) participant,
and Tobin’s (2002) autoethnographic account of his own teaching. Tobin (2002) reveals how his
deficit views, lack of understanding of his students’ cultural and social experiences, and in-the-
moment decisions to maintain control and order in the classroom constrained his implementation
of his street science inquiry. Tobin’s (2002) work reveals the contrast that occurred between
writing about, speaking about, planning for, and preparing to teach using justice-oriented science

pedagogy and enacting it in the classroom. He discusses his inability to connect science to stu-
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dents’ lives through a street science project that contrasts in outcome to Fusco’s (2001) success-
ful work with youth who reinvigorated an abandoned garden space in their neighborhood. The
teacher in Maulucci’s (2010) study, a white woman teaching Black and Latino/a students, would
have quit teaching had it not been for the support of her colleagues in “understanding cultural,
linguistic, and social difference as resources to be capitalized on in teaching” (p. 645). A white
woman participating in Mensah’s (2022) analysis of neoliberal ideology left the teaching profes-
sion altogether.

Teachers in the studies conducted from the CSA framework described above recognized
students’ ideas and assets, ensured a distribution of roles by holding students accountable to their
groups’ goals, paid attention to students’ needs, and actually used their engineering solutions.
Teachers without the insight to honor diverse students’ funds of knowledge and utilize them in
the classroom will struggle to implement social justice science. To this aim, Miller et al. (2018)
argue for teachers to develop students’ epistemic agency, meaning they are not expected to repli-
cate the science practices of others’ but to contribute to the shaping of knowledge production.
Mensah (2022) reminds readers that all schools are projected to continue to increase in diversity
of not only race but also additional identity markers, not just schools in urban centers. Teachers
cannot simply choose to teach children they perceive are most like them. This points to the need
for science teacher educators to prepare preservice teachers for a multitude of settings and cul-
tures as part of becoming social justice science teachers. It is worth noting the scholarship on sci-
ence teacher educators’ conceptions of CRP and how to support preservice teachers toward so-
cial justice science teaching is relatively thin, according to Underwood & Mensah (2018), whose

research showed four science teacher educators’ conceptions of CRP were conflated with cultur-
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ally responsive pedagogy (Gay, 2000). The authors recommend anti-racist professional develop-
ment that addresses topics that would support science teachers’ ability to model reflection pro-
cesses with preservice teachers (i.e. the racial achievement gap, colorblindness, biases, and
school racism).
Summary

Thanks to the studies I reviewed above, such as King & Nomikou’s (2017) science capi-
tal intervention, and stories from community partnerships such as Lois & King’s (2022), there
are examples of specific supports we can consult as elementary teachers work to improve their
science teaching practices. By this, | mean the strategic practices researchers taught preservice or
in-service teachers in structured professional development settings and their discussion of the
utility of those tools, activities, and lessons. The studies | have discussed led me to concur with
Grimberg & Grummer (2013) who argue, “the individual’s cultural, social, historical, and aca-
demic locations cannot be separated from the what (curriculum), how (pedagogy), why (poli-
cies), and by who (teachers)” (p. 1034). This speaks to the narrative design of the study. Rather
than isolate any one component of the what, how, why, and who; | retain the complexity of sci-
ence teaching by conducting my study from a three dimensional space of temporality, sociality,

and place (Clandinin & Connelly, 2000), explained further in the next chapter.
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3 METHODOLOGY

The purpose of the study was to understand elementary teachers’ experiences teaching
culturally relevant science from their perspectives. The need to understand teachers’ experiences
implementing science instruction that is effective, engaging, and socially impactful for all stu-
dents stems from the following proposition: The state of Georgia is simultaneously increasing in
diversity and establishing restrictive education policies (i.e. HB 1084, SB 1187). Both bills be-
came laws in 2022, and research has yet to document its impact on elementary science education.
Science is a human effort. Any attempts to restrict teachers’ capacity or opportunity to respond to
students’ life experiences poses challenges that can be understood by hearing from teachers
themselves since they are immediately translating policy to practice. Further, policies at the dis-
trict and school level, as well as practices put in place to increase adherence to policies, are best
understood by unearthing teachers’ experiences in the classroom. Hence, | designed a qualitative
methodology for studying teachers’ experiences.

Understanding what it means to teach culturally relevant science from the teachers’ point
of view provides empirical data which could be used to first, contribute to the growing
knowledge base about science education the elementary level; and second, critique institutional
school policies and practices that create barriers to teaching culturally relevant science. A cri-
tique of institutional constraints could inform elementary teacher preparation programs about
how teachers translate theory and policy into practice in the teachers’ unique contexts at this crit-
ical point in time. The research addressed two questions: (a) What does it mean for elementary
teachers to teach science in culturally relevant ways? (b) How do teachers navigate school prac-
tices and policies to teach science in their elementary classrooms? In this chapter, | describe the

methodology of the study and discuss rational for my approach, the research sample, information
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needed, the design of the research, data collection methods, data analysis and synthesis, and is-
sues of ethics and trustworthiness. | conclude the chapter with a summary.
Rationale for Narrative Analysis

In this section, | provide a rationale for my use of narrative analysis. | provide the details
of my procedure in an upcoming section. The data for my study were stories elicited through
semi-structured interviews. Riessman (1993) defines narrative analysis as the study of the story
itself, which reflects the analysis | conducted. Stories are one thing all of humanity has in com-
mon. The telling of experiences from first person accounts predates the written word. Stories are
instrumental in passing along and preserving memories, traditions, and history. They evoke our
emotions, enlighten us, educate us, foster reflection, and give us space to engage in hope for the
future. They provide an outlet for solving problems, escaping our own reality, and experiencing
modes of communication. From a research perspective, “narrative is the linguistic form suited
for displaying human existence as situated action” (Polkinghorne, 1995, p. 5). The teachers in
my study experience their teaching as situated action in their unique contexts, and that is why |
chose to elicit their stories as the primary mode of inquiry.

The term narrative, in research, has taken on a life of its own, some arguing its origin in
postmodern research with scholars such as Michel Foucault, Jacques Derrida, and Jean-Francois
Lyotard (Taylor, 2014). According to Elbaz-Luwisch (2007), “Schwab was probable the first ed-
ucational theorist to call for close attention to the lived experience of children and teachers in
classrooms” in the 1950s (p. 358). Researchers have conceptualized narrative as a prosaic dis-
course, in which the text is the form of data to be analyzed (Riessman, 1993; Polkinghorne,
1995); an ontology (Clandinin & Connelly, 2000); and a theoretical tenet of critical race scholar-

ship, in which counter-narratives serve to legitimize and prioritize the experiences of people of
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color (Decuir & Dixson, 2004). While there is a tendency for social sciences to historically write
off personal experiences as non-objective and thus unacceptable forms of data for making
knowledge claims (Clandindin & Connelly, 2000), researchers across disciplines have taken
strides in making it clear that not only are personal experiences viable objects of study, but they
are invaluable for what they offer to increase the social relevance of research in general.

The ontological stance of my study is that people make meaning of experience narra-
tively: They interpret events and actions through time, across place, within social milieus
(Dewey, 1958). Riessman’s (1993) use of narrative analysis focuses on first-person stories a re-
searcher seeks to understand by way of a number of analytical frameworks. It is a necessary or-
ganizing principle for the information needed to answer my research questions surrounding ele-
mentary teachers’ culturally relevant pedagogies and their contextual influences. Obtaining nar-
ratives to analyze involved participating in the creation of those narratives in my study because |
gathered them via interviews. | became part of the social construction of the teachers’ narratives
as they told them in conversation with me. Next, | define the underpinnings of the design of my
study to be clear about why, based on the theoretical framework and research questions, narrative
analysis is appropriate for the study.

Through narrative analysis, | embrace an interpretivist paradigm, which maintains as
Treagust et al., (2014) put it, “people construct their understanding based on their experiences,
culture, and context” (p. 7). With an intent to provide the details of their lived experiences
(Dewey, 1958), not to prove generalizability to other settings, | crafted a study that would allow
me to interpret what the teachers in my study shared with me and provide an analysis that read-

ers, too, will interpret for themselves. Further, understanding how teachers navigate their con-
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texts in schools required a lens for analyzing power. Critical theorists share interpretivists’ asser-
tion that experiences shape people’s truths, impressions, and values; but their focus on power dy-
namics and inequality sets them apart (Treagust et al., 2014). Certainly Paulo Freire’s call for us
to read the word and the world remains a touchstone for contemporary critical scholarship (see
Green [2023] for a discussion of Freire in conversation with a selection of contemporary schol-
ars). Anderson (1989) illustrates that criticalists’ interpretations of social order gave rise to the
critique of the school system for its role in reproducing inequity. Thus, in conjunction with the
interpretivist paradigm, the research is also informed by critical theory.

Critical race, critical whiteness, intersectional, and postcolonial theories have been useful
in exposing how white supremacy operates through policies, procedures, norms, and discourses
in schools to ensure all students do not have opportunities to engage in culturally-affirming
school experiences, let alone science that results in changes to their communities (e.g. Castagno,
2014; Collins & Bilge, 2020; Sojoyner, 2016; Lomawaima & McCarty, 2006; Vaught, 2011). A
growing body of intersectional research shows how Black girls are precariously positioned to be
excluded from science, more so than other marginalized groups (Mensah & Jackson, 2018;
Young et al. 2017). For my study, viewing science learning as a civil right and teaching as inher-
ently political made an understanding of power necessary. I sought to understand teachers’ expe-
riences from a critical lens in a way that connects to Carlone et al.’s (2010) stance that “institu-
tional realities are so powerful because they authorize or sanction allowable practices and mean-
ings” (p. 944). Examining challenges unique to elementary science educators, Mensah (2010)
notes that social, institutional, and political agendas are not easily penetrable to teachers. Schools
are power-wielding institutions organized in a hierarchy, with power relations resulting from in-

dividuals’ positionalities (Tolbert at al., 2017).
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An intersectional view of power is relational: Power is not something a group or individ-
ual holds while others do not. Rather, “people’s lives and identities are generally shaped by
many factors in diverse and mutually influencing ways. Race, class, gender, sexuality, age, disa-
bility, ethnicity, nation, and religion, among others, constitute interlocking, mutually construct-
ing, or intersecting systems of power” (Collins & Bilge, 2020, p. 226). Collins and Bilge (2020)
illustrate four domains of power, all of which are salient to making changes in education. They
are: Structural, the arrangement and relations of a social institution such as an institution of
higher education (IHE), school district, school, or classroom; cultural, that ideas and culture in-
fluence the organization of power relations; disciplinary, how rules and regulations are put to
bear on people in discriminatory ways based on identity markers; and interpersonal, the ways in-
dividuals undergo the concurrence of these domains of power.

Critical theories shifted dominant discourses about what is studied and how in the name
of social justice. In terms of how to conduct research, qualitative epistemologies were proffered
as needed forms of representation and interpretation of social reality as early as Immanuel Kant’s
(1781) foundational model denoting researcher subjectivity as intrinsic to inquiry (Taylor, 2014).
Bogdan & Biklen (2007) describe five characteristics of qualitative research that any given study
will exhibit to some degree: It may be naturalistic, include descriptive data, center around pro-
cesses over outcomes, include inductive data analysis, and/or emphasize a concern for meaning.
While my study does not include the naturalistic characteristic because | did not seek observation
as evidence for teachers’ experiences, my study displayed the other four traits.

Quialitative research epistemologies allow for the study of beliefs, motivations, attitudes,
behaviors, feelings, and meaning making. I designed my study’s methodology to allow for an un-

earthing of teachers’ realities from a constructivist standpoint. Constructivist epistemology
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guides a breadth of methods that account for multiple realities due to the notion that individuals
actively construct their realities through interactions with others (social constructivism) and ac-
cording to their prior experiences (cognitive constructivism) (Patchen & Cox-Petersen, 2008).
For an account of the epistemological roots of constructivism by way of Piagetian philosophy,
see Staver (1986). To understand the ways the teachers in my study constructed their science
teaching, | sought their stories. | crafted a methodology reflective of each of the perspectives |
have mentioned thus far, which brings me to the justification for the narrative analysis utilized in
this study.
Participant Selection Approach

Designing the study from an asset-based approach, I held two assumptions. First, cultur-
ally relevant science instruction is taking place in some schools. Second, teacher preparation pro-
grams and in-service professional development programming from organizations with commit-
ments to social justice broadly would likely incorporate one or more culturally-affirming, asset-
based, or otherwise transformative pedagogical stance in their offerings. To increase the likeli-
hood of teachers’ practices reflecting a justice-centered approach to teaching science, | identified
prerequisite experiences | required participants to have. Conducting a purposeful sampling
method, which Miles & Huberman (1994) call criterion sampling, | reached out to networks |
knew were committed to social justice in mission and vision and had changed my teaching
and/or research practices because of my involvement in them by increasing my sociopolitical
consciousness and my capacity to facilitate students’ development of the same.

The participants’ professional development experiences also had to occur in the last five
years because | was interested in hearing from educators who were receiving professional devel-

opment that reflected the current climate in which teachers are working. The summer of 2020,
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with its uprise in public displays of hatred toward Asian Americans amid misinformation about
the Coronavirus and overdue global attention to violence against Black bodies committed by po-
lice, plus the rise of white supremacy groups emboldened by the Trump administration prompted
more school districts and businesses than ever before to express their stance; in many places one
of support for diversity, equity, and inclusion efforts. Thus, programs with no previous public so-
cial justice commitment crafted statements condemning racism and may have worked to change
the scope of their work to better address inequity. Aware the change in equity work is certainly
not a guarantee, my decision to limit professional development to no more than five years back
was made under the assumption that the program would reflect our current times and a commit-
ment to social justice.

At the same time, teacher education programs with social justice missions have existed
long before this five-year period, and educators may well have attended reputable, effective pro-
grams before that. Despite this limiting of my selection, In other words, I included the participa-
tion in a social justice-leaning professional development program, but limited my scope to those
of which I had insider knowledge rather than opening the invitation to any program that made the
same claim. This way, | would reduce the number of teachers without a stance toward culturally
relevant science teaching. At the same time, limiting the reach of my recruitment meant that | po-
tentially missed the opportunity to interview teachers who are committed to culturally relevant
science even though their teacher preparation and/or professional development came from some-
where else. | moved forward because the small sample size | sought for the study would still be
possible within the constraints | set.

To determine the number of participants needed for my study, I examined studies with a

similar scope and focus, as recommended by Onwuegbuzie & Leech (2007). My analysis
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showed a range from one to 13 participants for studies utilizing narrative interview data. In keep-
ing with the narrative tradition of relatively small sample sizes and no intent to generalize find-
ings, | sought a minimum of five participants because the majority of studies had one to five par-
ticipants. The maximum number of participants I identified was ten, and so | capped my sample
size goal at ten to be able to conduct my analysis effectively as the sole researcher. Because the
organizations provided me with a total of 558 teachers to contact, | moved forward with the re-
striction confident that | would meet my target sample size. | also drew contextual boundaries on
my search according to my interest in CRP.

While preparing selection criteria, | prioritized the original purpose of CRP: To develop a
theory of pedagogy that captured the commonalities of teachers who were successfully teaching
students of color (Ladson-Billings, 1995). Thus, the teachers needed to work in schools that
serve students of color. Ladson-Billings’ (1995) framework has been embraced and utilized in
education research and practice more commonly than other asset-based frameworks at this time.
The perception that it has become common language is a reason | structured my codebook for the
first interview around it instead of broadening my codebook to include characteristics from addi-
tional frameworks (i.e., Muhammad’s [2020] culturally and historically responsive pedagogy). |
posited CRP was likely a framework that teachers who participated in the programs | targeted
would be familiar with, and thus more likely to implement teaching that is consistent with its ten-
ets. The inclusion criteria | designed were:

1. Within the last five years from the time of data collection, the participants either earned
teaching certification through an equity-centered teacher education program, whether
bachelor’s or master’s level; or they have a record of attendance at one or more profes-

sional development sessions designed to support teachers in teaching for social justice,
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whether the professional learning experience was science-specific (i.e. a conference fo-
cused on CRP).
2. The teacher was responsible for teaching science at the time of data collection.
3. The teacher was teaching in an elementary classroom (Grades K-5) at the time of data
collection.
4. The school served students of color.
Recruitment Procedure
To recruit teachers, | emailed a study flyer (Appendix J) to the listserv of the past five
graduating cohorts of students in a Bachelor of Science in early childhood and elementary educa-
tion program and an urban accelerated certification and Master of Arts in elementary teaching
program. | also sent the flyer to the past five years of attendees to a teacher residency’s profes-
sional development programming. The college home to the certification programs and residency
states its graduates will “improve the future for those who need it most” and they will “learn to
work effectively within diverse classrooms,” offering urban school setting preparation. Course-
work includes Culture, Equity, and Responsive Pedagogy; and Science and Inquiry in Early
Childhood Education among requirements. The Master of Arts program is an alternative route to
teacher certification offered to preservice teachers who hold bachelor’s degrees in other areas.
Beliefs of the program include language around teachers’ power, children’s culture, respect for
children’s communities, and a respect for the children’s home languages that shape a mission of
developing empowered, equity-oriented teachers as change agents. The teacher residency pro-
gram associated with the same college supports teachers for three years, beginning in the final

year of their initial certification program. The residency’s goals include supporting critically con-
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scious, compassionate, skilled educators who prioritize deep joy and thriving; enacting trans-
formative learning experiences. They work with practicing educators and leaders in addition to
the three-year residency members. | also emailed the contacts in leadership positions in each of
the programs to ask if they knew anyone who would fit the criteria and/or share the flyer, but that
did not lead to any of my participants. In total, I sent the flyer to 558 teachers. Seven teachers ex-
pressed interest by filling out the Google form linked on the flyer: Three were from the teacher
residency program, and four were from the bachelor’s program. The form asked teachers to indi-
cate the professional development they attended within the last five years from a drop-down
menu of the programs I targeted. It also collected each teachers’ name, place of work, grade
level, and contact information.

One respondent was not included in the study because his professional development took
place eight years prior to the five-year cut-off; and he taught grades K-8, so he was not a class-
room teacher. Two teachers did not respond to my three attempts to schedule the first interview,
so | moved forward with four participants from the email recruitment. | personally invited an-
other teacher, Jake, who | met through doctoral coursework and fit the criteria as well. I initially
included one teacher, Jason, who was uniquely positioned in the classroom as a special education
co-teacher because he explained that he follows the same groups of students and co-teaches sci-
ence with a general education teacher. Because he was involved in the planning and implementa-
tion of science instruction, | wanted to hear more. In total, | interviewed four teachers two times
each: Their pseudonyms were Jake, Jason, Connie, Magenta. | interviewed Hannah only once.
She ended her involvement in the study after the first interview due to time constraints. | ex-
cluded Jason from the final study because | was not able to code his stories for all three dimen-

sions of CRP, and at times his talk contradicted the beliefs indicative of asset-based pedagogies.
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About the Participants

The final three participants included in the study are Connie, who responded to the flyer
sent via email to a listserv from her undergraduate teacher preparation program; Magenta, who
received the flyer from prior attendance at professional development offered by the teacher resi-
dency; and Jake, who I recruited personally due to his fit with the criteria and current enrollment
at the university. The following information was provided by the participants in their words.
Connie is an African American, bisexual female in her first full year of teaching. She teaches
fourth grade in a school serving grades Pre-K through five, serving over 800 students who are
American Indian/Alaska Native, Asian, Black, Hispanic, White, or identify with two or more
races. Jake is a Black, male, fifth grade teacher who is 27 years old, gay, and considers himself
working class though he grew up in proximity to poverty through family. His school serves just
under 400 students, who are American Indian/Alaska Native, Asian, Black, Hispanic, White, or
two or more races. Magenta is a Christian, African American, heterosexual woman, wife, and
mother in her eighth year of teaching. She teaches fourth grade at a charter school serving over
400 students who are American Indian/Alaska Native, Asian, Black, Hispanic, White, or two or
more races.
Information Needed to Conduct the Study

| explored the two research gquestions introduced above to understand how teachers navi-
gate school practices and policies to teach culturally relevant science. Table 1 shows the infor-
mation needed for the study and its alignment to my research questions and theoretical frame-
work. To answer my questions, | needed to obtain a picture of who the teachers are, their
thoughts and stance toward teaching science, and information about their school context (i.e. sig-

nature programming, staffing model, vision and mission).
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Information Needed for the Study
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Research Question

Information Needed

Data Collection

Theoretical Perspective

What does it mean for ele-
mentary teachers to teach
science in culturally relevant
ways?

What does it mean for ele-
mentary teachers to teach
science in culturally relevant
ways?

How do teachers navigate
school practices and policies
to teach science in their ele-
mentary classrooms?

How do teachers navigate
school practices and policies
to teach science in their ele-
mentary classrooms?

Demographic Data

Who are the participants?
(i.e. age, gender, pronouns,
race, ethnicity, grade level,
school, number of students,
daily schedule, prior teach-
ing experience, degrees, cer-
tifications, endorsements)

Who are the students? (i.e.
school population de-
mographics, grade levels
served, school model, staff,
etc.)

How do participants describe
their science teaching? (i.e.
What are their goals for stu-
dents? How/do they describe
student achievement, cultural
competence, critical con-
sciousness?)

What are the participants’
conceptions of knowledge,
self and others? How do they
describe social relations?
Institutional Context: School
Level

How do broader educational
narratives unfold in their
schools? How do partici-
pants describe the norms of
the school? (i.e. addressing
learning loss, early interven-
tion, accountability)

What structural barriers exist
in the space?

What affordances exist?
What practices or procedures
are connected to federal,
state and/or local policies?

Personal Data Sheet (Appen-

dix B)
School Data Sheet (Appen-
dix C)

Interviews

Texts from school websites:
mission, vision, texts aimed
to parents, handbooks
Researcher memos

Interviews

Interviews

School and district hand-
books

Education policies

Ladson-Billings (1995) CRP

Ladson-Billings (1995) CRP

Critical theory (Freire, 1972)

Critical theory (Freire, 1972)

Research Design
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| sought topical stories about teaching science in elementary classrooms, aiming for a to-
tal of two interviews as opposed to the greater number of interviews and additional forms of data
indicative of a more in-depth story such as a life history. There is no singular, correct way to ana-
lyze narrative data. In fact, Kim (2016) recommends researchers flirt with their data and avoid
working to fit their analysis into a procedural method so that researchers can consider multiple
meanings and prospects. | heeded this recommendation throughout my study, resulting in a
unique process that was iterative and non-linear. There were moments of tension from start to
finish when | had to pause and clarify my decisions or return to the original transcripts and audio
to reconsider my interpretation, a code I assigned. | conducted multiple iterations of my analysis
before deciding | had considered all the possibilities and ensured consistency across participants.
Still, 1 revisited decision-points in the research to verify subsequent steps were in keeping with
those | took earlier.

| used email to schedule the initial semi-structured interviews with teachers, and after |
met with each of them once, | uploaded Al-generated transcripts and audio and wrote memaos to
capture my interpretations of their science teaching. During the phase between the first and sec-
ond interviews, | constantly moved back-and-forth and between audio, transcripts, memos, and
the related literature. | designed the second interview protocol in response to the first interview.
After the first interview, | was working to understand the teachers’ conceptions of teaching sci-
ence: What is important to them? How do they describe and define student engagement and suc-
cess in science?

| produced multiple interpretations of many moments throughout the transcripts, so |

sought to clarify those moments. One strategy was sending the transcripts to each participant and
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asking for feedback, though no one opted to make any changes. Second, | designed the next in-
terview to elicit more stories and to breach topics that were salient to my research questions that
did not come up directly in the first interview. These included topics related to culture and social
transformation. | wondered whether it reflected the researcher-participant relationship or the
teachers’ own understandings of science education. | consulted research using vignettes or case
studies to elicit storytelling from participants during the second interview. After repeated listen-
ings accompanied by annotating and coding, | worked to reduce my data and determine the core
narratives.

Establishing core narratives was another iterative process involving several versions of
stories | found using a Three Dimensional Narrative framework (Clandinin & Connely, 2000). |
focused on moments of storytelling in each transcript and organized the stories by participant.
Still, 1 returned to the transcripts to read surrounding text throughout my analysis and production
of the final research text. Within those stories, | focused on different times, spaces, and social ac-
tors as | produced multiple versions of stories. | focused on classroom activity as a whole and in-
corporated time and sociality to provide richer description and detail surrounding the classroom
incidents. To address my second research question around navigating policy, | asked questions of
the stories: What affordances and/or constraints led to this classroom episode? What school prac-
tice or policy influenced the episode? State policy? Questioning the context of each story, | con-
sulted school and district website documents and policy documents to inform my interpretation.
Next, | wrote the core narratives for each research question and interpreted them from the lens of
my theoretical framework. In the sections that follow, | provide detailed insight into my research

process so that others may gauge the trustworthiness of my findings. The following list of steps
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summarizes my process, and in upcoming sections | share more detail about the data collection

tools, analysis, and synthesis.

1.

2.

| chose participants based on the criteria above and set up interview #1 over email.

| conducted audio-recorded, in-person, semi-structured interviews (Appendix D) with
each participant in locations chosen by the participants (i.e. coffee shop or restaurant near
their place of work).

| uploaded Al-generated interview transcripts to NVivo. During the first listen of the au-
dio, I corrected the transcripts and paused for memo-writing and annotating. Then | sent
the written files to the participants for review. Note: No participants asked me to change
either of their transcripts.

On a second listening, | coded for storied talk.

On a third listening, | characterized the entire transcripts according to codebook one, a
priori codes for CRP (Table 2).

| designed the protocol for the second interview and scheduled the second interviews
over email. Hannah declined to continue in the study, citing a busy schedule.

| conducted the second audio-recorded, semi-structured, in-person interviews (Appendix
E) in the same locations as the first.

| repeated steps 3-4. Then | isolated parts of both transcripts coded as storied talk and or-
ganized it into files by participant. (i.e. Connie’s Storied Talk)

| analyzed storied data and arranged it into individual events, resulting in events that took
place in the classroom, in the workplace, the place of a professional development experi-

ence, and elsewhere.



57

10. I analyzed events that took place in the classroom using a cross-coding analysis with the
CRP codebook in conjunction with the Three-Dimensional Narrative (Clandinin & Con-
nelly, 2000) framework. I revisited codes to confirm them, returning to transcripts as
needed. These events informed the narratives developed for research question one.

11. I wrote narratives for participants whose classroom events included all three dimensions
of CRP.

12. | returned to the storied talk data to code for constraints and affordances. | wrote memos
to describe whether the story resulted in overcoming a constraint or not overcoming it,
revisiting the original transcripts as needed.

13. I wrote memos to identify constraints and affordances stemming from practices or poli-
cies put in place at the school, district, state, and/or federal level. Those stories stemming
from policy or practice are the core stories that make up the narratives | developed for re-
search question two, following the same conceptual framework as the first: Three-Dimen-
sional Narrative (Clandinin & Connelly, 2000) and CRP (Ladson-Billings, 1995a).

14. I wrote the narrative findings for research question two and sent them to participants for
comment. No participants provided feedback for these narratives.

15. | returned to my narrative findings and considered several iterations of analysis, consider-
ing multiple organizational formats, consulting related literature, and returning to the
findings to interpret in a cyclical nature.

16. | interpreted my findings from the theoretical framework consisting of CRP (Ladson-
Billings, 1995a) and critical theory.

Data Collection
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The main type of data | sought to analyze were stories I collected via interviews. To ob-
tain interview data in storied form, | worked to create the circumstances for storytelling in con-
versational interviews. Riessman (2008) states that rather than use a particular technique to con-
duct interviews that encourage narrative accounts, researchers must loosen their control of the
direction the conversation takes and instead ask questions that leave space for participants to talk
for a lengthy amount of time in a form that is meaningful to them. The researcher should follow
the participant’s lead and explore “associations in meaning that might connect several stories”
(Riessman, 2008, p. 24). Questions beginning with “tell me...” as opposed to “share your
story...” can be more inviting to participants and remove the pressure to provide a story in an in-
terview. Because the first interview was intended for a priori analysis centered around what par-
ticipants perceived and envisioned for their science teaching, and my interest was in culturally
relevant science teaching, the guide (Appendix D) contained focus questions that were predeter-
mined. Preparing for a semi-structured interview, the questions were still intentionally open to
allow me to follow the conversation according to the participants’ lead. Per Riessman’s (2008)
recommendation, | practiced emotional attentiveness and engagement while listening to partici-
pants, allowing them to share in the ways they found meaningful.

After the first interview, | used the a priori coding results to design the second interview.
| was able to code Connie, Jake and Magenta for all three dimensions of CRP (student learning,
cultural competence, and critical consciousness), and they all provided insight about their beliefs
that aligned with the aspect of the framework that indicates teachers’ beliefs about teaching and
learning (conception of self and others, social relations, and conception of knowledge). Table 2
includes the codebook and examples from Connie’s first interview. I included Paris’ (2012) con-

ception of culturally sustaining pedagogy in the codebook because while aligned to Ladson-
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Billings’ (1995) CRP as a resource pedagogy, it differs in ways that | wanted to allow space for

in my analysis.

Table 2

Codebook for Interview One

Code

Academic
achievement

Sociopolitical
consciousness

Cultural compe-
tence

Sustaining com-
munity cultural
practices

Conception of
self and others

Social relations

Conception of
knowledge

Description

Characterizes talk about
student learning and un-
derstanding of science
content, participating in
authentic science experi-
ences

Characterizes talk about
the application of the con-
tent to problems in authen-
tic contexts; recognize, un-
derstand, and critique so-
cial inequities of students’
community and social
worlds

Characterizes talk about
students’ maintaining cul-
tural integrity

Characterizes talk about
maintaining students’ lin-
guistic or cultural practices
or sharing across differ-
ence

Characterizes beliefs about
pedagogy, students, or
community

Characterizes the teachers’
relationships with students
or classroom facilitation

Characterizes how the
teacher thinks about
knowledge and assessment

Examples- All from Connie (pseudonym)

And the project at the end is really just to see how one like if they com-
prehended the information, and two letting that their curiosity show it-
self in what they learned.

I brought it back to... if you disrupt one part of a life of a food cy- food
chain or a food web, what happens? And they know everything else falls
out of balance. So they can make more conscious decisions in their eve-
ryday life as- as humans, not just as students, to make a better world in
general but also not just be completely clueless about how our actions
and how what we do affect everything around us.

They picked a waterfall in VVenezuela. That's where he's from. So cause
he's- and he's been there, he knows it, he's seen it. So I'm not saying,
"We go to Kennesaw Mountain." He doesn't know what that is. ...my
student from Venezuela was also with my student from Colombia, and at
the top of the waterfall they had a VVenezuelan and Colombian flag...

one of my teachers had us make a non-negotiable list before we gradu-
ated...[including] things that you will never negotiate when it comes to
your teaching. So like one of mine is like, every student's home lan-
guage deserves to be shown in the classroom.

...[1]etting them go. Not really saying, "Okay, now I want you to look at
this part. This does this. Remember that. Now let's look at this part." Just
letting them see it, and seeing what questions arise, seeing what connec-
tions arise and things like that.

I want you to write down what you need to know. And then if you have
questions, please write them down.... I'll try my best to have like little
side notes with them. So | don't want to just say like, “that's not im-
portant,” because it is important. It's a question they have.

And just saying, "What- how would you? Even if you don't know. What
do you think? Cause then you might not know now but in 10 years,
you'll think back to this like, "I had this thought. Now | know this. This
is what | would do." "Okay!" And just being able to go along with life
like that and it just ugh... I love it.
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Paris (2012) posited that the term relevant inadequately captured a goal of cultural plural-
ism and held sustaining better encompasses the “valuing and maintenance of out multiethnic and
multilingual society (p. 93). Thus, I coded talk for cultural competence separately from culturally
sustaining practices.

| provided a vignette at the second interview containing an example of a science unit ex-
emplifying the dimensions of CRP in science to provide opportunities for participants to share
stories and discuss topics they had not breached or talked about in depth in the first interview.
Nathan et al. (2010) utilized fictitious vignettes in a similar fashion in their study comparing
teachers’ decisions advising fictional students in engineering. I drew from the literature on ele-
mentary students’ development of critical consciousness in science, wrote the vignette, and
shared it with a critical friend for feedback before I used it with participants (Basu & Barton,
2010; Carlone et al., 2021; Maulucci & Sullivan, 2015; Roth & Desautels, 2002 Schenkel & Bar-
ton, 2020). To elicit participants’ stories, I followed a semi-structure protocol (Appendix E)
around the vignette. The vignette is included in Appendix F.

| asked participants to share what parts of the vignette felt in tune with their teaching,
misaligned to the way they teach, and what aspirations the vignette inspired, if any. | probed to
learn about the participants’ experiences and what changes would need to happen for them to be
able to accomplish any aspirations. Next, | explain how I transcribed the interviews.
Transcribing

First, 1 uploaded the Al-generated transcript from the Otter application I used to record
the audio of each interview | conducted. | listened to the interview in regular time, pausing to
correct the errors to create a verbatim transcript and to write memos. This helped me ward off

technical threats to quality, as Poland (2003) puts it. | listened repeatedly until | was certain what
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was on the transcript accurately represented what was said, keeping lengthy turns of text in tact.
If | was unsure, | bracketed the text and wrote unintelligible. | captured interactions that were not
spoken, such as sarcasm, a motion of air quoting, and laughter, all of which convey meaning dif-
ferently than the written word by writing the action in parenthesis. | also wrote memos to capture
impressions I got of the participants at the interview. One, for example, about Connie read: “Her
voice is animated, she was smiling and talking excitedly. She even says throughout the interview
and when we said goodbye that she loves talking about science and has a passion for it” (re-
searcher memo, January 24, 2023).

While transcribing, | used punctuation that did not always indicate the dominant syntax in
the English language, but to better represent how the participant spoke. An example of this incor-
rect syntax is the use of the comma to indicate when talk extends beyond a typical number of
clauses. Instead, when participants paused their talk for a breath and started a new thought with a
conjunction, | used a period to represent the natural pause and a capitalized conjunction to repre-
sent the new thought. Many times, participants recalled accounts of dialogue from their teaching,
or talking to someone else.

When participants relayed conversations they had, | used commas and quotation marks to
represent the dialogue, as seen in Connie's excerpt below. When they were sharing thoughts, |
italicized their thinking. In both instances, participants may have used the word "like" to signal
either dialogue or thinking, so the differentiation was necessary in the transcripts. When partici-
pants restarted sentences, cutting their prior string of thought short to revise it or start over, | rep-
resented that with a hyphen. This, as well as fictionalized dialogue an example of starting a new
thought with a conjunction, appears in bold in the following excerpt from Connie's first inter-

view:
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That is amazing- That- That's where they're- That's where their brain went, which is al-

ready amazing as it is. But I'll chime in and say, "Well remember you can't do that be-

cause..." and I'll- I won't- | try not to like, tell them why. (Interview #1, January 24, 2023)
Following Poland’s (2003) recommendation, I only revised transcripts for the audience after I
completed my analysis. | chose the interview quotations and moved them into my document ap-
pearing the same way they were transcribed. Later, | revisited them and revised them for clarity
without changing the meaning. Next, | sent each corrected text transcript to the corresponding
participant to provide an opportunity for them to read over the conversation and share any clarifi-
cation or changes with me. No one opted to make any changes.
Data Management

| stored interview audio and transcripts on an external hard drive and protected any par-
ticipant-identifying information by using pseudonyms of the participants’ choice for their names
and omitting the names of college or professional development affiliations, school districts, and
schools. I uploaded the transcripts to a password protected NVivo software program and used the
tool’s coding and researcher memo capabilities for my analysis.
Quialitative Data Analysis

My coding process was two-tiered, including inductive and deductive schemas. The first
interview was designed to elicit teachers’ experiences teaching science and to identify teachers
whose teaching experience and beliefs included conceptions of culture, the potential for students
to engage in science to improve conditions around them, and prioritized science achievement in
their classrooms. Because | was interested in how teachers navigate institutional affordances and

constraints to teach with those priorities in mind, | used the first interview as a strategy for iden-
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tifying those teachers by coding for CRP using the code book shown in Table 2, above. | in-
cluded long stretches of talk in the coded references to keep the participants’ responses intact,
and my responses were included in those references. Knowing participants’ definitions and un-
derstanding of CRP would differ from the language used in the literature and from my own un-
derstandings; | used broad inclusion criteria when | assigned codes to the transcripts. By using
broad inclusion criteria, I mean | did not seek exact words or phrases (i.e. culture, sociopolitical,
excellence, achievement) when I coded from the code book.

| drew upon previous research to inform my coding schema, revisiting the transcripts, lit-
erature, and audio in a cyclical nature to draw the bounds of the seven codes. | created annota-
tions to explain why | coded references the way | did, and | recorded changes in my research log.
For example:

Revisiting Magenta's interviews- Her transcripts were already coded and I noticed a lot of

"social relations" that | needed to change from that to "conception of self and others" be-

cause social relations have to do with the children, and I coded her talk about parents in

that way. Talking about parents fits with conception of others because beliefs about com-

munity are within that. (Research log, June 12, 2023)
After coding each transcript, | revisited all the transcripts to compare the codes and search for
and resolve discrepancies. Then | paused my analysis for several days and returned to the codes
again to verify | agreed with my final analysis. During this phase, I allowed for multiple codes to
overlap.

Overlap occurred many times between the two parts of CRP: The four beliefs and the
three dimensions of instruction. This happened when Connie discussed her opinion of science

and its purpose in the classroom as well as her role in that. She also expressed her conception of
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knowledge and critical consciousness in the same reference. | included two categories within
critical consciousness: Teachers’ own critical perspectives and facilitating students’ development
of critical consciousness. According to Darling-Hammond (1995), the former is a prerequisite for
the latter.

Coding for Storied Talk

Isolating storied talk from the full transcripts demanded reflexivity. As I reviewed the
transcripts in the second phase of coding, | revisited the definition of story to ensure I included
cultural differences that appear in storytelling. | was aware that | may not use the same structures
in my speech, but | needed to recognize the participants’ ways of sharing to avoid discounting a
turn of talk erroneously. For example, Polkinghorne (1995) defines a story as “narratives that
combine a succession of incidents into a unified episode” (p. 3). The expression of stories can be
accomplished in many ways, so to include that variety, | used the term storied talk to indicate
that the turns of talk may have multiple stories within them, and they do not all follow a prede-
termined or dominant structure (i.e. beginning, middle, and end in sequential order). Polking-
horne’s (1995) definition provides a starting point for identifying storied talk, but it was im-
portant to include portions of talk that came at different points in an interview or across both in-
terviews when participants revisited the same moment. This did not always happen sequentially.
Further, as the researcher, I was part of the participants’ storytelling.

The nature of semi-structured interviewing and the techniques I used to clarify partici-
pants’ responses, probe for more details, and address my research questions meant that our con-
versations were shaped relationally. Therefore, the stories | elicited from the participants were
shaped by the exchanges throughout our interviews. The participants and | started our research

relationships with shared interests in elementary teaching and science education at minimum.
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Things we knew about one another before embarking on the research would influence a level of
comfort or openness talking about topics embedded in power dynamics such as race, sexuality,
gender, and class. For example, Connie, Jake and | were aware of one another through involve-
ment in programming offered by the university (policy courses and the teacher residency pro-
gram) that are designed to confront social justice issues in education. Knowing this could have
made participants feel at ease discussing such topics and sharing candidly. At the same time, my
identity as a straight, white female with greater years of experience in the classroom could have
caused participants to be less likely to share openly. Next | will discuss the references of storied
talk so that readers can gain understanding of the differentiation | made between the stories in-
cluded in the transcripts and the narratives in the final research text.

Table 3

Number of Coding References of Storied Talk

Participant Transcript One Transcript Two Total
Connie 14 19 33
Jake 33 24 57
Magenta 20 14 34

Using the term storied talk also adds clarity to my methodology by differentiating be-
tween the talk | elicited from the participants during the interviews (storied talk), and the written
findings, which I call narratives. As shown in Table 3 above, broken down by participant and
interview, | analyzed a total of 124 references of storied talk. The coded references contained
multiple paragraphs as opposed to a line-by-line or otherwise deductive way of coding. | share
numerical representations of the stories to illustrate the distinction between participants’ stories

as individual pieces of data and the longer narratives | produced for the final research text.
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Reisman (1993) advises researchers listen for participants’ cues to establish a narrative
from a longer transcript. | recognized entry and exit talk from my participants, but also found
them referring to earlier moments to provide more details or make connections later in the same
interview or in the second interview, meaning their stories were not told succinctly during a sin-
gle conversation in ordered fashion. Connie often began a story with a simple, “So,” or an open-
ing line introducing what her story will show before she told it. To conclude, she tended to repeat
the beginning of her story, or rephrase the subject of the narrative. Jake often opened with “I re-
member” or “One time.” He tended to end his narratives succinctly stating, “So that’s that.” I in-
cluded examples of entry and exit talk in Table 4.

Table 4

Entry and Exit Talk

Participant Entry Talk Exit Talk
Connie They were very engaged as faras  They get very engaged.
just like...
Jake One time we... So that’s that.
Magenta So, perfect example: We’re onthe  Yeah, so that was a perfect example.

water cycle right now.

These signal phrases allowed me to delineate between participants’ experiences and their talk
about the state of science instruction in their schools or districts. This was necessary when, for
example, participants would share their opinions about local legislation, or state testing emphasis

on reading and math. While those stretches of talk provided valuable contextual information and
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insight about how the teachers respond in their contexts, and why they made certain decisions, |
did not include those portions of the transcripts in the coding for storied talk.

Another type of talk | contended with throughout the transcripts characterized the teach-
ers’ pedagogical beliefs. In the initial coding for storied talk, I kept those paragraphs intact.
However, on subsequent analyses when | was working to develop core narratives, | did not in-
clude them. Those portions of talk boosted the credibility of the core narratives | crafted because
they indicated what pedagogical belief formed the basis of the resulting classroom experience
rather than if [ were to have assumed. They also informed the teachers’ alignment to the beliefs
associated with CRP.

At times, teachers shared stories from their classrooms that resonated with culturally rele-
vant instruction but stated that it took place during social studies or English language arts time in
their schedules. Because the teachers were clear that the type of learning activities did not in-
clude scientific or STEM-related understanding, but rather focused on the writing and communi-
cating of their ideas related to social justice issues, | did not include those stories in my analysis
because the teachers did not identify those activities as integral to science.

Analyzing Storied Talk

| grounded my analysis of the storied talk within a Three-Dimensional Space Narrative
Structure (Ollerenshaw & Creswell, 2002; Clandinin & Connelly, 2000), which is founded in
Dewey’s (1958) view of interaction. The structure defines three commonplaces of experience:
Temporality (past, present, and future); sociality (personal interaction); and situation (environ-
ment or place). I utilized the commonplaces to make meaning of the teachers’ experiences by, in

short, “attend[ing] simultaneously backward and forward, inward and outward, with attention to
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place(s)” (Clandinin, 2013, p. 39). The inward includes feelings, hopes, reactions, and moral dis-
positions; the outward includes environmental conditions. Avraamidou’s (2013) study provided a
helpful model for my procedure. Table 5 includes examples of my analysis procedure, codes, and
quotes for each commonplace.

Table 5

Three-Dimensional Space Analysis

Dimension Analysis procedure Sample codes

Interaction Storied talk was analyzed for Instructional activity
experiences participants
shared about interacting with ~ General planning for instruction
other people

Temporality Storied talk was analyzed for ~ Experience in elementary school
past, present, and future expe-
riences Experience in college
Situation Storied talk was analyzed for Experience in the workplace

situations in physical spaces

Temporality was salient to the study. As the findings show, had I not attended to past ex-
periences, [ would not have drawn the same conclusions about the participants’ pedagogies.
Looking back provided clarity about the present: Policy changes over time, previous experiences
in participants’ teacher development programs, prior work experiences impacting teachers’ deci-
sions, and the residual effects of policies and practices in response to the COVID-19 pandemic
were brought to the fore through the commonplace of temporality. Looking forward captured
participants’ recommendations for easing the constraints they faced. Sociality aided my analysis
of the stories by providing space to attend to the personal interactions the participants shared.
Their stories included administrators, parents, colleagues, professors, professional development

facilitators, family members, and students. Place, too, was a necessary lens for the study.
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The teachers all work in the state of Georgia, in the metro area of the same large city.
Jake and Magenta currently work in the same school district, but in two different charter net-
works. They both have experience teaching in different schools prior to their current assignments
as well. Connie works in the same district as a participant who was discontinued from the study
having demonstrated a lack of CRP. Understanding federal policies are implemented by states,
and state policies are implemented by school districts, this lens offered a dimension of complex-
ity that is necessary to consider in the study of teachers’ experiences. Further, as demonstrated
by Jake’s two workplace accounts, where children live drastically impacts the education they re-
ceive because the Tenth Amendment of the US constitution dictates state and local control of ed-
ucation policy. The phases of coding and analysis I have discussed thus far form the basis of the
narratives | present in chapter four. Next, | share how those were crafted.
Crafting Narrative Findings

After moving from transcripts filtered through the theory of CRP (Ladson-Billings,
1995), reducing data to storied talk, and applying the lens of the Three-Dimensional Space Nar-
rative Structure to those stories (Clandinin & Connelly, 2000), | began drafting my findings in
narrative form. The narratives are representations of the participants’ experiences as they re-
called from their memories and conveyed to me during our interviews, presented as my subjec-
tive interpretation through the lenses | have described and from my unique point of view as a
longtime educator and novice researcher.

To identify components of the narratives in response to the first research question, | iso-
lated the events the participants’ described that took place in their classrooms (as opposed to an-
other space in the school, their teacher preparation program spaces, professional development lo-

cations, or elsewhere). From those portions of the transcripts, I identified the stories that | coded



70

originally using the CRP codebook. Those stories with codes for student learning, cultural com-
petence, and/or sociopolitical consciousness were the portions of text that | focused on as the
core narratives that respond to the question of what it means to the participants to teach science
in culturally relevant ways.

| created an outline of each participant’s stories by naming them with short topical
phrases derived from the participants’ words (i.e. checks for understanding, personal research
projects, scientists made ice cream). Next, | rearranged those short stories in a way that would
flow for readers. I then returned to the portions of the transcript coded for participants’ concep-
tion of knowledge, self, others, and social relations to provide richer descriptions of the events
that took place by including participants’ thoughts and beliefs around their pedagogies. When a
participant shared a story from another place or time (i.e. teacher preparation course), | included
it as an anecdote in the narrative findings when it was explicitly tied to the classroom activity by
the participant. This increased the depth of the findings and added to the richness of the narra-
tives.

The process of crafting narrative findings for the second research question around navi-
gating policies and practices was similar. During this phase of analyses, | moved between the
files of storied talk and the literature to identify policies in place at the time of the story that was
shared, which often explained or informed the school level practice. Thus, whereas the findings
for research question one were restricted to classroom stories, the narratives for research question
two take place inside and outside of the classroom (i.e. at a professional development session, in
a meeting with administration). After several iterations of my organizing framework, I found that

the participants’ stories could be understood best in two categories: Surmountable constraints
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and insurmountable constraints. Thus, the findings are organized into two parts and by partici-
pant within each part.
Trustworthiness

Quantitative or otherwise positivist criteria (i.e. validity, reliability, generalizability) are
ill fit for assessing the rigor of this study. Still, qualitative research ignites a multifaceted debate
about what constitutes a high level of trustworthiness of findings. Guba & Lincoln (2005) recom-
mend researchers ask themselves, “Are these findings sufficiently authentic...that I (and research
participants) may trust myself in acting on their implications? More to the point, would | feel
sufficiently secure about these findings to construct social policy or legislation based on them?”
(p. 205). I embedded techniques for this level of security from the onset of my study: Member
checking, reflexivity, and a transparent methodology. | provide details for each of these tech-
niques in what follows.
Member Checking

The extent to which I can justify my interpretation of participants’ experiences informs
the level of trust readers can put in the findings. | engaged in member checking during and after
interviews, and upon completion of the narrative findings presented in chapter four. During the
interviews, | engaged in member checking with each participant by asking if | was understanding
correctly, pausing to share how | was interpreting what they were saying, and asking clarifying
questions (see Appendix G). The following exchange with Jake took place toward the end of our
second interview. In it, I confirm if my interpretation of a concern he was expressing about
teaching white children about social justice issues was correct:

Researcher: [Are you] questioning sort of, how do kids of different races engage with is-

sues that are focused on race?
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Jake: Mhmm. [nodding]

Researcher: If I could sum it up like that?

Jake: Yeah. Yeah. And really, white children-

Researcher: in particular.

Jake: in particular, mhmm. [nodding]

Researcher: Okay.
After | corrected the Al-generated transcripts, | sent them to the participants and invited them to
elaborate, share more, clarify, or suggest changes. No participants opted to make any changes or
additions to the transcripts. Finally, I sent the narrative findings to each participant as | com-
pleted them. One was met with great excitement at how I captured her “perfectly,” (Connie,
email exchange, July 16, 2023). Magenta and Jake offered no comment.
Reflexivity

“To be reflexive...not only contributes to producing knowledge that aids in understand-
ing and gaining insight into the workings of our social world but also provides insight on how
this knowledge is produced” (Pillow, 2003, p. 178). For this study, reflexivity conveys trustwor-
thiness by showcasing my engagement in self-reflective practices. | acknowledge my role in the
construction of the research problem, setting, and my findings. My awareness of my involvement
throughout the research means that | understand that multiple interpretations of the data are pos-
sible. A tool I used for reflection throughout the research was a researcher journal. Set apart from
my research memos and researcher log, | wrote reflectively about my involvement. Here is an
example:

| think because of our connection in [a teacher residency] and her knowledge and back-

ground in science, there's a whole assumption that [the second interview vignette] is the
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best way to teach science, even though I never said anything about the quality of this pro-

vided unit. She automatically assumed that in my mind, this is what she's supposed to do.

Or at least she believes in everything in that story that's as science should be taught. (Re-

searcher journal, May 18, 2023)

That excerpt demonstrates a time in the research process when | documented a moment when |
believed my involvement in a teacher residency the participant was involved with influenced our
conversations. The next step to addressing this influence was to bring it to a critical friend to fa-
cilitate my reflection from a critical standpoint.

A critical friend is a partner in thought. Defined on a continuum of seven dimensions (i.e.
relationship status, expertise, productivity), Stolle et al., (2018) identified vulnerability, reflec-
tion, and skepticism as three characteristics central to the effectiveness of critical friends. My
critical friend was a former elementary teacher now working in diversity, inclusion, and equity
(DEI) in the school district where two of the participants worked. At the time of our meetings,
we were in similar phases of the dissertation process, and we were both utilizing critical friends
throughout our research. We use similar theoretical frameworks and share familiarity with ele-
mentary education research. We differ from one another in racial and ethnic identity, our re-
gional upbringing, and our work experiences prior to teaching, to name a few. This critical friend
provided constructive, critical dialogue around my interpretations, questions, and concerns
throughout the research. She acted as a sounding board, often listening or reading my interpreta-
tions and speaking or writing back to me about how she received them.

Ultimately, in the example provided here, | determined the relationship was not hindering
the research but allowing me greater access to Magenta’s stories. Because we had a certain level

of rapport prior to our interviews and our connection was through professional development
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geared toward disrupting White supremacy in schools, she was able to speak freely knowing we
shared a common recognition of how schools, by way of systemic racism, harm Black and
Brown communities. At the conclusion of our final interview, she expressed a desire for more
people to “come see” (Interview #2, March 23, 2023). She explained that policymakers, in par-
ticular, may be hesitant to do so because they could be faced with the reality of their policies in
action and the need for change. Reflecting, bringing the issue to my critical friend, and reviewing
Magenta’s transcripts allowed me to make the determination that her stories provided insight to
my research questions, and my interpretation was, as Wolcott (2009) puts it, “plausible, informa-
tive, or thought provoking, [thus] the research is regarded as worthwhile” (p. 47). Another tool
for being reflexive throughout the study was my subjectivity statement, which | share next.
Subjectivity Statement

I was the “sciencey” one on the team everywhere I taught. That is part of my teaching
identity, despite my position as an elementary teacher; therefore, generalist for 13 years. It is
what Bradbury & Wilson (2020) have recognized as a “science teacher enthusiast,” an identity
that challenges dominant discourse that elementary teachers do not teach science because they
lack the content knowledge and skills to teach it. Colleagues have recognized me this way across
schools, grades, and teaching assignments from ESOL teacher to homeroom teacher to gifted
specialist. | witnessed patterns upholding science education as property at the individual level
(“science is messy”), the school level (“we teach it when those kids are pulled”), the district
level, (“we adhere to a scripted curriculum”) the state level (“we have a high college and career
ready performance index”) and federal level (“you are accountable for reading and math”). The
pervasiveness of these systems of excuses working together to marginalize students from science

drives my commitment to share stories of teachers who combat these narratives, not from the
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lens of the science enthusiast, but of the social justice science teacher. Growing up in a rural bor-
ough, I know what it is like to believe you have limited options as a student, but teachers are in
the position to ensure their students can picture themselves in science careers as much as they
can in other disciplines.

My science teacher identity was not formed in me until my final year in my undergradu-
ate teacher preparation program; it was the first time I learned science from a woman because de-
spite the dominance of women in the teaching force, all of my math and science teachers grow-
ing up were men. A white female professor taught my science methods course, shifting my
whole approach to general education to inquiry-based and science-focused. When | teach science
methods, parts of her instruction flood back to me as | provide experiences for preservice teach-
ers to engage in science, inquiry, and engineering during every session; and to reflect on the role
of science in and out of school, as far back as they can remember.

Still, 1 have a critical appreciation of my teacher training program, which also influenced
my lens for this study. A Professional Development School (PDS) model in the Northeast, it won
plenty of awards and poised me to teach all five subjects confidently my first year of teaching
and beyond. What it also did, however, was reproduce stereotypes and reinforce deficit-thinking
about students from marginalized communities, all under the guise of preparing us rural White
women to teach in “urban” schools—just in case! The message was loud and clear: These kids
will need something different. The stories | was told served as warnings. They did not provide
opportunities to recognize, analyze, understand, and resist oppressive structures in schools. |
would have benefitted from hearing from teachers working in under-resourced schools with di-

verse student populations who were successful with CRP, not just tolerance of “all students.”
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| found after moving to the South and teaching in Title | and affluent schools alike, in ur-
ban and suburban contexts with diverse student bodies, that my teacher education program failed
to help me understand the racist structures in place that allowed schools to treat children in ways
that forced them to cope with their schooling as opposed to thrive from it. What compounds the
effects of my lack of preparedness to teach for social justice is that | was constantly being
handed leadership roles, being asked to deliver professional learning to my colleagues, even in
my first-year teaching in a new state in a different region of the country. I am someone who grew
up in a rural township with a population that remains 98.6% white as of the most recent available
data. I was not someone who should have been providing professional learning in a school with
majority Black and Latino/a student bodies. My students, their families, and colleagues, espe-
cially those I met and wrote alongside at the National Writing Project’s Red Clay Summer Insti-
tute, helped me understand how racism was impacting our students, and | made the decision to
flat out disregard policies in order to better provide students what | believed they deserved. | was
not the perfect image of a social justice science teacher or the perfect culturally relevant general-
ist; 1 will always be developing no matter my role as an educator.

While my white racial identity allows me to relate to teachers of color differently than
how I may gain access to white teachers’ experiences, the relationships that were formed with
the participants and our shared goals of culturally relevant science education served as a bridge.
For too long, my identity as a social justice teacher was rooted in beliefs of equality, but no con-
crete actions were taken to address systemic inequity. | approach this work in resistance to the
policies and practices that are used to keep science white, male, and elite.

Ethics
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| took deliberate steps to minimize any potential harm to those involved in the study, re-
specting that participants put themselves in a vulnerable position by inviting me into their think-
ing, planning, teaching, and experiences. In narrative research, Clandinin (2013) explains, mini-
mizing harm involves remaining “as wakeful as we can be to who we are in the inquiry space
and to how our presence shapes spaces between us and participants” (p. 199). Further, it means
listening to participants’ stories nonjudgmentally, with care and attention to relational responsi-
bilities negotiated by us throughout the inquiry. The study was designed to prioritize the partici-
pants’ voices, experiences, and put their needs and desires before my own as a researcher. |
emailed the informed consent form (Appendix H) to participants upon inviting them to join the
study.

At each interview, I began with reconsenting orally and by obtaining participants’ signa-
tures on the consent form, reminding participants that they could withdraw at any time. Partici-
pants chose pseudonyms at the beginning of the study to ensure their confidentiality. I did not
include any identifying information such as their name, address, phone number, e-mail address,
name of school, school district, etc. in the transcripts. | did not finalize any research text without

inviting the approval of the participants.
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4 FINDINGS

Connie, Jake, and Magenta are three educators who stand up and make space for every
part of every student they teach. They encourage, inspire, challenge and nurture children so each
one knows without a doubt they can be, do and become anything. These three educators need no
convincing that every student they meet can have a future as a chemist or a biologist, and they
know there is no need to wait for high school to get started. What they do reflects what far more
students deserve than is found in schools today. What they do is courageous as the education sys-
tem is under constant surveillance and ridicule. What holds them back is not a mystery to these
educators, and they are not complacent. Connie, Jake and Magenta recognize exactly when and
how their students will be negatively impacted by legislation, district mandates, and school prac-
tices. Rather than succumb to the pressures of high stakes testing and throw their hands up in the
face of a schedule that devalues science altogether, they resist.

In this chapter, | present findings in narrative form for each research question, organized
by participant. The first research question, asking what it means for elementary teachers to teach
science in culturally relevant ways, is answered through narrative retellings of Magenta, Connie,
and Jake’s classroom stories. The second research question, addressing how participants navigate
policies and practices to teach science in their schools, is organized first into two parts and then
by participant within each part. The first part exemplifies the participants’ successes, and the sec-
ond part depicts instances when teachers did not succeed in implementing some aspect of their
pedagogies due to policy and practice constraints.

Research Question 1. What does it mean for elementary teachers to teach science in cultur-

ally relevant ways?
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Imagine a noisy space, beats in the background, maybe indoors, maybe out. It is difficult
to tell who the teacher is. The kids are the ones doing the teaching, standing in front of digital
presentations they created, or arguing about theories. It is messy. There are liquids in various
stages, posters, art supplies, exploding Cokes, large gatherings, and hollers of joy. That brief
scene could well have taken place in Connie, Jake, or Magenta’s classrooms. They share a view
of science teaching that rejects an outdated approach where teachers hold all the knowledge or
there is one set way to do an experiment. Even tests, in their classrooms, are not the sole or best
determinant of assessing students’ learning. Still, each teacher possesses unique strengths and ex-
periences that come through in their stories. To further exemplify what it means for each teacher
to teach science in culturally relevant ways, | present the following narratives of three teachers’
instructional activities and the thinking they shared around them. | conclude with a summary of
findings before moving onto the second research question.

Magenta

Magenta’s passion for teaching is palpable as stories of kids doing authentic science roll
off her tongue. When it came time to teach weather, she did not announce a page to turn to in a
textbook. She took the class outside to observe the sky, feel the temperature, and collect meas-
urements. Students made predictions, formed tentative claims, and engaged in scientific dis-
course with an increasing complexity of vocabulary and depth of questioning over time. When
they were at home during the school closures for the COVID-19 pandemic, Magenta’s scientists
made ice cream in their kitchen laboratories using ingredients she sent to them in test tubes. She
shared that when some attempts turned out more like Frosties than ice cream, they collabora-

tively made sense of their data to revise their procedures:
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And for those whose experiments failed, they were able to talk about messing up the pro-
cedure and how it skewed their data, like and they're using words like “skewing my
data,” and “I didn't get the results that I wanted,” or “my hypothesis was incorrect be-
cause | thought this, but what really happened was this.” They were able to actually own

that without me having to do so much prompting. (Interview #1, January 18, 2023)

In Magenta’s fourth-grade classroom, students are scientists. She tells them so every day, a prac-

tice that shows she recognizes their capability and potential in science. Magenta stated:

| want them to see themselves as scientists and less of rappers, entertainers, Instagram
models, whatever the media is putting in front of them. So getting away from that and

seeing yourself as a scientist, at least in this classroom. (Interview #1, January 18, 2023).

She wants to be sure her students know they have options beyond what they consume on social
media when they see people who look like them. Magenta uses technology to introduce her stu-
dents to living, working scientists who break stereotypical images of who can be a scientist. She
told her students when she introduced them to Dr. Kizzemekia Corbett, assistant professor of im-
munology and infectious diseases at Harvard who led scientists in the development of the
COVID-19 vaccine:
I'm like, look how young she is. She looks like she can be somebody Auntie. Like, she
looks like somebody. Like, look at how she's wearing her hair. Look at the way she's
wearing makeup. She's wearing nails, like she's not old. Like, you're not learning about
anybody old. Some of y'all have been to Massachusetts before where she studied. (Inter-

view #2, March 13, 2023)
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When discussing STEM contributions, Magenta encourages students to define the relevance of
the person in terms of how their work impacted the world. She recently introduced Garrett Mor-
gan, inventor of a traffic light designed to warn drivers to stop with the addition of the yellow
light. In class, she reminded her students:
I’m like, “So being born, dying, and being married are not contributions to the world of
science. So find something. Like dig deeper.” And the things they pulled up about him
were so, like a list of things, things that | had never even heard of that he did before. (In-
terview #2, March 12, 2023)
Magenta’s students demonstrate their propensity toward science as they bring ideas to the class-
room that arise outside of the school day as well.
One early morning, a student burst into the classroom excited to prove to his teacher that
he figured out what she was teaching. She said about him:
Teachers would write him off as being very aggressive and angry and easily triggered.
Like he would fight anybody. But | remember that when | was teaching water cycle, he
was paying attention, and he took interest in it because he liked to go outside. (Interview
#1, January 18, 2023)
This student had been grappling with the idea that it can be raining at his home, but dry some-
where else. While eating her breakfast, Magenta listened while he shared his story about the re-
search he continued at home. She affirmed his explanation of the material, and because Magenta
maintains high standards for her students’ scientific discourse, and she knows they will also be
tested using scientific vocabulary, she then insisted he use it:
I'm like, "Okay, well how does it work?" And he was so excited. So I'm giving him time

to like, get it out while | take the next bite. And he's like, "Well, first you got the water
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and stuff and then when the sun come out and then it's heating up the water and then it

start evaporating and stuff and then they get up there in the clouds and then the clouds be

going like this,” and I mean he wasn't using the vocabulary by far, but he was explaining
the water cycle and I'm sitting there chewing [and nodding] like, *"Mhmm, mhmm," and
he- Like when he was done, he was like, "See, so I told you I know how that stuff work!"

And I'm like, "But let's not call it that stuff. Let's call it the water cycle.” And he was like

"Yeah see, come on! Let's go outside. I'm gonna show you." (Interview #1, January 18,

2023)

She describes her teaching style like being on TMZ: Her classroom is relaxed, she is animated,
and you may find her standing on a chair. Students do the most talking, as this story demon-
strates.

Magenta prioritizes creating a safe space for students to talk about difficult topics and
gives them time and space to figure out what they believe when they are uncertain in the process
of learning something new. Rather than correct their misconceptions immediately, Magenta fa-
cilitates a scientific community of learners. She finds her students’ conversations deep and beau-
tiful. Magenta’s students critiqued science models, for example. They noticed how texts tend to
depict the solar system as though the planets are closely aligned, despite the reality of vast space
between them; and how orbital paths are misrepresented. She explained:

They're forming their own thoughts. It's not me saying, "We're teaching this and the gov-

ernment wants you to know this." That wasn't me. | would just simply say, "Hey, here's a

problem."” Or, "Have you ever thought about this?" And then go into the lesson. (Inter-

view #1, January 18, 2023)
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To encourage them to follow their own curiosities, Magenta created an ongoing assignment re-
quiring students to share research projects based on current events in STEM.

One debate the students gravitated toward was flat Earth versus round Earth; ideas
brought into the classroom by her students who had read from reputable resources like National
Geographic Kids, Doggo News, and NASA Kids and became concerned about global warming.
Magenta’s goal was for students to understand the sources of evidence and claims each “side”
makes and how they shape their arguments so that the students could draw their own conclu-

sions. In other words: Do what scientists do. An abbreviated version of her telling is as follows:

I remember we were talking about the greenhouse effect, and somebody mentioned
global warming. And we were talking about scientific debates and how scientists...do a
lot of research, but sometimes somebody's research can be undone if a fact is proven
years later or whatever. And so they got into theories and global warming and how some
scientists believe global warming is fake. And others believe that global warming is real.
But then they got into the round Earth versus flat Earth theory, and do we live in the
dome?... So [the point of the lesson was] it all depends on what that scientist believes.
Are they a dome theory scientist or are they a flat Earth or you know, the-gases-can-es-
cape type scientist? So it all depends on what you believe. And the students understood
that as: We're talking about theory....And from there, from me posing that question, the
kids are talking about all of the- anything that crosses their mind, and they- | created a
safe space for them to ask questions and talk about it, and I never confirmed or denied

what the truth is [in that moment]. (Interview #1, January 18, 2023)
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This story exemplifies Magenta’s willingness to follow her students’ lead in the classroom and
how she probed students to consider the tentative nature of science without dispelling miscon-
ceptions until students had time to consider various arguments.

Connie

Connie’s eyes lit up, and a smile spread across her face the moment she began sharing the
ways she teaches science in her 4th grade classroom. She told me time after time how much she
loves science and thinking about teaching it. To her, it is an avenue for shaping a better world.
Connie formed three non-negotiables for her teaching during her teacher preparation program: 1.
Every student’s home language deserves to be shown in the classroom. 2. Every kid has good
ideas. 3. Everyone is a nerd! To Connie, that means finding what makes a child tick, that some-
thing they are curious about that can be leveraged in science. She said:

They want to know, and the more that they know, the better the people they can be and

the less just like, confused in general that they are. And we have so many problems on

this planet that | feel like if people knew more, and if they understood more on a micro
and macro level, that we would be better just as a species to handle them and to under-

stand them, and other- understand other people. (Interview #2, March 20, 2023)
Honoring her commitments, she encourages her bilingual students to speak, read and write in
Spanish.

Not knowing the language yet herself, Connie uses a bilingual dictionary app on her
phone to bridge her understanding of what her students share in Spanish. She adapts her instruc-
tion, adjusting the pace and inserting time for multiple representations of the topic to support her
bilingual students. Connie makes time to listen her students with genuine interest even on the

most tightly scheduled days:
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[D]uring instruction if they have a connection to their life so many times they'll say, "I
have a story about that.” [l respond,] “alright, you have one minute. Tell me because we
gotta keep going, but I do want to hear what you’re saying,” (Interview #2, March 20,
2023).
Connie has seen how students respond when they are not heard, and she knows the consequences
firsthand. She shared:
[W]hen they're always shut down and [told] like, "Well, we can't talk about that," like,
"We don't have time. That doesn't have anything to do with what we're talking about.” Or
"No, you don't know how to do this yet.”
[Then] you're like, "Okay, well, I'm not going to ask anything then. I'm not gonna care
anymore. I'm just gonna do what I'm supposed to do." And some students are really good
at that. I was really good at it. Teacher said something, | wrote it down. | regurgitated it
again for the project. And | did that every year until | got to college. It was a little differ-
ent. But it was still- it was still like kind of the same, like the banking method kind of
thing, and just like, put it in and take it out. Can you take it out? Oh, you can't take it out?
That means you're not good at this. That's what that means. (Interview #2, March 20,
2023)
It is important for Connie to know her students deeply because it is from their stories that Connie
derives her curriculum, explaining:
And, like I said, just reiterating how important it is to understand your students’ lives and

using that as a base point for their curiosity, and their connections definitely makes a dif-
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ference [as far as] their comprehension and their motivation to want to know more be-

cause if it's not- If they're not connected to it, some of them will just like, "I'm not gonna

do this.” (Interview #1, January 24, 2023)

While attending a competitive cup stacking meet to watch one of her students, Connie immedi-
ately noticed the intense focus the sport demands.

Back at school, she encouraged her student to draw on the focus he demonstrated doing
something he cared greatly about when he had a difficult task in the classroom, acknowledging
her student’s strength and reminding him that he is capable. Connie also saw relevant connec-
tions to science in the experience points (XP points) that students earn while playing their video
games. XP points are not gained by winning games or beating levels, but simply playing, thus
gaining experience. She used this to help convey the ways scientists build on previous discover-
ies in a similar fashion, revising previously held knowledge claims as new knowledge is uncov-
ered. She conveyed this bridge between experiments and video games:

So teaching them, like when you're doing [experiments], it's your time to take time. Like

it's gonna take a while. You're not gonna get results right then. You may even get- come

up with nothing. So I tell them like, there's a Player One and a Player Two. Player one-
every single time they try to beat like a level...[and] it was hard the first time and then
they were like, "No I'm not gonna do it again and I'm just gonna stop.” And then player
two is like, "Well, this is hard but I'm gonna keep doing it, and keep doing it, and keep
doing it." And player two gets more experience points, and they know what those are.

(Interview #2, March 20, 2023)
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The comparison between experimenting and gaining XP points in video games helped students
understand that scientific discoveries are not necessarily linear. In addition to video games, Con-
nie embraces her students’ social media use with apps like TikTok and YouTube, even though
she is not a big consumer of content through these in her personal life.

Connie finds that five minutes is more than enough time for her to ask her students to se-
lect a science topic so she can share a short clip with them that probes their curiosity or chal-
lenges their perspectives. From there, she puts her students into position as scientists, and herself
as a guide. Connie poses real and imagined problems to her students as springboards for scien-
tific discourse. She posed situations from the video game Minecraft where they have a task and a
set list of materials; she asked students why there was frost on her car; and because her class
loves extremes, she posed a dystopian scenario that required knowledge of barometric pressure
for students to solve. Connie encourages students’ questioning and problem-posing, and includes
their concerns in her teaching:

Most of my questions start coming from after recess. I'll focus on something that they

asked me recently. So if we do the pollen thing. So if my kids come in from recess, and

they're saying especially my throat hurts, it feels like it's itchy, my- | have a headache
now, I'm sneezing all the time. So like asking, "Well, why do you why do you think your
body's reacting like that after...being outside?" And give them a little time to think about
it. If they need some prompting like, “What's changed from outside that wasn't there be-

fore? What things do you know?” ...and then start from there. (Interview #2, March 20,

2023)

Connie also utilized technology with a simulator in which students could manipulate distance,

gravitational force, and even the size of Earth, the sun, and the moon. From there, she gathered



88

students’ questions and they worked together to categorize them and associate them with scien-
tific vocabulary. When we spoke, she was planning where to go next with it, acknowledging,
“You can’t plan too far ahead” (Interview #2, March 20, 2023). This is because she elicits her
students’ responses to their learning before she plans her next steps.

One poster project Connie planned for her students was to choose a way to represent and
demonstrate the water cycle as it occurs in nature. Her story exemplifies the way her students
draw on their experiences outside of school to express their understanding:

So I had two of my students very, very excited about it because they were gonna- they

picked a waterfall in Venezuela. That's where he's from. So cause he's- and he's been

there, he knows it, he's seen it. So I'm not saying, "We go to Kennesaw Mountain." He

doesn't know what that is. (Interview #1, January 24, 2023)

Connie’s students from Venezuela and Columbia were partners. Not only did they learn about
their similarities being from neighboring South American countries, deciding to depict a water-
fall in Venezuela on their poster, but they created space for their differences, celebrating by in-
cluding both countries’ flags in their artwork. Connie learned valuable information about her stu-
dents as they orally presented their work. Seeing her students’ projects on display, her colleagues
asked if she would share the plans so they could also implement her project, and she did.

Jake

Jake was hesitant to join my study at first because he felt he did not teach science enough
in his classroom. Reassuring him that | was also interested in hearing about the constraints he
faced, he ended up deciding to share his experiences quite generously and with plenty of laughs
over coffee. Jake views science education in the elementary classroom as a social justice issue

because he understands the marginalization of people of color and women from STEM to be a
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direct result, in part, of students’ access to science experiences in their formative years. Jake de-
scribed:

| could just see when | was teaching fifth grade, how these concepts connect to the year-
long study that they do in middle school and then the year-long study that they do in high school.
It just makes me more nervous. Like, if I don't teach this stuff accurately, and make them feel
comfortable now, in day one of their seventh grade biology year then are they going to be un-
comfortable and think that they're not good at science and then it's just gonna be like not pursu-
ing higher course level sciences, like honors AP in high school, and then shy away from science-
based degrees in higher ed.? (Interview #1, February 12, 2023)

This is something Jake recalls being taught explicitly in his teacher preparation program
and is coming into realization about more and more by comparing his former and current school
contexts. At one point in his past, he found himself not teaching science at all because of time
constraints, despite being departmentalized and in charge of mathematics and science instruction
in third grade. Jake shared the following memory that caused him to change that:

...[T]he kids will go to these pep rallies and one time, a colleague was like, "You know,

like when your teachers are teaching science..." and | was- and the kids looked at me,

and | looked at them, and they looked at me, and it's just like, they were like, "Science?"

We said you know, "Pollution!" which is a third grade standard. (laughs) So it was bad,

but I bring all this up to say like, one of the things I think about was Dr. [professor from

university], she was like, "Teaching science is a social justice issue.” And | heard that and
didn't really- and thought more about it as | became that teacher who just wasn't really

teaching science, or who had to go with the flow. (Interview #1, February 12, 2023)
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This story is important because it sheds light on an experience Jake had in his past that led him to
secure access to science in a school where he perceived going with the flow meant putting it
aside. Securing access is now a prerequisite for his teaching.
Jake maintains a standard of providing evidence when students communicate scientific
thinking by probing them to consider empirical evidence, explaining:
| like to ask a lot of why questions, and how do you know? And really keep asking them
until kids provide an answer that answers it. They'll be like, "Why? Well, because |
know." It's just like, how do you know? "Because | know," and then I'll keep going. So |
do that. But then I think- I listen out for conjectures and we do a lot of like revision of
like where we are. We are a constructivist school, and so they might start like observing a
phenomenon and have immediate gut reactions about why they believe what they believe.
However, when we do experiments, we then go back and re-assess. (Interview #2, March
11, 2023)
In the same vein, Jake’s science methods professor taught him an “Activity Before Content” or
ABC strategy that he is committed to, where students observe a phenomenon prior to teaching
the scientific vocabulary so that they connect instructional material to what they have already
seen. He uses technology to facilitate phenomena observations in his classroom when firsthand
observation is not possible, but his preference is for students to gain hands-on experience. When
students show interest in a particular topic, Jake supports their curiosity by providing time,
space, and classroom materials. After building electrical circuits, for example, a handful of stu-
dents asked if they could continue testing materials for conduction during recess. Another stu-

dent worked alone:
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So they were working on that experiment and testing out which conductors...are good
and then which are not. So they have like wood, cork, foil, all of that stuff. And one of
my students asked, they were like, "Well, what else in here can we use as a conductor?" |
said, kind of like this teacher [from the interview protocol], "Well, what do you think?
How might you find that?" And so she ended up staying back in during recess and doing
her own independent study. (Interview #2, March 11, 2023)
Jake gave her time to present her findings to the class later. He recorded videos of the students
conducting their tests and talking about their findings and conjectures.
Students also use FlipGrid and Google Slides to create videos and presentations themselves. In
one example that allowed students to connect science content to their own lives, students created
presentations using similes for cells. They compared them to school, a favorite TV show, Harry
Potter, and made other literary connections.
Summary of Findings for Research Question One
For Magenta and Connie, teaching science in culturally relevant ways means expressing
scientific understanding in a way that makes sense to the child and using scientific vocabulary in
the dominant version of English. For Jake, citing empirical evidence, revising previously held
beliefs, and presenting findings are the norm. The narratives highlight the importance the teach-
ers place on students’ culture and identities: It is in Magenta’s introductions to scientists who
look and sound like her students, Connie’s strategic use of students’ home languages and out-0f-
school activities to explain science concepts, and Magenta and Jake’s insistence that students of
color especially understand STEM is an option for their futures. The teachers demonstrate their

own critical consciousness, viewing science education as a means to a better future and a right
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that they must secure in schools serving marginalized communities. Students in Connie and Ma-
genta’s classrooms were examining problems around them to varying degrees, some posed by
the teachers and other brought up by the students. Jake shared less about facilitating students’
critical consciousness, a finding that is expressed deeper in the findings for the second research
question.

Research Question 2. How do teachers navigate school practices and policies to teach sci-
ence in their elementary classrooms?

Few outside of education understand what it means to teach today. Many in education but
outside of classrooms, too, could learn a great deal from what Connie, Jake, and Magenta share
about what it takes to deliver the kind of instruction described above. They are not only skilled at
facilitating learning, but in maneuvering their environments in ways that secure opportunities for
their students. In the face of restricting education laws, one-size-fits-all district mandates, and in-
terpersonal dynamics; these educators make an immeasurable number of decisions every mo-
ment of the day with their students at the center. The stories the teachers shared were ripe with
successful attempts to adhere to policies while providing their classes with culturally relevant
science (the what and why of their pedagogies). What may be less obvious from those retellings
are the calculated ways participants managed to do so (the how). To share their moves, | present
the teachers’ narratives organized in two parts. In part one, | present moments when they stayed
true to their pedagogies in the face of a contradiction that stemmed from a practice or policy. In
part two, | shift to moments when the teachers were not able to teach in ways that were con-
sistent with their pedagogies.

Part 1. Surmountable Constraints



93

Connie.

One of the constraints Connie contends with is being observed by leadership staff. Com-
mon in schools, the intent is assumably to support teachers in achieving the aims of the school’s
instructional program. At Connie’s school, their current focus is implementing the IB PYP pro-
gram, which is an inquiry-based framework that leaves room for students to determine the direc-
tion of their learning. However, on days when district personnel or IB staff come to observe her
for programmatic aspects, Connie performs specific teaching strategies (i.e. referring to mass-
produced posters on the wall, using specific terms). On these days, she explains to her students
why things are different in her classroom. She is dressed differently, she is teaching differently
and moving more quickly through content. She explains this to students knowing the differences
in her teaching and pace will not work as well for them, and she wants them to understand why it
is happening. When those other staff leave, she can circle back and repair the lesson using strate-
gies that are more effective for her students. “Once they leave, I’ll explain it again. I’ll go over it
a little more,” she said (Interview #1, January 24, 2023).

At times, Connie’s class is behind in comparison to the school-provided pacing guide,
though the expectation is to maintain consistency in pacing among grade levels. She explained:
For the extra accommodations and the changes that | make, | don't usually involve the- my team
or my AP because... it's something that we're not not supposed to do, but we're supposed to be
doing something else or um we're supposed to be on another lesson by now. But they didn't un-
derstand, "Well, | had a train of questions that day that I couldn't just say no to. So yes, I'm a lit-
tle bit behind." ...They have a different perspective of how the classroom is going than my kids

and | do. And balancing that has been a challenge. (Interview #1, January 24, 2023)
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Connie explained to me that she is willing to take the heat from her administration if they take
issue with her changes because she knows her kids best. She has also had to reject curriculum
provided by her school to prioritize her students’ interests and reflect their experiences. She re-
lies on her students’ natural curiosities aligning with the curriculum pacing guide she is bound to,
hoping that they ask a question on the right topic at the right time so she can strategically incor-
porate it.

And if the lucky times, and this happens, | think um probably like 30% of the time, where

their- maybe 35- where their questions do align with our curriculum. And I'll say like,

"We're gonna talk about that tomorrow."” Right? "I'm like, we're gonna talk about that to-

morrow. I'm so happy that you asked." (Interview #2, March 20, 2023)

Connie’s relief mixed with excitement was audible. She strongly believes in students’ innate cu-
riosity and that the purpose of their education is to foster it toward making a difference in their
lives and futures. Another aspect of prioritizing students’ lives in her instruction involves making
changes to district curriculum.

The practice of the school district is to provide teachers with ready-to-use assessment and
instructional materials. When the school district provided a task designed to assess mastery of
fourth-grade science content standards on the water cycle, Connie asked her class outright if they
were interested in the project, and she was met with a resounding no. Instead, she pivoted to a
group project that allowed students to express their understanding, described in the first research
question finding above. Meeting the same assessment criteria by requiring students to explain a
naturally occurring instance of the water cycle using scientific vocabulary, she loosened the re-
strictions on how students expressed that requirement. This reflects Connie’s commitment to en-

suring students apply science content standards to their lives.
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At times, she substitutes a real-world example for a believable but fictional scenario. By
coming up with a scenario, Connie is navigating the constraint that the provided curriculum, at
times, lacks authentic application. She explained:

One unit that | had trouble with doing some was simple machines just because, like, |

think that was. .. very much like, this is what this is. This is what it does. This is this. But

I would give them scenarios, like, “I'm a human in 6000 BC...it's really hard for me to

carry these rocks up this hill to make my home. What thing can | make to make that work

easier?” (Interview #1, January 24, 2023)

With the practice of providing curriculum comes the practice of dictating teachers’ daily sched-
ules down to the minute. Connie’s school provides less time than she would like for science. To
get around this, she incorporates student-driven research projects that students can return to
whenever they find a spare moment. Connie shared:

| have like personal little research projects that they can do in my room. ... They just ask

me what they want to do. | have books, they can go online, just like, you figure it out.

You like, guide yourself. See what you have. Obviously they're not just like... | can pre-

sent this and it'll get an A. And it doesn't need to. Like, | just want y'all to discover things

and think about things. They love that. (Interview #1, January 24, 2023)

Another common practice with good intensions, assumably to alleviate the workload of planning
for five subject areas as generalists, Connie’s grade level team assigns a teacher to provide lesson
plans for each subject based on the district curriculum guide and materials. Connie is not as-
signed to provide science plans for her team. She provides the reading plans. The sharing of les-

son plans leads Connie to make adaptations for her students:
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The teacher who planned it, who, she has a lot less language learners in her class, a lot
more gifted students, so she can go in depth a little more and a little quicker. And my kids
they want to go in depth, but it just takes them a lot longer. So...I've been making like
guided notes for if we don't finish a slide...."So you gotta go home, answer this." Like,
"Fill in the blank for this. What do you think about this?" And still trying to include the
inquiry into, "What do you think is going to happen if you do this, this, and that?”” And
that also comes with some um like, discrepancies of if they'll do their homework when
they go home or what kind of environment they're going to when they go home. Do they
have Wi Fi when they're going home? Um. And me trying to make those accommoda-
tions as quickly as possible and as much as possible while still trying to influence- not in-
fluence but encourage that inquiry and just matching them where they are because my
kids lookin’ at TikTok 24/7. So I'm going to try and find a science TikTok video that ex-
plains this and this. (Interview #2, March 20, 2023)
Notably, Connie does not lower the expectations for her students. She adjusts to provide opportu-
nities for the students to think as deeply as the class with students who are enrolled in the gifted
and talented program at her school.
Jake
Jake compared his old school to his current school when he shared his experiences. In his
previous school, as illustrated in his narrative above, there were times when Jake followed the
norms of the school and neglected to teach science. Jake perceives this practice, namely the over-
emphasis of reading and math, to stem from the accountability era policies in place. The school

was a designated a turnaround school, one of 59 elementary schools in the state in the spring of
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2019. According to Georgia HB 338, to make the turnaround list, the school had a three-year av-
erage of 57.0 or below on the College and Career Ready Performance Index (CCRPI) (Govern-
ment’s Office of Student Achievement, 2019). He shared:
Like, we had kids who needed [Early Intervention Program (EIP) services], but because
of the schedule, they were getting pulled for reading EIP during the science block. So the
year where | was actually able to really start getting better at teaching it and had like a lit-
tle bit more time or just made the time, half of my class was in the back doing reading
stuff and they were like, "Well, they can read science articles,” and | was just like, it's not
the same. But you know, I guess it is what it is, and their argument was, their reading is
more important. Like reading instruction takes priority over the science. (Interview #1,
February 12, 2023)
Once he recommitted to his students’ right to science, Jake secured opportunities for them to en-
gage in it. Drawing from his teacher preparation program, he started then and continues to use
strategies like “speedy science” to sneak science into the day, meaning he incorporates brief
demonstrations or quick experiments.
One thing for sure is | accepted that time constraint, and really went back to what was,
what I learned in Dr. [undergraduate university professor’s] class about speedy science
lessons. So | was just like, just plan for 20 minutes. And see if you can integrate some of
this stuff, that way you can steal time from other subjects. So, accepting the schedule one,
integrating two. So like, I just realized if you put a book with anything you can get away
with calling it reading. (laughs) So, it'd be like, a three-minute read aloud...now I can
take about 20 minutes from reading and then 20 from reading plus the 20 from science is

now 40. (Interview #1, February 12, 2023)
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In his current school, Jake’s teaching team also works together to secure access to science by
providing grade-level experiences. As a practice, teaching as a grade level team activity came up
quite frequently when | talked with Jake.

In one instance, the fifth graders gathered outside to observe a demonstration of the phys-
ical change that occurs when Mentos candies are dropped into a two-liter bottle of soda. Met
with screaming, cheering and fascination from the students, Jake recalled debriefing back in his
classroom later when the excitement subsided. In keeping with the constructivist-driven vision of
this school, he gave students an opportunity to revise previously held notions about chemical and
physical changes.

At his previous school, material resources were scarce. “Georgia is one of only eight
states in the US that does not provide additional funding specifically to educate students living in
poverty” (Owens, 2022, p. 7). Jake worked with the science specialist at his school to create pro-
jects on the Donor’s Choose website, which sources funding from the public to secure materials.
The specialist was also a resource for Jake in terms of his professional development for teaching
science:

I'm not a scientist, and I'm not super big on science, and so | just like accept that and just

make whatever [I] can with it, and | would ask colleagues, too. We're, like, we have a

STEM teacher at the lab, and so | would just ask her. (Interview #1, February 12, 2023)
Jake also shared he had very little professional development dedicated to science at both schools
where he worked. He gained confidence teaching science by using prepared slideshows that in-
cluded content information because they helped him learn information prior to introducing the

topics to students.
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Magenta
The bulk of Magenta’s stories about navigating constraints successfully are, unfortu-
nately, from a time before she stopped bringing science to life in the ways she did with her stu-
dents in the past. On a positive note, it is because her current workplace has little restrictions on
what Magenta can do. Material resources are readily available, and science is built into the daily
schedule and prioritized as it is a certified STEAM school. There are two teachers in each class-
room, and they designate which subjects each teacher is responsible for planning and teaching.
Her class was nicknamed “The Class of Privilege” because of her colleagues’ perception that
they were able to do things that other classes could not. Magenta put it this way:
Her wife is an author. And she has like celebrity friends, and they would come talk to our
kids and make guest appearances and different authors of books that the class were read-
ing, they would like appear like, “Hey!” And so the kids would like, “Oh my gosh, I'm
reading your book and you're the author,” and like, making connections like, I see you.
I'm reading- you know. ...The thing was our class was “The Privileged Class” so | feel
like we were able to get away with more, if that makes sense, because we had people who
supported either me, her, or the both of us. (Interview #2, March 13, 2023).
One activity that Magenta recalls getting away with was called “On This Day in Marginalized
History.” Students chose different days on the calendar and used Google to identify a fact that
happened on that date involving someone who was Black, Latinx, Indigenous, Asian, or part of
the LGBTQ+ community. For Magenta, the times when she did her best science teaching are dis-
tinctively set in her not-so-distant past. Her focus when we talked was often about her current

workplace experiences and the differences between how she used to teach, how she would like to
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teach, and why those versions of her teaching are not coming to life today. This brings me to the
second part of findings for this question: Insurmountable constraints.
Part 2. Insurmountable Constraints
Connie
Connie has participated in mandatory trainings to implement the IB PYP program
throughout the year. Concurrently, her school district holds regular data meetings where they
bring teachers from neighboring schools together to examine their standardized test scores in lit-
eracy and math. They also provide regular professional development for teachers around literacy
and math instruction. Science is largely absent from these meetings and/or trainings, however
Connie sees connections between the way she teaches science and what she sees in the trainings
for the IB PYP program. Connie said the IB focus for this year is eliciting student questions and
using them to guide lessons. She described the action cycle component of IB as reflective of crit-
ical consciousness. During the second interview, after reading the story about a science unit in-
corporating all three dimensions of CRP, Connie explained the connections between a successful
IB unit and the vignette used in the interview. She concluded:
So then you can go on from that [student reflection on who can be in STEM and how
communities can be improved through STEM]: Well, what other ways can you work and
study to improve your community? Why did communities need improvement? What
communities don't need improvement? What communities do? Stuff like that, and you
can just go on and that takes a lot of time, which in those 180 days.... So right now, in my
head, it doesn't seem feasible, and | would love to be proven wrong. (Interview #2, March

20, 2023)
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She is stalled, however, as a second-year teacher striving to meet the demands of the IB model
within the constraints of her school.

The support for math and literacy curriculum implementation is more frequent than the
support for IB in terms of professional development and instructional coaching. Second, the cho-
sen curriculum resources are not explicitly aligned to the IB PYP program. IB PYP programs do
not provide scripted or daily lesson plans like the math and literacy resources do. Rather, they
provide approaches to teaching that are “deliberately broad, designed to give teachers the flexi-
bility to choose specific strategies to employ that best reflect their own particular contexts and
the needs of their students” (International Baccalaureate, 2019, p. 6). She said:

And the professional development that | went to for IB- I loved it so so much and at the

end of the day I, like I told my IB coordinator it was so frustrating because | know we

can't do this. (Interview #2, March 20, 2023)

Connie may not see this as feasible because the context of the IB training she received was so
different from where she works:

They showed us a school in Japan-an international school that was, had been working on

it for like I think at least five years. And they emphasized, like, every single staff member

was working hard on this for a long time to get where they are. ...And it's just so re-
stricted, I feel.... When I step away from, what [the teacher assigned to planning for sci-
ence for the grade level] planned, it's a hit or miss. Sometimes. Because either I didn't
prepare enough for it because of just time and materials and lack of knowing like, okay,
well this is my first year, how do | kind of like, guide them through this? Or it's like,

okay, they really, really like this. (Interview #2, March 20, 2023)
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When she talked more with the 1B coordinator at her school, Connie was met with validation
coupled with encouragement to attempt what she can. Parts of the second interview vignette in-
cluded inviting outside stakeholders into the classroom.

On that topic Connie responded, “See | wish I knew more about my community and
knew more like people like the local college or the scientists” (Interview #2, March 20, 2023). At
times, she has seen her school connect with the community: When the family member of a prom-
inent school board member was shot and killed, there was a brief but loud expression against gun
violence. She saw school staff come together in support of the family in many ways, “So I know
we can do it,” she said (Interview #2, Marcy 20, 2023). However, when anyone who visits the
classrooms comes through, Connie’s students become quiet and reserved; she believes they get
scared. Their visits are part of a practice of brief observations and walk-throughs of schools and
classrooms rather than opportunities to hear students’ ideas, which Connie would prefer.

Jake

Where Jake teaches currently, grade level teams to teach the same thing as one another at
the same time, though the teachers may create their own timeframes and lessons. During the
2021-2022 school year, the team moved their science instruction to the beginning of the year.
Their rationale was: With the uncertainty of the Covid-19 pandemic, it was possible they would
experience another school closure. They wanted to secure access to science materials for experi-
ments in case they would be sent home without notice to prepare again. This meant the science
standards were addressed as early in the year as possible, so once they covered all the content,
they stopped teaching science. This cease of science instruction in response to pandemic-era pol-

icies meant that students had all but forgotten taking part in science instruction in that year. That
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spring, parents of a child whose end-of-grade science test score was below the level of profi-
ciency had a conference with Jake. The child is in the gifted program at the school, so they were
surprised by her score. Jake explained:
So I was just, you know, telling them... we kind of anticipated some different scores just
because we front loaded so much. We did try and do some review, but I think it might
have been a little bit more beneficial to just teach that stuff closer to [the test]. (Interview
#2, March 11, 2023)
When planning as a team for the 2022-2023 school year, the team decided to shift their science
content nearer to the end-of-grade test to avoid the lower science scores they saw when they
taught it all at the beginning of the year.
And so that's what we're doing here. We've taught a couple of concepts. ...We're just do-
ing the units closer to the um- closer to, to the Milestones [end-of-grade test]. ... We'll be
here this week. We're finishing up social studies content. We'll go on a week-long break
and then when we come back, it'll really be a lot of science content that we'll have to get
to: Magnetism, electricity, landforms, microorganisms, physical and chemical change. So
it will be like science, science bootcamp, science university. (Interview #2, March 11,
2023)
Jake made a comparison between his previous school and his current school when he talked
about instructional decisions specifically related to breadth versus depth. Here he explains:
And so, [my current school is] predominantly white, there's a higher level of affluence,
and then there is two teachers to every single classroom. ...One of the things that we try
to stick to is depth over breadth. So we have a little bit more- We have more autonomy to

spend time on one topic, as opposed to covering a ton of different topics just to be
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through. ...This school that I'm at now is very different than the school that | was at... be-

fore | came here, where the demographics were very different. (Interview #1, February

12, 2023)

Even with the autonomy Jake recognized, the team’s decisions were based on state testing. Team
decision-making came up often in Jake’s thinking around the vignette of a culturally relevant sci-
ence unit I shared during the second interview.

As Jake took in the segment of the unit where students met scientists of diverse back-
grounds, including the racial identities of the students in the class, he paused to imagine some-
thing similar with his own students. He shared the response he received from some of his stu-
dents recently while preparing for a singing performance in honor of Women’s History Month:

So we were like, “The girls are going to be in the middle and the boys are going to be on

the side. And it's- We're gonna you know, highlight the girls,” and the [White] boys have

apparently been in the bathroom revolting, like, "We feel like we're being treated badly
because of our ancestors.” ... And | had a White, girl student who said, "I don't want to

make the boys feel bad." (Interview #2, March 11, 2023)

The connection Jake made to the interview vignette and what happened around Women’s His-
tory Month surrounded his White, male students’ perspective of learning about diverse contribu-
tions to the world of science. He said:

And so, when we do that, and they get to see the diversity, what's the interpretation? Is it

like, Oh, they're trying to efface us? Or is it like, Okay, well, you know, scientists can

look like anybody. Is it either/or or both/and, you know? | don't know. (Interview #2,

March 11, 2023)
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Jake discussed the difference between incorporating scientific issues surrounding marginalized
communities in terms of the relevance for students of color versus students who are White. He
sees the relevance and application for his Black and Brown children, but for White students, he
wondered if over-emphasizing racial disparities would be interpreted as a Black teacher just
wanting to talk about Black things. Because of the team-teaching practices at his school, Jake
also voiced a concern surrounding interpersonal dynamics because teachers have different pref-
erences for how they plan and prepare to teach.
Magenta

Recall the moment I presented earlier when Magenta’s class engaged in an exploration of
theories about Earth and global warming, topics Magenta’s students brought into the classroom
(i.e. flat versus dome). What | am about to share is a defining moment for Magenta that directly
caused her to stop the On This Day assignment, end theoretical discussions in her classroom, and
even change the way she used to connect science content to students’ lives. This moment reveals
the practices of Magenta’s leadership staff in response to a complaint from a group of her stu-
dents’ parents. Some parents called Magenta’s administrator directly and accused her of teaching
junk science after their children came home with thoughts on the theories of Earth’s surface.
Without a conversation among them, Magenta’s administration expressed to her that they under-
stood what she was doing because they knew her as an educator and trusted her judgment. In the
end, Magenta’s administration advised her to stick to the curriculum provided to appease the par-
ents. They required her to write and submit her lesson plans, including the questions she planned
to ask the students, to the gifted coordinator and principal to be approved prior to teaching.

“Don’t take it to heart,” they told her, “They’re just being parents.” Magenta said:
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I felt like that was stifling my genius.... I felt like I couldn’t really be myself as a teacher
anymore because I have people who don’t know what my teaching style is like, people
who won’t come to my classroom to observe, people who don’t know anything about me
teaching-wise trying to govern or like have a say so in what I’'m doing... And part of me
was like, I just want to be free. | want to be able to cultivate these wonderful conversa-
tions.... These are fourth graders, and we’re talking about scientific theory. So the kids
who are genuinely interested in that conversation, we had to stop it. ...And so I'm like,
“I’'m sorry, guys. We can’t talk about it.” I had to completely just shut it down. Yeah, so
it took me a while to like recuperate and jump back. (Interview #1, January 18, 2023)
Magenta was in the second year of looping with her class, having taught the same students the
entire previous school year in addition to this one, and so she believed she had established posi-
tive rapport with families and expected to be supported. Here, Magenta compares her old lesson
openings with what she does now because of what happened:
| would just simply say, "Hey, here's a problem." Or, "Have you ever thought about
this?" And then go into the lesson. Like so I looked at it- It's like attention grabber type
thing. Or like uh, you know, in lesson plans, they call it something like attention grabber
or like a brain jogger or something, like something to get their mind going. | stopped do-
ing that altogether. I no longer do that in my science instruction. I go straight into learn-
ing target, objective, essential question. ...1 no longer do that. Period. No more current
events. No more research. No more. (Interview #1, January 18, 2023)
Magenta reflected on her past association with privilege at the school, and this rule to at-
tain approval of her lesson plans prior to teaching that was imposed on her individually. Parents

had not complained about a display featuring historical contributions of people in the LGBTQ+
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community, or the project requiring students to research events to learn about marginalization.
“Like, who gets away with what? And who doesn’t?” she wondered (Interview #2, March 13,
2023). Magenta found it was possible to incorporate more conscious-raising activity in her class-
room when her co-teacher worked there. Now, every teacher on her team is new to the building.
Her class was on their third teacher in a now departmentalized format when we talked in March.
At that time, Magenta, too, was exploring strategies for leaving the school. The revolving
door of teachers put additional responsibilities in Magenta’s hands as the only steady member of
the grade level team, and thus the acting grade level chair, a position for which the school re-
quires an application process. Magenta, while preparing for her maternity leave, found herself
abruptly mentoring a student teacher, advising all the new teachers on grading policies and poli-
cies for supervising students on others’ breaks, and how to format lesson plans. “Just the basic
things to keep our day going,” she said. (Interview #2, March 13, 2023). All of this points to a
gap in support for teachers from the moment they are hired at the school, according to Magenta.
She recommends the following changes:
I would also like to see my school have an actual onboarding specialist. ...\When anybody
gets hired, whether it's a long-term sub, short-term sub, or new teacher, and you weren't
here during summer orientation- “As your onboarding specialist, I'm going to be your
mentor [for] how to be successful during this year. So that way, if you have a question
about lesson plans, you come to me. Questions about Infinite Campus, putting in grades,
taking attendance: That's my job. How to respond to angry parent emails. Come to me.
Let's formulate this email together. How to set up your classroom. Come to me. Class-
room materials. Come to me.” Like you need an actual onboarding specialist position,

somebody who can set you up for success to keep you here. Because my philosophy that
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developed over my teaching span was, teachers stay when they are supported, equipped

to do the job, and compensated fairly. (Interview #2, March 13, 2023)

Magenta recalls her first year at the school and the impact that not having a mentoring program
had on her, even though it was her third year in the profession. The assistant principal filled the
role in many ways, but as the testing coordinator for the school, support waned when the testing
seasons arrived. There is a procedure in place at the school, where leadership staff elicit teachers’
input.

Magenta, who passionately expresses the ways that supporting teachers in the way she
suggested above would allow them to implement culturally relevant science, has been advocating
for a science support position through the proper channels in the school network for some time.
She interviewed for the newly created position to no avail. In Magenta’s conception of the role,
issues deemed controversial or sensitive (i.e., those that foster critical consciousness) would be
included in the classroom because teachers would have the support from the school in shaping
their instruction. Then, if parents misunderstood the instruction, a support role would facilitate
dialogue among stakeholders and teachers.

Summary of Findings for Research Question Two

The participants in this study shared stories the shed light on practices and policies they
could navigate successfully to incorporate culturally relevant science, and those which ultimately
were not overcome. Constraints included the perceived misalignment between the school’s pro-
gramming and the curriculum resources, pacing, and assessments; a lack of time designated to
science in the daily schedule; the practice of teachers sharing planning responsibilities by sub-

ject; pressure to overemphasize reading and mathematics due to testing accountability; lack of



109

material resources; and little to no professional development in science. The participants’ strate-
gies for teaching meaningful science lessons included reteaching and repairing lessons after ad-
ministrative observations, relying on luck to follow students’ lines of inquiry, redesigning mate-
rials provided by the school district, situating content in fictional scenarios, creating space for in-
dependent research, sending classwork home, implementing quick science activities, integrating
science into other subject areas, team-teaching science with the whole grade level, obtaining ma-
terials through grant-writing, collaborating with a STEM specialist and co-teaching in a class-
room with a respected reputation.

When it came to policies and practices the teachers were not successful in overcoming,
they included a lack of support for implementing a school model that, in Connie’s eyes, allows
for the authentic application of science content. However, it is incompatible with the provided
lesson plans and observable behaviors of teachers the district uses to evaluate teachers. For Jake,
the autonomy his grade level team was given to arrange the teaching sequence of science topics
at his current school revolved around the end-of-grade testing results. He found it difficult to see
the relevance of racialized experiences from his White, male students’ perspective. Finally, for
Magenta, the handling of a parent complaint shut down several of her core instructional practices
when she was abruptly advised to stick to the book and required to turn in lesson plans for ap-
proval before teaching. On top of that, at Magenta’s school, a lack of mentoring for new teachers
added responsibilities to her workload, shifting her focus from providing her best instruction to
assisting her new grade level teammates. Finally, the participants made recommendations for ad-

dressing the constraints they experienced.
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5 DISCUSSION

This study addressed two questions: First, what does it mean for elementary teachers to
teach science in culturally relevant ways? Second, how do teachers navigate school practices and
policies to teach science in their elementary classrooms? In this chapter I discuss my interpreta-
tion and implications of the study, recommendations for future research, and limitations. This re-
search serves as a resource for other teachers who strive to teach science in affirming ways that
students connect with: The teachers in this study did not succumb to an anti-science atmosphere,
and though it can feel isolating to go against the grain, this study serves as a reminder that there
are educators in our elementary schools who are making space for memorable science experi-
ences.

It is my intent for administrators and those who support teachers at the school level (e.g.,
instructional coaches) to use these findings in conjunction with other research on the contextual
influences on elementary science (e.g., Banilower et al., 2007 Mensah, 2011; Sandholtz et al.,
2019; Upadhyay, 2009) to make better decisions, informed by teachers, about the practices in
their schools. Additionally, elementary teacher educators can draw on the findings to better pre-
pare teachers for not only the reality this study revealed but also to push for changing restrictive
school environments in advocacy work. Researchers should continue building on the body of
work that informs the teaching of non-dominant science cultures and practices and consider the
potential of vignettes. As used in my second interview protocol, they offer a springboard for
story-eliciting, and more teachers’ stories are needed. Policymakers must incorporate teachers’
recommendations into their decision-making as their insight to the consequences of education
policies alongside their students is invaluable. Finally, I express the limitations of the study, in-

cluding sample size and data sources.
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Interpretation of Findings

Connie, Jake, and Magenta’s stories beg a host of questions about the way things are
done in their schools and others like theirs: Why, if the mission is to foster STEM literacy, are
we structuring teaching in silos of reading, math, social studies, writing, and science? Why must
we sequence content around tests instead of students’ curiosity? Why do teachers feel the need to
hide their actions when they act in the interest of the learners in front of them? Why are individ-
ual teachers propping up science instruction for a whole grade level? Why must children express
their learning first and foremost by traditional testing measures? | could go on, but what is im-
portant to take away from these stories is these teachers have ideas and concrete recommenda-
tions that would allow them to teach science for social justice. | offer a critique of the practices
and policies that hindered teachers’ CRP science t0 “raise serious questions about the role of
schools in the social and cultural reproduction of social classes, gender roles, and racial and eth-
nic prejudice” (Anderson, 1989, p. 251). My analysis found the following policy-created con-
straints: (a) state policies including GA HB 1084, HB 1187, and the Georgia Standards of Excel-
lence; (b) district-mandated school programming; (c) COVID-19 response; (d) school-level
norms around co-teaching, collaborative planning, and professional development.
Teaching Science Has No Grey Area

Going through motions, complacently teaching a lesson designed by someone else, or
passively turning to science resources without an eye for how every student would internalize
that instruction does not count as teaching science for the teachers in this study. Connie, Ma-
genta, and Jake at times had to be less than their ideal teacher selves, and they do not count those
instances as teaching science. There is no grey area for them. Science must represent the kids, it

must be useful for them, it must excite them, it must be authentic, and if it is not one of those
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things; it is not teaching science. The temporal dimension of my analysis captured the teachers’
ways of being when they talked about what is or is not consistent with the kind of science teach-
ers they consider themselves to be. It was evident that their science teacher identity changed
based on the influences in their schools that either afforded or constrained their science teaching.
Their science teaching took place in certain times, places, and interactions when they were able
to be a certain kind of teacher, embodying what Moore (2008) calls a social justice science
teacher identity. Understanding that the teachers believed teaching for cultural relevance to be
subject to change is important because it underscores the influence of context on their ability to
stay true to their pedagogical beliefs and thus provide instruction that best serves their students.
When they could not, they were not teaching science as they define it. In all, when examining the
changing nature of teaching science, it is possible to identify the supports the teachers need to
prevent science from slipping away or waning in rigor or relevance.

The tentativeness of Jake’s pedagogy was rooted in his perception of what was possible
within the bounds of standardized testing. Whether a grade had an end-of-year accountability
mandate or not determined the level of depth with which he perceived he was able to cover con-
tent. Jake said this about both schools where he taught. Though he concluded his current school
would provide support, material resources, and time for him to teach CRP science, Jake hesitated
to bring up issues of marginalization in the classroom with white students because he is Black.
He viewed a focus on inequalities as more relevant when he taught Black students, and expressed
concern for white, male students’ perspectives as learners of race and gender inequality. This is
connected to Jake’s beliefs about critical consciousness, which | discuss more in a later section.
Connie, Jake, and Magenta expressed beliefs about being members of the community where they

teach, which they recognize is necessary for teaching science. However, whether they felt they
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were acting as community members varied. Connie specifically wished she was more involved
with the community outside of her school. She believes community involvement is possible and
important, but as a novice educator she has yet to find ways to make community improvements
an outcome of student learning. Further, it took a tragedy for Connie’s school to come together
around a common issue (gun violence). While it shows care to speak out against gun violence in
the wake of tragedy, asset-based pedagogies maintain communities are sources of knowledge,
joy, and pride that should also be valued by school staff and board members (Love, 2019; Moll
etal., 1992).

Magenta believed she was part of the greater school community, trusted by parents of
students she taught for multiple years. However, when the parents complained about her and
caused her administrators to require her to submit lesson plans for approval before she taught,
she shut down and no longer felt that way. When that happened, her CRP science instruction
ceased. Still, Magenta attended school sporting events, and she was there when one parent apolo-
gized to her for what happened. Magenta thanked the parent but did not open up about the impact
the turn of events had on her. Connie and Magenta’s stories indicate there are missed opportuni-
ties for school leaders to pave the way for trusting relationships and reciprocity among families
and teachers.

Science is a Path Forward

While previous research has found teachers lack sociocultural consciousness (Allen, et
al., 2017; Johnson, 2011), that is not the case for Magenta, Jake, or Connie. On the contrary, the
teachers in this study were aware not only of how science as a discipline is worthy of teaching,
but of how their students’ racial identity, home income, and housing status would make them

more vulnerable to receiving an education without attention to science at all or with instruction
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inconsistent with their lived experiences. Wallace & Brand (2012), too, found understanding ra-
cial inequities to be a prerequisite for sociocultural awareness. Further, all three participants un-
derstood how mandates in response to standardized test score discrepancies directly impacted
their students in ways that those from historically higher-scoring schools would not experience
(Brown et al., 2022; Darling-Hammond, 2010; Dunac & Demir, 2013; Robinson & Simonton,
2019; Vaught, 2011). Last, Connie, Jake, and Magenta saw the potential for students to use sci-
ence learning to create needed changes in their lives.

The participants’ classroom activities demonstrate, albeit infrequently, some opportuni-
ties for students to cultivate their critical consciousness. Connie pulling back the curtain on the
changes to her instruction on days her administrators visited her class was an invitation for stu-
dents to critique the practices of their own educational system. She also described constantly
connecting science content to the impact of the decisions humans make in their daily lives. The
way Magenta followed her students’ lead as they interrogated theories of Earth’s surface they
heard about outside the classroom gave students time and space to engage in argumentation
about a topic that mattered to them. Jake discussed some related aspects, such as (a) his adapta-
tion of teaching materials to reflect humans’ impact on the environment more directly and (b) his
desire to implement transdisciplinary instruction including mechanisms impacting historically
marginalized identity groups. However, Jake did not ultimately share stories that directly in-
cluded facilitating students' critical consciousness.

I posit the teachers’ lack of stories about students’ critical consciousness did not stem
solely from their own knowledge or beliefs; but rather their circumstances created by practices
and policies in their schools. Critical race, critical whiteness, intersectional, and postcolonial the-

ories have been useful in exposing how white supremacy operates through policies, procedures,
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norms, and discourses in schools to ensure all students do not have opportunities to engage in
culturally-affirming school experiences in general, let alone through science instruction that re-
sults in changes to their communities (e.g. Castagno, 2014; Collins & Bilge, 2020; Sojoyner,
2016; Lomawaima & McCarty, 2006; Vaught, 2011). A growing body of intersectional research
shows how Black girls are precariously positioned for exclusion from science, more so than
other marginalized groups (Mensah & Jackson, 2018; Young et al. 2017). This is not to say that
teachers who are able to implement CRP science consistently over long periods of time are not
subjected to similar constraints as the participants in my study.

However, as demonstrated in my review of literature, the majority of empirical evidence
of elementary teachers successfully facilitating students’ critical consciousness development in
science comes either from school-university partnerships where teachers have the backup of the
researcher (Carlone et al., 2010; Rivera Maulucci, 2010; Sandholtz, 2019; Valenzuela, 1999) or
they are set in out-of-school settings. This study adds to the literature by amplifying the stories of
teachers who are working in schools in conditions without that form of system backup (Pollock
et al., 2022) and who recommend staffing, professional development and curriculum changes
that are needed. It demonstrates that despite the evidence of the positive outcomes for students,
CRP science has yet to become a priority. | name and critique the specific policies and practices
that worked against the teachers in this study next.

Policies and Practices

My analysis lifted a persistent concern among proponents of asset-based pedagogy,

which is the lack of opportunities for students to develop critical consciousness. Given the on-

slaught of attacks on critical race theory and classroom censorship laws in the education policy
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sphere now, I maintain certain policies work to dampen students’ opportunities to develop criti-
cal consciousness by precise design. At the institutional level, it appears in the schools where
Connie, Jake, and Magenta worked were acting less deliberately against their students’ right to a
quality science education and more so out of ignorance or a lack of even attempting to under-
stand the way their practices unfolded with these teachers. The teachers exercised their agency
(Holland et al., 1998), adjusting and responding to students to center their learning and reflect
their lives outside of school. The data in this study points to the following policy impacts on
teachers’ critical consciousness facilitation: Georgia’s HB 1084 and HB 1178, schoolwide pro-
gramming, COVID-19 response, school-level practices around co-teaching and collaborative
teaching, and in-service teacher professional development.

State Law

Teachers concluding sociopolitical conscious-raising activities are impossible could fea-
sibly be viewed as victories for advocates of state laws that serve to limit what they can do, read,
and say in the classroom. Two laws relevant to the participants’ experiences passed in Georgia in
2022: HB 1084, the Protect Students First Act; and HB 1187, the Parents’ Bill of Rights. HB
1084 is a law prohibiting discrimination based on race that requires Local Boards of Education to
resolve complaints filed by parents, students at age of majority, or employees within a five-day
review period.

Consider Jake’s personal hesitation about how white boys would respond to too much fo-
cus on marginalized groups. Jake’s school, a charter, has one of the more explicit and strategic
equity missions of the three participants, found on the school’s website. Jake also believed he
would be supported by his administration if he were to teach students about social justice issues

in science. He referred to the CRP science vignette | showed him as the ideal, and he recognized
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the theoretical underpinnings from his teacher preparation coursework. Yet, without a model in
his school or one that reflects the racial diversity in his current classroom, Jake was concerned
students would view him as the Black teacher bringing up Black issues. He did not see the rele-
vance for white students. In addition to the need for professional development around the neces-
sity for all students to develop critical consciousness, not just students of color; Jake’s concern
signals a perception that he is at risk in his environment.

It is apparent Jake may not feel safe being a Black teacher fostering students’ critical con-
sciousness at his school. It is also problematic if Jake is the only teacher at this school engaging
students in sociopolitical consciousness-raising activities. The CRP-driven teachers in Carlone et
al.’s (2010) study received negative treatment from colleagues who did not share their teaching
philosophy and prioritized test preparation in math and reading knowing their bonuses were at
stake. Teachers in Upadhyay’s (2005, 2006, 2009) studies, too, had negative experiences with
colleagues and with students’ families. On the other hand, Magenta named the freedom she en-
joyed fostering students’ critical consciousness when she described the privilege assigned to her
and her co-teacher; the safety for her ended when parents jumped to conclusions about her teach-
ing and her administration failed to provide the necessary school leader backup (Pollock et al.,
2022).

Georgia’s HB 1187, the Parents’ Bill of Rights, is supported by those who contend the
use of critical race theory and social emotional learning indoctrinates children into believing they
are inherently racist, wanting to express non-conforming gender and sexuality, and threaten their
rights as parents to have a say in their children’s education (Foran, 2022). They claim the Su-
preme Court has not sufficiently protected their rights. Though no cases have been through the

courts yet, Magenta’s story shows us that even without lodging a formal complaint under HB
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1187 and undergoing a review process, parents can leverage their power and influence what
takes place in school. The Moms for Liberty, for example, states they are a 501c non-profit
whose mission is “to organize, educate, and empower parents to defend their parental rights at all
levels of government” with a goal to host chapters that serve as watchdogs over every school dis-
trict in the United States (Moms for Liberty, 2023). Georgia has four chapters. One of their pub-
lications is a how-to for combatting critical race theory in your child’s school district. Magenta’s
story is one that ends not only in her deciding to teach at the surface level but in her leaving the
classroom altogether in search of a position where she can support classroom teachers in the very
ways she was not supported. It can be said that both sides of the argument find common ground
in their interest in children’s” well-being; but mandating silence around race, accurate history,
and student-driven inquiry which does not shy away from so-called divisive topics is not benefi-
cial for all children. It stalls every child’s development of sociopolitical consciousness, a Civil
rights issue itself (Tate, 2001).
Schoolwide Programming

District-mandated schoolwide programming was salient to all three teachers’ science
teaching. Connie and Jake’s schools are IB programs, and Magenta’s is a STEM school. All
three participants indicated alignment between their school model and quality science instruc-
tion; but not in the delivery, which they gauged by their professional development experiences
and school level practices (i.e. team planning, co-teaching). The implementation of IB and
STEM models from the professional development to the curriculum resources to the school
schedules supported their teaching unevenly. Again, critical consciousness was most pushed

aside, but cultural competence in science was also restricted.
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Both IB and STEM programs are inquiry-driven, but without an embedded framework of
cultural relevance used at the point of implementation, the school models are insufficient for in-
stitutionalizing the cultural competence and critical consciousness. Georgia’s Standards of Ex-
cellence, which incorporate the NGSS, are aligned explicitly in the curriculum resources where
Jake, Magenta and Connie work. It seems Rodriguez (2015) was correct in stating “Unless we
take prompt and more direct transformative action, the only ones to benefit from the NGSS will
be publishing companies...” (p. 1032). While equity and diversity are addressed directly in the
case studies of the standards, professional development in the Georgia districts where the partici-
pants worked did not include an examination of those case studies that they could recall.

Equity is a foundational tenet of the missions in the school districts where the participants
in this study work. Also, Magenta is involved with a university-based teacher residency program
that held a three-day convening focused on CRP that included science-specific sessions over two
days. The same residency works with teachers in the school where Jake currently teaches, though
Jake is not directly involved in the professional development offerings. Connie perceived her
professional development offered by staff from IB, not her district, to align with her priorities for
teaching science even though it was delivered from an IB lens. Connie’s local curriculum re-
sources restricted her to the point where she and her instructional coach both understood she was
incapable of implementing the aspects of IB that most supported students’ critical consciousness.
This research shows even when the programming of a school is compatible with the teachers’
pedagogies; the implementation is hindered by procedures and practices at the school, though

well-intentioned they may be. Adopting a program does not guarantee science will be taught in
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culturally relevant ways, but it is positive that each of the participants found connections and rec-
ognized what would need to change for them to stay truer to authentic science even through the
IB or STEM frameworks.

School-Level Practices

Collaborative planning, co-teaching, and grade-level decision-making in general served
as supports for Magenta and constraints for Jake and Connie. Simply serving on a grade level
team with shared decision-making, assigned responsibilities for planning each subject, and even
co-teaching responsibilities did not equate to support for their science teaching. Research sup-
ports that teachers find agency in interactions, thus working with colleagues can be an avenue for
improving science (Maulucci et al., 2015; Rivera Maulucci, 2010). Magenta’s story showed how
co-teaching served as a support for fostering critical consciousness in the past, but she lost that
form of backup (Pollock et al., 2022) when her teaching team changed as teachers left the grade
level and school.

Magenta was put into a position to lead new teammates in skills and procedures. As dis-
cussed, she halted any facilitation of critical consciousness after the incident with parents, mean-
ing her new team of teachers was left without a teacher-leader in that dimension. Jake sought as-
sistance from the STEM specialist in the past, though his focus was more on securing students’
access to science in general, not criticality or cultural competence. All three teachers spoke of
departmentalized planning even though each of their school models embraces transdisciplinary
learning.

Jake did not describe culturally relevant science plans, ideas, or lessons coming from his
current teaching team. On the contrary, they focused their decision-making on standardized sci-

ence test scores. Connie was not in charge of the science lesson plans for her team, so she
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worked to modify what her colleague provided, which made it difficult for her to receive and edit
in time to use with students in culturally relevant ways. Given the research showing how rare it is
to see critical consciousness being developed in students through science in elementary school
classrooms, it is not surprising that Jake, Connie, and Magenta were at times the sole teachers on
their grade levels with the knowledge and desire to implement it.
Inservice Teacher Professional Development. Overall, none of the participants articulated a
strong, positive connection between teaching science and the professional development at their
schools. While this study did not collect data directly from professional development materials or
observations, the teachers’ perceptions of their experiences translate directly into their practice,
and their stories reflect that. Lee & Buston (2010) offer an explanation for what the data from
this study shows, which is that professional development for teachers traditionally does not in-
clude cultural considerations alongside other foci (i.e. content knowledge, curriculum adaptation,
inquiry-based instruction) (Brown & Crippen, 2016). The teachers struggled to recollect a sci-
ence-specific professional development experience offered at their schools at all. Elementary
teachers historically have had to seek science professional development outside their school dis-
tricts (NASEM, 2018). Given the adoption of inquiry-based teaching models like IB and STEM,
and their potential to support scientific inquiry, it makes perfect sense to bolster the science-spe-
cific professional development in schools.
COVID-19 Response

Connie and Jake’s narratives show how the residual effects of the COVID-19 pandemic
closures, virtual instruction, and reopening are at work today in ways that maintain pre-COVID

inequities by continuing to overemphasize standardized testing, thus impacting the quality of sci-
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ence instruction in the elementary classroom. Azevedo et al. (2022) report the available evi-
dence, mostly from wealthy countries, regarding the impact of school closures during COVID-19
indicates “low and unequal effectiveness of remote learning” (p. 434). In the three schools where
the participants worked during the closures, each school followed unique scheduling for return-
ing to school.

Connie expressed frustration at the way her school district neglected to adapt learning
goals for students after the pandemic caused them to miss school, as not all students had con-
sistent access to virtual learning during the closures. Her school district holds data meetings dur-
ing which her school’s test scores are compared to those of the neighboring school; but Connie
shared differences in the number of language learners, students in low-income households, and
those without access to internet or electronic devices. Azevedo et al. (2022) describe successful
initiatives in Kenya, Ghana, Zambia, India, and Brazil, where instruction was targeted by learn-
ing level rather than grade or age in response to differing learning levels upon returning to
school. It seems from Connie’s point of view, the interventions at her school are insufficient for
addressing the inequalities that existed prior to the pandemic, which have worsened student
learning loss for those same groups of students (Azevedo et al., 2022).

Jake’s teaching team rearranged their science content in the 2021-2022 school year in re-
sponse to the school closures, causing that year’s group of students to gain exposure to science
they would typically see in a full school year back-to-back at the start of the year. Recall his
story about low science test scores that year, which Jake’s team then attributed to the length of
time between teaching and testing rather than examining the quality of instruction that may have

led to a lack of retention. Rose & Martin’s (2005) finding from a survey of 38 teachers about
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their concerns around high-stakes testing in science rings true: “Teaching to the test will domi-
nate the teaching of science in their elementary schools” (p. 351). The following school year,
Jake’s team taught science in a similar back-to-back fashion, only this time in the weeks immedi-
ately leading up to testing. “Science university” as Jake called it, is reflective of the kind of rapid
science instruction that covers breadth over depth and does little to foster students’ critical think-
ing or student-driven inquiry. It is possible the school leadership team was unaware of the teach-
ers’ plan to save science instruction for the springtime, or they agreed with the strategy because
they, like Connie’s school, emphasize and promote test scores as their priority. However, instruc-
tional coaches would have been wise to support the teachers in using the IB model of instruction
from a culturally relevant lens so that students had the opportunity to engage in authentic, agentic
science experiences instead.
Implications
In reflecting on stories as meaning over stories as fact, what we see as important is that
the stories themselves become a piece of history, a lens through which to interpret which
features of that context have significance for the author, and in what ways and through
what connections [Personal Narratives Group, 1989] (Barton, 2003, p. 8).
Rightfully securing their place in history, this study found three elementary science teachers per-
sisting and plateauing unevenly in their efforts to teach justice-oriented science depending on the
time, space, and social interactions; all influenced by policy and school-level practices. Practi-
tioners should note how the teachers manipulated their schedules, revised provided curriculum,
and provided opportunities for students to express criticality as inspiration for navigating the
constraints in their own schools. Teacher leadership and instructional support staff should focus

on the restricting aspects of practices the teachers shared and work to arrange their professional
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development, school schedules, and community involvement in ways that allow a clear path for
culturally relevant science, driven by not only what the teachers in this study have recommended,
but also by seeking recommendations from the teachers in their schools. Policymakers, under-
standing what teachers recommend toward this aim, should de-emphasize singular determinants
of student learning and secure opportunities for teachers to implement varied forms of assess-
ment. | discuss these implications in the sections that follow.
Inservice Teacher Professional Development

These stories resonated with me as a sixteen-year elementary educator who, like Connie,
Magenta, and Jake, often felt the kind of support | was offered was misaligned to what my stu-
dents or I could use. The supports were the same for everyone; yet the teachers in this study
show one size does not fit all. The supports Magenta described are different from what Connie
requested; they are seven years apart in experience. There is no doubt these teachers have solid
knowledge about strong science teaching and further, they are able to identify goals for them-
selves. Instead, yearly goals are often identified and even quantified by leadership teams who
then use observation tools to identify areas of growth and subsequent professional learning expe-
riences. | do not believe observation checklists or rubrics are inherently bad; however, flexibility
and diversity in what it looks like and sounds like to teach should be part of an evaluators’ exper-
tise. | propose a change in inservice teacher professional development and support that prioritizes
students’ access to culturally and linguistically affirming instruction before all else, followed by
an examination of the school model chosen to support equitable science opportunities, and then
time and support for adapting curriculum resources to support critical consciousness through in-

terdisciplinary study.
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Time and attention to identifying sociopolitical issues related to the science content the
teachers are responsible for teaching at their grade level would serve Jake and Connie, who indi-
cated a need in that area. Dunac & Demir (2017) proposed a model for teacher preparation inte-
grating critical race theory and culturally relevant pedagogy with pedagogical knowledge, con-
text knowledge about students and school, and subject matter knowledge. It is a digestible fram-
ing such as theirs that could support teachers in their efforts to organize their thinking and plan-
ning across theory and practice.

This shift in professional development points to a need for teacher leaders, administra-
tors, district leaders, and those in classroom support positions to have a deep understanding of
the justice-oriented, culturally relevant, culturally sustaining, etc. pedagogies | referred to in the
review of literature. Since it is not the norm, those in leadership positions will also likely need
professional development around these ideas. A collaborative learning setting such as a profes-
sional learning community (PLC) could facilitate ongoing learning for staff in any position in the
school district. It is important for all school staff to share in the mission of educating students
from an equity viewpoint to secure that right for students. This also means making it clear to
teachers that curricular resources are not provided to them with the expectation that they follow
them like a script.

Rather, they can be rearranged, augmented, and used in ways that best serve students.
School leaders must not continue to create conditions where students are forced to secure experi-
ences with science during their recess or other free time. It should be part of their time at school
by design. Jake and Connie’s students took it upon themselves to secure time in their school day
when they could engage in science. Jake’s students chose science during recess; Connie’s

worked in any spare time on personal research projects. She also sent home any science work
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students were unable to complete during the school day. The intention on the teachers’ parts
were good, of course. They were agreeing to allow students to give up their free time or put in
more time at home because they were restricted by the schedule the leadership at the school cre-
ated. As Barton (2003) found, science for transformation is part of youth culture, and her stu-
dents, like Jake and Connie’s, insisted on participating in science. Knowing this, school leaders
have a responsibility to provide and ensure access to science so that the onus is not on the student
and his or her ability to convince the teacher to allow for science engagement during alternative
times.
Preservice Teacher Education

Elementary preservice teachers have much to learn about the art and science of teaching
reading, writing, math, science, and social studies in a relatively short amount of time. Programs
should continue to include preparing them for work in diverse classrooms with embedded (not
stand-alone) asset-based pedagogies including but not limited to CRP. Programs should incorpo-
rate learning about education policies. They should learn how to recognize practices that inhibit
teaching that resonates with diverse groups of students so that they can respond accordingly, as
the teachers in this study and others show is possible. Graduating from teacher education pro-
grams with explicitly social justice-oriented, equity-focused missions, or even those directly us-
ing asset-based pedagogies at the university level does not guarantee graduates will be equipped
to incorporate CRP in science. They should have opportunities to foster their sociopolitical
awareness of science issues in particular and be exposed to diverse ways of knowing, doing and
using science. Preservice teachers should also engage in conversations about identity and rela-
tional power dynamics so that they know the importance of critical consciousness for everyone,

not only marginalized groups; thus for all teachers, not only teachers of color to teach. This is a
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tall order for teacher preparation programs alone; school-university partnerships should be used
as a bridge to continue learning in both spaces and support a common goal.
Policy

Leach (1980) states, “In educational planning contradictions are often recognized be-
tween the designs of national planners and the perceived interests of individuals who are the raw
materials of planners’ schemes” (p. 186). Policymakers and supporters of education laws that
genuinely serve to foster equity need to hear stories from teachers who strive to do the same but
have insider knowledge about how legislation effects their ability to teach. Georgia’s HB 1084
and HB 1178 are not unique to Georgia. They are reflective of a national campaign to uphold
current structural inequalities benefitting dominant groups (Lopez & Sleeter, 2023; Lopez et al.,
2021). The verbiage on Georgia’s laws is replicated from classroom censorship policies sup-
ported by organizations of parents (and others) seeking more control over what their children
learn in school based on their own values. To counteract these efforts, encourage those in power
not to support such legislation, and invite outsiders to education into the conversation in the spirit
of knowing better to do better, teachers’ stories need to be heard.
Recommendations for Future Research

Teachers and those in positions to mandate curriculum, dictate schedules, and provide
professional development to teachers need tools and resources to strengthen the use of empower-
ing teaching frameworks. My study indicates a need for research addressing effective profes-
sional development for in-service teachers, studies on elementary classroom implementation of
culturally relevant science, and studies on effective practices of school leadership supporting im-

plementation. I proffer vignettes as a tool for professional development; call for the expansion of
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the literature on culturally relevant science with attention to cultural ways of knowing and appli-
cation of critical consciousness through science learning; and increased understanding of teach-
ers’ development of sociopolitical consciousness.
Vignette as a Professional Development Tool for CRP Science

Effective methodologies are needed to understand how professional development trans-
lates into classroom teaching. Bernabeo et al. (2013) found vignettes stimulated reflection when
they used vignettes to discuss professional ambiguity. It would be worthwhile to study the use of
vignettes as a professional development tool for culturally relevant science pedagogy in the ele-
mentary classroom. Researchers have utilized case studies in this manner in other fields, but it is
less common for educators to experience professional development using science teaching narra-
tives. A memo written while analyzing my second interview with Jake stated, “He's imagining
and storytelling a unit based on the [vignette | provided]. He has mentally imagined a new narra-
tive for his teaching, and though it's hypothetical, he's trying it out” (Researcher memo, May 16,
2023). It was an exciting moment to witness Jake coming to terms with a science unit that an-
chored students’ development of critical consciousness and what that would entail in his school.
| saw the potential for vignettes to provide a picture of what is possible for teachers to use to plan
for their own practice similar to the normal conversations heard around schools and teacher
learning communities. When a teacher asks, “How did you do it?” they are met with stories.
Studies on Culturally Relevant Science Approaches in Classroom Settings

Gloria Ladson-Billings’ latest publication, Culturally Relevant Pedagogy: Asking a Dif-
ferent Question is a “greatest hits volume” of her work (Ladson-Billings, 2021, p. vii). Part two
of the book is called “Culturally Relevant Pedagogy in Specific Subject Areas” (p. v). Notably,

science education did not earn a space in the 30-year retrospective book. Other researchers have



129

expressed that science education has been late to utilize CRP; and in consideration of the dearth
of examples teachers have access to, it is imperative that researchers continue to document suc-
cess and challenges. Connie and Jake both expressed a desire to have more examples of CRP sci-
ence. It would be especially useful to document precisely how teachers receive mandated curric-
ulum within a school model and shape it into culturally relevant science experiences for students.
It would be helpful to also document the leadership and administrative decision-making and
practices in place at the school level as they work to support all students in learning science that
is reflective of their experiences and serves to improve their surroundings. To the same aim, |
suggest increased attention to the dimension of cultural relevance in science. The overwhelming
presence of dominant ways of knowing, doing and using science serves to maintain the status
quo (Dunac & Demir, 2017).
Studies on Developing Sociopolitical Consciousness in Teachers

Research points to the influence of race, class, gender, sexual orientation, and their inter-
sections on teachers’ sociopolitical consciousness and how it informs their work with students.
An inquiry into how each of the teachers’ experiences throughout life as a bisexual, Black
woman; a gay, Black man; and a straight, African American woman informed their teaching was
beyond the scope of this research study, but it would help to inform teacher education. Addi-
tional research informing our understanding of the influence of experiences teachers have prior
to entering the classroom could shed light on what teacher preparation programs could be doing
to foster teachers’ sociopolitical consciousness. It could also inform inservice teacher profes-
sional development.

Limitations
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A limitation of this study is the relatively small sample size of three, even for narrative
research. As stated earlier, I sought up to ten participants; but was unable to secure as many who
exhibited the beliefs and dimensions of CRP as outlined by Ladson-Billings (1995a) after the
first interview within the timeframe indicated on my IRB application. Additional sampling tech-
niques, such as referrals or snowball sampling, may have increased the number. Seeking teachers
across elementary grade levels, in additional districts in Georgia, with varying years of experi-
ence, and from varying identity groups would have provided additional information about poli-
cies and how they are implemented as well.

Second, | was able to code for the beliefs and dimensions of CRP across two interviews,
however Ladson-Billings (1995a) stated teachers “demonstrated their commitment to these con-
ceptions of self and others in a consistent and deliberate manner” (p. 30). While my analysis
through the Three-Dimensional Narrative Space (Clandinin & Connelly, 2000) allowed me to
consider the teachers’ past, present, and future teaching episodes, additional interviews would
allow for a longer timeframe for understanding how plans did or did not come to fruition. Jake’s
“science university” for example, was coming up soon at his school, and it is left unknown
whether he was able to teach so many science concepts in deliberately culturally relevant ways.

Third, while two interviews were appropriate for our topical conversations around sci-
ence instruction, answering the first research question about what it means to teachers to teach
science in culturally relevant ways; observations would have allowed me to uncover richer de-
scriptions of the teachers’ pedagogies. Rather than solely relying on the teachers’ recollection, I
would have additional data to present to them and ask about in our interviews to unearth more
(i.e. material on the classroom walls, students’ materials and resources, conversations partici-

pants had with students, facilitation protocols). To be clear, | would not seek observational data
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to validate or otherwise affirm what teachers shared; | believe their stories are valid representa-
tions of their experiences. Rather, observations would provide me with points to probe for further
information and richer descriptions of their contexts.

Conclusion and Reflection

The teachers in this study expressed changes necessary for providing young children ac-
cess to the kind of science learning that has a positive impact on their lives. It is apparent that
school-level decisions and the policies that shape them are determinants for teachers’ capacity to
implement the science instruction this study sought to understand. In essence, the key takeaways
from the study point us in the direction of liberatory education. For students, that is honoring
their identities while nurturing their capacity to shape our future society, including not only the
potential for careers in STEM but also engagement in scientific discourse to make decisions
about their health, livelihoods, environment, and people around them. Truly allowing students to
engage with topics they care about, follow their curiosity, and conduct investigations using a di-
verse range of methods and inventive ways requires a shift away from telling teachers exactly
how to perform the art and science of educating children. It also requires a shift away from pre-
scribed teaching standards and pacing, dominant ways of doing science, and controlling what can
and cannot be discussed in public school classrooms.

Teachers need preparation and professional development that is culturally relevant to
them so they, too, feel what it is like to be heard, valued, and respected as capable doers and us-
ers of science. Only then are they likely to design similar learning experiences for their students.
Thus, educators and staff support in positions outside of the classroom have a duty and responsi-
bility to listen to the teachers they support if they are invested in liberatory education. Uniting

these shifts is a need to understand cultural ways of knowing and diverse ways of doing science.
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Keeping this at the foundation of what science educators and science teacher educators do should
lead to programming that supports the goals described throughout this study.

This study informed my commitments as a STEM instructional coach in an elementary
school, a researcher, and a teacher educator. | will apply the insights the participants in the study
shared with me to the practices I put in place where | work, supporting their goals rather than
dictating what they do. | commit my future research to the advancement of liberatory education
and amplification of teacher and student voices. Finally, | commit to providing preservice

teacher education that is responsive to the preservice teachers | have the privilege of teaching.
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APPENDICES

Appendix A

Study Flyer

IRB: H23251

Date Approved: 11/17/2022

DO YOU TEACH ELEMENTARY SCIENCE?

Kate Woodbridge, M.A.
Ph.D. Candidate, Georgia State University

Research Study
Opportunity

| am interested in talking to
elementary teachers to learn
how they implement science
instruction in their classrooms.

Participants will be
asked to...

* participate in an initial
interview up to one hour in
duration.

* participate in a second
interview upon request up to
two hours in duration.

* review their transcript prior
to submitting the final study.

Contact Info
| am Kate Woodbridge, a Ph.D.
candidate in Georgia State
University's Early Childhood and
Elementary Education program.

* kwoodbridgelestudent.gsu.edu
* cell: (404) 360-671

Are you
eligible?

| am seeking teachers who...

* currently teach in an
elementary classroom.

* are responsible for science
instruction.

* participated in professional
development in the past 5
years.

E#&. E. Click or scan to express interest in the study.

Sl A

https://forms.gle/w66REZn4ctz2aCL49
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Appendix B

Personal Data Sheet

About You

Name

Pronouns

Preferred method of communication
Contact information

Pseudonym

Identities

About Your Work

Grade

School

Number of Students

Class Data (numbers or percentages)
Gender

Free/reduced lunch

Racial makeup

Language

Prior Teaching Experience
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Name of School
Participant(s) at this school
Pseudonym

Grade Levels Served
Number of Students

Title 1 Status
Race/Ethnicity

Languages

Charter Status

Appendix C

School Data Sheet
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Part 1.
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Appendix D

Guide to Participant Interview #1

Consent

Thank you for your willingness to speak with me about your science teaching. | want to let you
know I’m using a service to record and transcribe our conversation today, and your name and
any identifying information will be replaced with the pseudonym you chose. Do | have your con-
sent to record? [If not, stop recording.] Thank you, and will you please sign the consent form be-
fore we begin?

This interview is designed to help me think about teaching science in from your perspective. |
appreciate you taking the time to talk to me, and if at any point you want to stop the interview or
stop recording, we will do that.

Part 2.
1.

2.
3.

Part 3.

Focus: Teachers’ Descriptions of Science Teaching Practices
Will you describe the way you teach science? (What does it look like? What are the pre-
requisites for quality units, lessons, or activities?)
What’s the reasoning behind teaching science in the particular way you teach it?
Tell me about a science lesson or unit where students were really engaged. (What was the
lesson about? How did you facilitate? How did they respond? Do you believe this exem-
plifies your teaching?)
Tell me about a lesson you taught that you think students were able to relate to science
and the ways it’s being taught. (Why did you select this?)

a. What curricular resources do you use?

b. How are you able to create activities and learning goals to make the curriculum

come alive for students?

Is there anything else you think is important to know about your students or science in
your classroom?

Focus: Constraints Teachers Face
Tell me about a time when you had to compromise what you wanted to do or how you
wanted to teach science. (How did you respondto __ ?)

a. Tell me about anything that makes teaching science in the ways you’ve described

more difficult.

Is there anything else you think is important to know about what makes it difficult to
teach science in the ways you’ve described?
What advice/strategies can you offer to teachers who want to teach science in elementary
school?
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Appendix E

Guide to Participant Interview Two

Part 1. Reconsent

Thank you for talking with me again today. I want to let you know I’m using a service to record
and transcribe our conversation today, and your name and any identifying information will be
replaced with the pseudonym you chose. Do | have your consent to record? [If not, stop record-
ing.] Thank you, and will you please sign the consent form before we begin?

This interview is designed to help me think about teaching science in from your perspective. |
appreciate you taking the time to talk to me, and if at any point you want to stop the interview or
stop recording, we will do that.

This interview is a bit different from our first one. This time, | brought a story about a science
unit to use a tool for us to talk about your teaching. You can read it once through and I'll ask you
about what aligns and/or misaligns with your teaching, and then we’ll revisit the story and talk
about aspirations and constraints.

Prompts:

First read

What parts feel in tune with your teaching?

What parts feel misaligned or counter to your teaching?

Second read
What parts excite you or make you aspire to teach in a certain way?
What would have to change in your current role for you to be able to ?

As appropriate
What connections and/or disconnections did this bring up from your own experiences? (teacher
training program, professional development, school experiences, out-of-school experiences)

Reflection on Process

How did it feel to read this story and think about your teaching?

If you were to write a story like this for your dream science teaching with no restraints, what
would that sound like?

How did it feel to come up with your own story?
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Appendix F
Interview Two Science Unit Vignette

Every afternoon in the warmer months, a class of elementary students returned for indoor learn-
ing time sweating and desperate to get cool. One such day, a group of students approached their
teacher, asking why the playground had to be so hot. The teacher returned the question, and stu-
dents began a heated discussion. Their wide-ranging arguments included anything from differ-
ences in their body temperatures, to where they were during most of their time outside, to the
temperature that day, to the lack of cloud coverage, to the absence of shade.

The teacher captured the students’ ideas and asked a new question: How can we stay cooler dur-
ing recess? Suggestions flowed: Move recess to an earlier time in the day, build a roof over the
playscape, take off jackets, send out robots with fans, cover the blacktop with white sheets, drink
something cold, and so on. The teacher made plans to move forward with a unit unifying the top-
ics of energy and heat-related health risks. The issue of study was the disproportionate impact in
low-income communities and neighborhoods with majority Black residents resulting from poli-
cies that created segregation in housing and development. Using the students’ conjectures about
what causes heat, the teacher designed science content assessments.

Students designed and conducted experiments and demonstrations supported by resources col-
lected by the teacher: Books, videos, articles, local tree ordinances, and playground blueprints.
They worked in teams and questioned each other’s methods. Students engaged in small and large
group discussion protocols for communicating evidence for their claims and using sound reason-
ing to connect them. The teacher invited a group of scientists to talk about their work using an
online service that connects classrooms to scientists. The teacher included scientists with the
same racial identity as the students and from a range of fields related to the questions students
posed. In all, they met Indigenous, Black, Latinx, Asian, and White scientists. In addition to
sharing their scientific thinking, the panel shed light on their experiences with marginalization in
the STEM field holding one or more identities of bilingual, gender non-conforming, people of
color, women, or members of the LGBTQ+ community.

A researcher from a local college visited the class to share findings about her ongoing study that
shows how hot neighborhoods around the city are throughout the day. Local county commission-
ers and structural engineers visited to answer questions about the government’s response and
plans to mitigate heat risks in the state. Students engaged in perspective-taking protocols to in-
form their stances on the issues they were studying. Responding to their designs and models,
caregivers and community members collaborated with groups of students on construction, cost,
materials, and cycles of revision in their home languages and in English.

The teacher recorded the students’ processes and decisions in preparation for presenting immedi-
ate changes to school administration: building a shade pergola, creating a weather station, and
installing their stationary bicycle-powered fan invention. They presented longer-term plans to the
school board, such as planting trees that would grow to provide shade and installing water foun-
tains outside. Each team worked collectively on certain aspects and brought individual contribu-
tions to the work as needed, such as creating a presentation about their proposed solutions using
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technology. She documented students’ understanding about each team’s related science content
and engineering practices throughout the unit with observation, portfolio, quiz, and performance
rubric data. At the end of the unit, students responded to statements that showed increased com-
petence and agency in STEM: “My ancestors, community, and | do science. Work in STEM can
improve my community.” Most importantly, their playground was better protected from heat and
the school board committed to conducting playground analyses of the heat risks at all of the
schools in the district.
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Appendix G

Member Checking During Interviews

J: Yeah-

R: Okay.

J: Especially after that conversation that | had yesterday with that student. It's like, what is the
extent to which you believe some of the things- the points that you're raising here, not neces-
sarily that they're right or wrong, it's just like, from a researcher's perspective, like here's just
what the data says. So like, when I- If | were to include that part, which I think it's relevant, am |
gonna have Kids tuning out or becoming resentful because they're like, what does this have to do
with me? And like, it's- They're not being reflected in the curriculum the same way in which it
would meet that objective for a black student, so. Yeah.

1:05:39

R: [Are you] questioning sort of, how do kids of different races engage with issues that are fo-
cused on race?

J: Mhmm.

R: If I could sum it up like that?

J: Yeah. Yeah.

1:05:52

J: And really, white children-
R: In particular.

J: in particular, mhmm.

R: Okay.
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Appendix H

Research Consent Form

Georgia State University
Department of Early Childhood and Elementary Education

Part 1. Research Description
Principal Researcher: Kate Woodbridge
Research Title: Culturally Relevant Science in the Elementary Classroom

You are invited to participate in a research study that explores your teaching experience. Your
participation in the study requires two interviews during which you will be asked questions about
your views of yourself as a science teacher and your experiences in your school. The duration of
the interviews will be up to two hours. With your permission, interviews will be audiotaped and
transcribed, the purpose thereof being to capture and maintain an accurate record of the discus-
sion. Your name will not be used at all. On all transcripts and data collected you will be referred
to only by way of pseudonym. Lastly, it will be important that the research text produced as a re-
sult of the study accurately represents your story. | will ask you to read texts as they are pro-
duced and before finalizing them to gather your feedback and make revisions.

This study will be conducted by the researcher, Kate Woodbridge, a doctoral candidate at Geor-
gia State University. Interviews and conversations will be undertaken at a time and location that
is mutually suitable.

Risks and Benefits
This research will hopefully contribute to understanding teachers’ experiences teaching science,
so the potential benefit is the improvement of elementary teacher education.

Data Storage to Protect Confidentiality

Under no circumstances will you be identified by name in the course of this research study or in
any publication thereof. Every effort will be made that all information provided by you will be
treated as strictly confidential. All data will be coded and securely stored and will be used for
professional purposes only.

How the Results Will be Used

This research study is to be submitted in partial fulfillment of requirements for the degree of
Doctor of Philosophy at Georgia State University, Atlanta, Georgia. The results of this study will
be published as a dissertation. In addition, information may be used for educational purposes in
professional presentation(s) and/or educational publication(s).

Part 2: Participant’s Rights

Investigator’s Verification of Explanation
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I, (researcher), certify that | have carefully explained the purpose and nature
of this research to (participant’s name). He/she/they had the opportunity

to discuss it with me in detail. I have answered all his/her/their questions and he/she/they pro-
vided the affirmative agreement (i.e., assent) to participate in this research.

Date / /

Investigator’s signature:




	Elementary Teachers’ Meanings of Culturally Relevant Science and the Policies That Shape Their Practice
	Recommended Citation

	tmp.1702312311.pdf.YnBBJ

