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ABSTRACT OF THE DISSERTATION

Making Community Curricular: Designing for the Integration of

Community and Culture in Science Learning

Symone Alexandra Gyles
Doctor of Philosophy in Education
University of California, Los Angeles, 2022

Professor Kimberley Gomez, Chair

K—12 curriculum often presents science as a mundane and irrelevant subject in the lives of urban
students of color. As such, researchers have begun to investigate the use of place-based methods
to support meaningfulness and relevancy in science learning. This study provides an in-depth
examination of features of design that can be used in science curriculum to ground learning in
students’ lives and communities. Building on a funds of knowledge framework and Indigenous
models of community-based science, this qualitative investigation examined the impact of these
features of design on students’ conceptualizations of environmental and social justice issues in
their communities. By examining the development and implementation of a year-long
community-based science curriculum in one urban middle school, this study sought to illustrate
an approach to support educators who seek to make community curricular, and to connect

science concepts and learning more succinctly to the contexts of their students’ lives, knowledge,
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and experiences. Data from this dissertation revealed strategies of curricular design that embed
students’ communities and attune to their funds of knowledge as assets to the learning space,
both in written materials and dialogue structure. Additionally, findings also provided a
description of how students conceptualize and express their understandings and interpretations of
community environmental and social justice issues, and their effects, when engaging in
community-based curriculum. As the “why” regarding the use of funds of knowledge in science
has been thoroughly explored in prior research, this study sought to speak to “how” science can
be reimagined as a subject connected to students’ everyday lives and experiences through
collaborative design. As such, this study also aimed to add to the literature that redefines ideas of
what counts as scientific knowledge, and who holds scientific knowledge. Collectively, this work
provides educators with curricular and pedagogical structures and practices to ground science
learning in more meaningful and relevant contexts for urban students of color. As such, this
dissertation offers recommendations for research, practice, and design for future work that
explores the use of community-based science curricular and pedagogical strategies in urban

school settings.
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CHAPTER 1: INTRODUCTION
Framing the Issue: Disconnects in Science Education for Students of Color

As I sat in Ms. V’s seventh-grade science class, I watched as she tried to help a student
struggling to finish a worksheet on matter cycles and energy flow. Visibly upset, the student
threw down his pencil in frustration and yelled, “I don’t plan on being a scientist or teacher, so
why do I need to learn about this?” as he huffed, crossed his arms across his chest, and put his
head on his desk. With this short description, I aim to offer an illustration of a far too common
frustration students express and experience in science classrooms around the country. “How is
this relevant?” is a question asked far too often by students, but not nearly enough by teachers.
The abstract, and often dull, nature of curricular content and pedagogical practices used in
science teaching play a significant role in disengaging students, particularly students of color,
from science learning. Over the last two decades, researchers and educators have begun to
engage in many discussions around the purpose of, and student engagement in, science
education. Questions such as (a) Should science serve as a means to teach students about the
natural world?, (b) Should science serve to help students better understand their own
surroundings and environment?, (¢) What curricular designs and pedagogical practices should
teachers use to engage student prior knowledge in science learning?, and (d) How can we
reexamine current science practices and curriculum to help all students see the significance of
science outside of school contexts? have commonly been discussed among community members.

Current K—12 education often dissociates curricular content from the lived experiences of
students, leading to incorrect distinctions between students’ interpretations and understandings of
the scientific world and the social world (Davis & Schaeffer, 2019). Curriculum frequently

frames science as objective and established, with little to no room for diverse accounts and



interpretations of phenomenon. Brickhouse et al. (2000) described this system of learning as
“school science,” where content is presented in a manner that is not meaningful to many
students, as it lacks relevance and congruence to their everyday lives (Bang et al., 2010; Basu &
Barton, 2007; Davis & Schaeffer, 2019; Dillon, 2009; Gilbert, 2006; Holbrook 2008; Lee &
Fradd, 1998; Rosebery et al., 2005).

Carlone and Johnson (2007) defined school science as, “practices that imply that science
consists of narrowly defined tasks and emphasize science as a finished body of knowledge” (p.
1189). School science does not allow for varieties in approaches to learning, understanding, and
engaging in science learning (Brickhouse et al., 2000), and continuously leaves out the
experiences of historically marginalized students of color (SoC; Bang et al., 2010; Davis &
Schaeffer, 2019; Ferguson & Mehta, 2002; Kober, 2001; Lim & Barton, 2006). As a result,
school science has become a system of teaching and learning that eschews nonhegemonic funds
of knowledge (FoK) and everyday practices (Bang & Vossoughi, 2016; Emdin, 2016; Patchen &
Cox-Peterson, 2008; Philip & Azevedo, 2017; Tan & Barton, 2010), at times, even directly
contradicting the experiences and worldviews of students. Consequently, when entering school
science learning spaces, oftentimes students dismiss their cultural practices (Brown, 2019;
Emdin, 2016) and reconstruct their conceptualizations to assimilate to western ways of thinking
and knowing (Aikenhead & Michell, 2011) to succeed in school science spaces. This version of
science learning favors disconnected content over the contexts of students’ diverse experiences
through which they come to understand phenomena. Such constructions disassociate science
learning and the natural world and can lead to the alienation of SoC from engaging in scientific

instruction, discovery, and learning.



In response, researchers have argued the need for science education to move away from
the goal of simply increasing students’ sense of understanding about the natural world and
toward increasing their awareness and comprehension of environmental justice (EJ) and social
justice (SJ) related to their everyday ecological contexts (Bellino & Adams, 2017; Emdin, 2016).
Thus, science education research has begun to focus on the disconnect between science learning
and students’ everyday lives and experiences, particularly for SoC (Bang et al., 2010; Basu &
Barton, 2007; Bellino & Adams, 2017; Davis & Schaeffer, 2019). In practice, school science
fails to include students’ everyday FoK (Moll et al., 1992) and experiences to help conceptualize
scientific phenomena (Patchen & Cox-Peterson, 2008; Tan & Barton, 2010).

Current curricular standards disconnect science from daily life practice and do not
recognize nor draw upon the multiple forms of community cultural wealth students bring to the
learning environment (Y osso, 2014). As such, some researchers have argued for the reframing of
school science curriculum, concepts, and practices for immediate usefulness and local relevance
(Bouillion & Gomez, 2001; Gutiérrez & Rogoff, 2003; Roth & Lee, 2002; Tan & Barton, 2010).
As further discussed in Chapter 2, the Next Generation Science Standards (NGSS) present
ambitious and innovative benchmarks to repudiate abstraction in science learning. The standards,
however, fail to emphasize students’ present and historical cultures and communities in practice,
and do not address how science can be culturally responsive to the social contexts through which
students understand and interpret science concepts (Seimears et al., 2012).

Community-based practices have come to light as one possible solution to addressing this
concern (e.g., Aickenhead & Michell, 2011; Bang & Medin, 2010); however, these strategies
have not been thoroughly researched in urban school settings (Brkich, 2014). My research aimed

to provide an empirical example of the ways in which a codesigned community-based science

3



(CBS) curriculum, focused on investigations of socioscientific justice issues, can be designed to
use the wealth of student FoK as assets to learning, and create stronger connections between in-
and-out of school science contexts. As such, this work sought to support teacher practice by
providing structures of support in curricular and pedagogical design that assist educators in more
succinctly integrating the everyday context of their students’ lives and experiences into school
science learning. I claimed curriculum designed in these contexts should yield active
participation in school science by positioning students to “believe that their work can affect
improvements for themselves, their friends, and their families” (Reiss, 2003, p. 2). Therefore, the
following research questions guided my study:

1. Design Question: What are the features of codesigned artifacts that support the
engagement of students’ funds of knowledge in science learning?

a. How does a teacher structure dialogue to support the engagement of students’
funds of knowledge?

2. Implementation Question: How are students of color conceptualizations of
environmental and social justice issues in their everyday lives reflected during the
enactment of a community-based codesigned curriculum?

Study Purpose
This dissertation sought to explore how using a CBS framework in curriculum design can
(a) support science learning that engages students’ everyday FoK in practice, (b) support a
teacher in integrating those funds in curriculum and practice, and (c) legitimize student
knowledge and conceptualizations as they study and explain science in their own communities.
This study, conducted in Ms. V’s seventh and eighth grade “Energy and the Environment”

elective science classes (approximately 99% Black or Latinx) at The Community School
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(pseudonym) in South Los Angeles, was a practical environment to initiate this study due to the
circumstances of the school and community and the historical lack of engagement in science
learning among students. The goal of this study was to investigate how a codesigned curriculum,
in a CBS framework, can be organized to support the integration of students’ FoK in science
learning by investigating local environmental and SJ issues. I also sought to understand how,
when engaging with this designed curriculum, students conceptualized these EJ and SJ issues to
support using science to engage in sensemaking of their everyday lived experiences. Through
this effort, I endeavored to provide teachers with curricular and pedagogical strategies to position
science as a relevant and engaging subject that can be used to understand their everyday
environmental and social contexts.

Through this work, this study sought to support four major claims: (a) codesigning is a
valuable methodological approach to more clearly translate education theory into practice; (b)
codesign can support the development of curricular materials and pedagogical practices that
ground science learning in community contexts to help students better understand science
concepts and their experiences in the world; (c) students have understandings of scientific
phenomena that are not historically recognized as scientific (Emdin, 2016), but are important
sense-making resources that should be capitalized on (Irish & Kang, 2018); and (d) science, in
general and classroom science in particular, is a medium to discuss the political, social, and
environmental implications of issues of EJ and SJ, particularly among marginalized students.
These claims, grounded in the literature and based on findings from a pilot study enacted during
the early years of my research-practice partnership (RPP) with Ms. V, formed the basis of this

study’s curriculum design.



In 2019, Ms. V and I piloted the second iteration of a codesigned CBS-framed unit on air
and water pollution. Our aim was to leverage students’ FoK that we saw anecdotally, in the third
space (Gutiérrez, 2008), and occasionally in teaching and learning moments. Our codesign
efforts were organized around the belief that science should engage students in and beyond the
classroom setting and be locally situated to provide opportunities for students to use their
conceptualizations of their environment to inform learning. Findings highlighted the benefits of
inquiry-based projects to support student connections between science and their community, and
the inclusion of family and community members in learning. These findings played a significant
role in the design of the curriculum for this dissertation study.

Theoretical and Conceptual Framing

This dissertation was theoretically grounded in sociocultural theory and guided by a FoK
conceptual framework. Sociocultural theory postulates learning and development take place in
socially and culturally shaped contexts (John-Steiner & Mahn, 1996; Nasir & Hand, 2006;
Vygotsky, 1978) because of engaging in the practices of a certain community (Lee, 2008).
Operationalizing sociocultural theory as a theoretical framework, this study grounded CBS
curriculum in the nonhegemonic (or nonwestern) and noncolonial ways of knowing of students
and the local community to support diversity in science and foster equitable participation and
inclusion in science learning. The central tenets of sociocultural theory, which are further
discussed in Chapter 2, were used to address how a CBS framework can rearrange traditional
norms and practices that have enveloped science classrooms and alienate SoC in science
learning. Using this theoretical lens, I explored how CBS practices can help a teacher legitimize
students’ FoK in science learning to support their understandings and conceptualizations of both

science content and their lived experiences.



Conceptually, an FoK framework was used in this study to bound curricular design in
contexts relevant to students’ lives by connecting learning across school, home, and community
spaces (Bouillion & Gomez, 2001; Davis & Schaefter, 2019). Studies have pointed toward the
value of using students’ prior knowledge to combat a “narrow agenda that does not recognize the
lived experiences of youth living in socially and ecologically complex urban environments”
(e.g., Bellino & Adams, 2017, p. 270). An FoK framework guided my understanding of how
grounding teaching in CBS practices can cultivate connections through students’ investigations
of their own worlds.

To examine how a codesign approach can support the development of curricular features
that elicit, recognize, and affirm the lived experiences of students, and how a CBS-focused
curriculum supports SoC in using these funds of knowledge to develop conceptualize their
everyday lives, I used participant observations, researcher—practitioner meeting artifacts,
semistructured interviews, and student work artifacts. Analytically, I engaged in three rounds of
coding starting with deductive coding using a variety of codes from existing literature to generate
initial categories, followed by open coding, and then axial coding to classify these categories into
larger themes. These themes are examined in depth in Chapter 4, which evaluates features of
curricular design, and Chapter 5, which evaluates students’ conceptualizations of environmental
and SJ issues in their local community.

Assumptions

This study, as further discussed in Chapter 2, is grounded in a constructivist
epistemology. Every epistemology, or theory of learning, has particular ways of viewing and
conceptualizing knowledge and knowledge acquisition (i.e., learning; Duit, 1996). At its core,

constructivism views knowledge as ““a process of personal cognitive construction,” (Taylor,
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1993, p. 268), meaning learning is not an individual serving as a passive receiver, but instead, is
an active constructor of knowledge. As such, constructivism views learning as the reconstruction
of knowledge, rather than the transmission of knowledge (Papert, 1986). My epistemological
stance, specifically, was grounded in social constructivism, which views learning as a social,
cultural, and motivational process derived from interactions and discourse among individuals
(Atwater, 1996; Lemke, 2001), and unity and interdependence in learning and development
(Barak, 2017).

Social Constructivism guided my use of sociocultural theory as a theoretical framework,
and FoK as a conceptual framework in this study. Employing sociocultural theory, I assumed
knowledge construction is “internalized, appropriated, transmitted or transformed in formal and
informal learning settings” (John-Steiner & Mahn, 1996, p. 196); therefore, the contexts of
students’ knowledge construction of scientific phenomena in informal settings is just as relevant
as those learned in formal school settings. Additionally, using a FoK framework helped question
hegemonic interpretations of who holds knowledge and where knowledge derives from in
science learning. This study’s design and analysis was grounded in six assumptions that
represented the value I place on students’ home, cultural, and community knowledge (Hogg,
2011) to redefine what is considered a valid source of science knowledge and scientific data
(Cowie et al., 2011):

1. Learning occurs in social environments where individuals bring their cultural

perspectives and engage in interactions that lead to a common consensus (John-
Steiner & Mahn, 1996).
2. Students have developed epistemologies based on their life experiences, and these

epistemologies are relevant to science learning (Hammer & Elby, 2013).
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3. Students and families are sources of information and learning that can serve to better
inform classroom practices (Moll, 1990; Moll et al., 1992).
4. Students’ stories and experiences are valid sources of scientific data, whether they
can be generalized or not (Barton, 2003)
5. Classrooms should serve as spaces for student empowerment by providing new
perspectives on science learning and ways of science teaching (Dimick, 2012).
6. Students should engage in real-world scientific investigations and problem-solving
about issues important to them and their communities (Bellino & Adams, 2017).
As presented, these stated assumptions were not only grounded in and supported by existing
literature, but they were also driven by my own experiences as a Black woman scientist, science
educator, and community researcher. Accordingly, the subsequent section provides a synopsis of
my history in science and positionality in this work, followed by an overview of the significance
of this study, and concludes with an outline of this dissertation.
How I Come to This Work
I obtained my bachelor of science from Hampton University, a historically Black
university in Hampton, Virginia, where I studied marine and environmental science. In the
confines of my university—where the people around me were all shades of Black and Brown—I
felt as though my voice, experiences, and cultural identities were heard and recognized in
relation to my science research. When I attended larger science conferences, however, I felt as
though these aspects were habitually ignored and overshadowed by the experiences, cultures, and
identities of my white colleagues. In these spaces, I realized science itself is not acultural (Bang
& Medin, 2010) and traditionally reflects Eurocentric values that did not relate to me or my life.

As a result of these experiences, I began to struggle with the idea of science as an unbiased field
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and I began to question my place in it. I took these sentiments into the classroom with me when I
began to teach seventh-grade life science at a predominately Black Title 1 school.

Early on in my Ist year of teaching, I came to realize many of my students were
disinterested in science learning. As a subject that was so exciting for me personally, I struggled
with the idea that students perceived it as their least favorite class. As I conversed with my
students about their past experiences in science, I realized many had failed to be taught the
relevance and necessity of science outside of passing a class or statewide test. Students described
seeing science and their personal lives as two independent entities that did not connect. These
students were failed; failed to be taught the significance and application of science in multiple
aspects of their lives.

While spending time lesson planning, I sat baffled at the district-mandated curriculum
map for the next unit—high-level abstract concept after high-level abstract concept. Growing
frustrated the further I read, I said to out loud, “This is so boring.” At that moment, I realized the
curriculum I was engaging my students in was monotonous, lackluster, and frankly completely
unrelated to almost anything they would find useful. As a result, I began to work toward
restructuring my curriculum to meet district standards, while also using pedagogical and
curricular practices that engaged my students in investigations of scientific phenomena in the
context of their community. For example, when teaching the water cycle, students investigated
water pollution as an issue of environmental justice. Students collected and analyzed water
samples from a local water basin and compared the results to an analysis of samples from a lake
located in a predominantly white neighborhood in a neighboring city. Not only were students
engaged in the work, but they expressed disgust in water quality differences between the sites.

Students provided me with their interpretations about why they believed these differences existed
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and possible solutions on how to address the issues. After this lesson, students were fueled by a
newfound understanding of the effects by site pollution sources on the water quality in their
neighborhood.

Based on this experience, bounding phenomena in the context of the local community has
become important to my conceptualizations of effective and relevant science teaching and
learning. I come to this work grounded in a SJ lens, and view science education to address issues
of equity, power, and institutionalized oppression in the context of scientific phenomena.
Further, I believe in using student prior knowledge and including a multitude of epistemologies
in classroom learning, educators “position youth as transformative intellectuals poised to see and
leverage science as catalyst for change” (Davis & Schaeffer, 2019, p. 369) by “centering what
youth bring — rather than what they lack — [to] recourse how we think about the purposes and
goals of science education” (Barton, 2003, p. 33). My SJ lens provided the foundation for critical
research that challenges ingrained assumptions in traditional science education spaces by
empowering teachers to transform their curricular and pedagogical practices to support grounded
student learning. Further, this work empowers students with authority, autonomy, care, support,
and validation to see their knowledge and experiences as significant to science learning; all
essential elements of an effective community-based science classroom.

Science educators, like me, have long recognized prominent issues of equity, particularly
among students from marginalized communities regarding their participation in science
education and pursuing science as a career (Barton & Upadhyay, 2010). Addressing power
dynamics in science—including the power of knowledge, voice, and interpretation—can change
the way SoC make meaning of science, engage in science, and negotiate space for themselves in

science (Aikenhead, 1996; Barton et al., 2008; Emdin, 2016; Tan & Barton, 2010). As such, I
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sought to develop curricular and pedagogical features that employed students’ prior knowledge
as resources in learning to engage students in active learning where science has meaning in
multiple settings through the CSB curriculum. Overall, my view of science education views
learning not as a process where the teacher transmits information to students, but instead as a
space where learning is reciprocal, and all classroom community members are engaged in
knowledge construction.
Study Significance

There has been a vast amount of research that has alluded to the need for critical science
learning through a lens of culture, power, and justice, along with research that has critiqued and
investigated depoliticized and decontextualized pedagogies (Aikenhead & Michell, 2011; Bang
et al., 2010; Bellino & Adams, 2017). However, Davis and Schaeffer (2019) called for more
research that investigates the process of creating, and the impact of designed curriculum and
pedagogies that promote the development of a justice-focused science agency and increased
meaning-making for students, especially in locally specific ways. As Dimick (2012) noted,
existing literature presents “few examples of attempts to teach with social-justice oriented
pedagogies or curricula in science education school settings,” (p. 993). This study sought to
address this much needed area of research. Although strategies (e.g., culturally relevant
pedagogy, place-based education, and community-based education) have made great strides to
include students’ prior knowledge and local environments in science teaching (a point of which I
elaborate on in Chapter 2), a discontinuity in the goals of these strategies and populations they
serve remains in the field (Brkich, 2014). Collectively, too little is known about how students
who grow up in complex urban environments view and experience their world (Bellino &

Adams, 2017). Educators and researchers fail, by and large, to identify and consider the oft-
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differentiating historical cultural practices and relationships with nature that students and their
families hold; thus, this study further sought to understand these views and experiences through
an investigation of students’ conceptualizations of local EJ and SJ issues.

Although the “why” has been thoroughly investigated in science education literature
regarding the benefits of the inclusion of students’ FoK and locally relevant issues in science
education, evidence of the how—especially in the urban setting—remains few and far between.
With research calling for locally centered science curriculum through SJ lenses, there is a need
for more empirical studies that investigate these practices in different environmental contexts
(Davis & Schaeffer, 2019; Lim & Barton, 2006). Prior research still leaves researcher—
practitioners with unanswered questions about how community-based, justice-centered curricular
approaches actively impact Black and Latinx students, and how historically Indigenous
community-based practices can be transformed and contextualized in urban schools (e.g., Brkich,
2014).

This study addressed this under-theorized and under-researched area of science education
by centering community-based EJ and SJ curricular and pedagogical practices in the context of
an urban school of color. In supporting student investigations of the intersecting and multifaceted
ecological and social factors comprise urban spaces, and the systemic political practices and
decisions that perpetuate pollution in these communities, I further empirical understandings of
how curriculum can be designed to use and affirm students’ FoK in science learning, and how
students conceptualize these FoKs to connect school science and their out-of-school lives. As
such, this work empowers teachers with structures and strategies to ground their curricular and

pedagogical practices in more relevant and meaningful contexts for their students and create
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classroom environments where students’ outside lives and experiences are viewed as assets,
rather than deficits, in the contexts of formal learning.
Dissertation Overview

The dissertation provides empirical evidence of innovative science curricular design that
supports the inclusion of the community cultural wealth (Yosso, 2014) found in urban
communities of color in learning, and an overview of how students use this wealth to
conceptualize local issues of EJ and SJ. In Chapter 2, I provide an overview of my theoretical
framework, sociocultural theory, epistemological framework, constructivism, and conceptual
framework, FoK that supported the design of this curriculum, and my approaches to data
collection and data analysis. I also provide an overview of empirical research on the current state
of “school science” for students of color, followed by a discussion of curricular strategies in
research and practice that work to include students’ everyday experiences in science learning.
Chapter 3 provides a description of my methodological approach of codesign and my data
collection methods, sources, and analytic approach. Findings in Chapter 4 present an in-depth
analysis of the features of the curriculum designed by Ms. V and me, specifically examining
their purpose in practice and how they served to engage students’ FoK in science learning.
Following this analysis, I explore how, based on these designs, Ms. V and I developed what I
characterized as “communicative signals” in dialogue to support students’ use of their FoK in
classroom talk. In Chapter 5, I present evidence of the ways students’ conceptualizations of
environmental and SJ issues in their communities were reflected when they engaged in
community-based curriculum. Lastly, Chapter 6 offers a recap of my efforts and aims to connect
findings from this study to relevant literature. In this chapter, I also present suggestions for

research, practice, and future work that investigates the use of community-based science
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practices in urban school environments. Collectively, through this dissertation, I aim to
demonstrate how we, science educators, can advance our understanding of how to design science
curriculum to support relevance, agency, and engaged learning opportunities for Black and

Brown students through investigations of science in their own backyards.
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CHAPTER 2: LITERATURE REVIEW

In this chapter, I provide an overview of the theoretical and conceptual frameworks that
guided this study, as well as relevant empirical research on science education for students of
color. I begin with an overview of sociocultural theory, and how it promotes equitable science
teaching and learning, followed by an overview of my guiding epistemological framework,
constructivism, and my conceptual framework, funds of knowledge (FoK). Following, I provide
a synopsis of the Next Generation Science Standards (NGSS), examine relevant empirical
literature around school science practices, the political nature of science learning, linguistic and
cultural resources use in learning, and current strategies for the inclusion of students’ everyday
lived experiences in science. Lastly, I rationalize my conceptualization of community-based
science (CBS) learning. The methodological approach to this study, design-based research, as
well as the relevant literature that informs this approach, is discussed in Chapter 3.

Theoretical and Conceptual Guidance

In the sociocultural view, what matters to learning and doing science is primarily the

socially learned cultural traditions of what kinds of discourses and representation are

useful and how to use them. (Lemke, 2001, p. 298)

In this section, I argue the benefits of sociocultural and constructivist perspectives in
science to position learning as a social process that uses and validates the cultural understandings
and conceptualizations of all students in knowledge construction. Further, I analyze how the use
of FoK in science classrooms can serve to connect the lived experiences of students of color

(SoC) and school science content.
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Sociocultural Theory: A Theoretical Framework

Considering sociocultural perspectives to investigate the role of culture, interaction, and
collaboration in learning is important for practitioners when investigating learning processes and
knowledge construction for SoC (Polly et al., 2017). Sociocultural theory emphasizes the
interaction and interdependence of social and individual processes in the construction of
knowledge in cultural contexts (John-Steiner & Mahn, 1996; Polly et al., 2017; Ryu & Sandoval,
2011; Vygotsky 1978). Culture, in this sense, is defined as historical practices developed and
shaped by communities using certain tools, social norms, and social practices in activity to which
individuals enculturate (John-Steiner & Mahn, 1996; King, 2012; Lave & Wenger, 1991; Nasir
et al., 2006; Polly et al., 2017; Saxe, 2004; Vygotsky, 1978).

Educational systems, specifically, reflect the larger social systems where they are situated
(Brown, 2019; John-Steiner & Mahn, 1996). When students enter educational systems, they are
often forced to abandon their own cultural views that challenge dominant and hegemonic
educational thinking and enculturate into the norms and practices of the system (Nasir et al.,
2006). Sociocultural approaches to learning problematize this enculturation by considering ways
in which knowledge construction is “internalized, appropriated, transmitted or transformed in
formal and informal learning settings” (John-Steiner & Mahn, 1996, p. 196), and used by
individuals to cross cultural barriers (Leach & Scott, 2003). The situative perspective of
sociocultural theory furthers this problematization, by positioning learning and knowing as
situated in students’ social and material contexts (Brown et al., 1989; Lave, 1993).

In science education, sociocultural theory has been conceptualized through three
perspectives. First, sociocultural theoretical perspectives can be used in research and practice to

actualize diversity and inclusion in science education. Science classrooms can serve as spaces of
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cultural conflict, implying western ways and cultural norms that benefit a particular group as the
“right” way of understanding, while viewing the language and culture of those outside that group
as not having intellectual depth or scientific value (Brown, 2019; Meyer & Crawford, 2011).
Sociocultural practices, however, recognize the varied historical and cultural communities that
influence student knowledge construction (Brand et al., 2006; John-Steiner & Mahn, 1996;
Miller, 2010), and acknowledge how these differences lead to variations in knowledge
development and learning (Polly et al., 2017).

Second, sociocultural theory can support individuals in conceptualizing the
reorganization of norms and practices in science classrooms. Science curriculum is often
accompanied by a hidden curriculum that includes certain participatory structures with clear
social norms and roles (Apple, 1986; Cobb et al., 2001) that privilege normative and hegemonic
discourse and knowledge (Brown, 2019). Sociocultural perspectives challenge these dominate
norms in favor of including the linguistic, cultural, and community practices of all students
(Meyer & Crawford, 2011). As such, traditional classroom structures are shifted from
positioning teachers as the primary sources of knowledge, to student-centered approaches where
teachers serve as facilitators of learning (Brown & Crippin, 2017; Meyer & Crawford, 2011;
Nasir et al., 2006). The reorganization of norms and practices form dynamic classroom cultures
that invite and validate all cultural and linguistic backgrounds and understandings (Meyer &
Crawford, 2011; Nasir et al., 2006), and household and community FoK in instruction (Barton et
al., 2004; Gonzalez et al., 2006; Moll, 1990).

Lastly, a sociocultural lens can be used to theorize equitable and just participation in
learning. According to the situative perspective, where something is learned shapes where it is

used (Nasir, 2002). As science learning is often viewed as occurring only in formal classroom
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settings, students are positioned to view science concepts as only relevant in classroom spaces. A
sociocultural lens in science situates learning in students’ everyday social practices and activity
to avoid separating the individual as a science learner from science learning as participation in a
social world and practice (Lave & Wenger, 1991). Unfortunately, science learning in the social
world often direct contradicts the concepts, culture, and language used in formal school science
(Barton & Tan, 2009; Brickhouse et al., 2000; Leach & Scott, 2003; Lee, 2003), discouraging
SoC participation due to difficulties in cultural “border crossing” (Aikenhead, 2001; Brand et al.,
2006). Sociocultural theory serves to validate and encourage student participation (Brand et al.,
2006) by deconstructing and negotiating classroom roles (Meyer & Crawford, 2011), positioning
knowledge construction as shared among all members (King, 2012), and viewing learning is a
dynamic exchange (Polly et al., 2017).

My conceptualization of CBS learning, as further described in this chapter, bridges
sociocultural theory in practice by not only connecting community, culture, and school science,
but also creating more equitable participation structures through reframing notions of who holds
knowledge, who learns, and who is considered scientifically literate. The foundation of
community-based design lies in the collective, active participation of all members in the learning
process (Bang & Medin, 2010), allowing for the negotiation of participation roles and valuing
different cultural and social ways of learning (Barton et al., 2008). Through new forms of
legitimate participation in CBS, students work together to generate science knowledge and
discourses (Barton et al., 2008), and foster negotiations between traditionally privileged forms of
school science knowledge and nonhegemonic forms of knowledge that arise from daily

participation in community life (Roth & Lee, 2004).
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Constructivism: An Epistemological Framework

Researchers and educators alike have described a primary criticism of current science
teaching and pedagogical practice as the passiveness of the learner in the learning process
(Baysen & Baysen, 2017). Despite this criticism, students are expected to understand concepts
from “ready-to-use” formats (Seimears et al., 2012) to perform well in their science class.
Constructivism, as an epistemological framework, disputes this model of learning by concerning
itself with the ways knowledge and knowledge acquisition are conceptualized (Amineh & Asl,
2015; Atwater, 1996; Duit, 1996). Contesting passive notions of learning, constructivism views
knowledge acquisition as a dynamic activity where students participate in the construction of
knowledge, and interpret new concepts based on their existing beliefs and experiences instead of
reconstructing previously developed knowledge (Amineh & Asl, 2015; Atwater, 1996; Duit,
1996; Gil-Perez et al., 2002; Seimears et al., 2012). In science education, specifically,
constructivist perspectives view learning as an “active, social process of making sense of
experiences” (Seimears et al., 2012, p. 269), as opposed to traditional notions that view science
as the learning of absolute truths.

Based on Vygotsky’s (1978) view that cognitive development transpires, first, on a social
level and then in the individual, social constructivism—a subset of constructivism—yviews
learning as a social process where conceptual understanding, meaning, and significance develop
along with others in sociocultural contexts, based on the norms of the communities of which the
person is a member (Amineh & Asl, 2015; Atwater, 1996). When students enter a science
classroom, they come bearing knowledge based on their life experiences through which they
conceptualize science concepts. Classrooms, therefore, should serve as social spaces where

students can use their knowledge to foster collective learning experiences. A social constructivist
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epistemology lent itself to my essential reasoning behind the importance of collective
participation in science learning over the individual attainment of concept knowledge, and the
valuing of student’s prior knowledge and experiences in CBS. Participating in sociocultural-
based, community-relevant, CBS practices sets students up for lifelong participation in science
by situating learning as closely associated with participation in their social worlds (Lave, 1993).
Funds of Knowledge: A Conceptual Framework

Traditionally, SoC learn universal views of science through curricula that reproduce
dominant culture by dismissing social scientific practices learned through cultural contexts
(Verdin et al., 2016). Often, this dismissal results in student success in science at the expense of
their cultural identity (Hogg, 2011). In response to these observations, science education research
has endorsed the use of students’ lived experiences to foster learning in classroom contexts
(Bang et al., 2010; Bang & Medin, 2010; Barton & Tan, 2009, Barton et al., 2008; Basu &
Barton, 2007; Bellino & Adams, 2014, 2017; Bouillon & Gomez, 2001; Brkich, 2014; Emdin,
2016; Hogg, 2011; Roth & Lee, 2004; Silseth & Erstad, 2018) and has called for curriculum and
instruction to engage student in relevant investigations (Bricker et al., 2014; Brown, 2019) that
create authentic experiences in science (Verdin et al., 2016).

A FoK framework has been used in much of this research to address the disconnect
between school, home, and community life (Bouillion & Gomez, 2001). Coined by Moll et al.
(1992), FoK capitalizes on the multigenerational knowledge and skills students acquire from
their households and communities that go untapped in schools. Based on the idea that individuals
have knowledge based on their life experiences (Gonzalez & Moll, 2002), the use of FoK in
schools serves to redefine students and families as sources of learning that can inform classroom

practice (Moll, 1990). In using student FoK, educators contextualize instruction in the
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understandings students develop from their life experiences (Irish & Kang, 2018), and the issues
students see as relevant to their lives (Gonzalez & Moll, 2002; Silseth & Erstad, 2018), to
validate their knowledge and life values (Hogg, 2011).

FoK, in relation to science, has been conceptualized in the literature two ways. First, the
use of student FoK in the third space (Barton & Tan, 2009; Moje et al., 2004) has been theorized
to provide a clearer transition between students’ lives and science learning by challenging the
boundaries and confines of school science. The third space is defined as a socially coconstructed
“navigational space” that expands the boundaries of official school discourse by linking
marginalized FoK and discourses with academic FoK and discourses to make meaning of
academic content (Moje et al., 2004). The socially coconstructed third space allows for everyday
discourse to mobilize in formal school discourse (Silseth, 2018), and creates new means of
participation and engagement in science learning.

In another perspective, FoK are used in science learning as a function to better
understand canonical concepts by serving as “cognitive and cultural resources that might support
students when they are dealing with academic content” (Silseth & Erstad, 2018, p. 6). In a study
by Silseth and Erstad (2018), which looked at the different ways teachers created learning
situations that mediated student FoK in the classroom, they found teachers most frequently and
successfully were able to orient instruction to the local community and students’ everyday
practices as resources to support concept learning. Their study backed our understanding of the
importance of FoK to scaffold science learning through engagement in locally contextualized
instruction to support the learning of formal science content. The inclusion of FoK in teaching
and learning serves to dismantle pedagogical and curricular models that silence students in

instruction (Seiler, 2001) by viewing students’ FoK as powerful and valued capital in learning
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(Basu & Barton, 2007). By bridging in-and-out of school science learning to enhance student
engagement in science (Grant & Sleeter, 2007), we break traditional barriers of “what counts as
science, and who can do science” (Cowie et al., 2011, p. 358) in classroom instruction.

In conjunction with Gonzalez (2006), it is important to note that by using student’s FoK,
I was not trying to simply reproduce knowledge they developed in their social worlds. Instead, I
drew upon that knowledge to legitimize and validate their experiences and build upon these
forms of community cultural wealth (Yosso, 2014) to inform their science learning. As this study
examined the features of design that supported the engagement of students’ community and
cultural capital, and how students conceptualize environmental justice (EJ) and social justice (SJ)
issues in their community using that capital, a FoK framework served in emphasizing the
integration of “everyday resources with disciplinary learning to construct new . . . practices that
merge the different aspects of knowledge and ways of knowing offered in a variety of spaces”
(Moje et al., 2004, p. 44).

Empirical Research Insights

Yet, the problem for many students from nondominant groups is that they find school

science curricula, instructional practices, and school science culture to be rigid,

predetermined, and exclusionary of their values and experiences. (Upadhyay et al., 2017,

p. 2530)

In this first section of this chapter, I provided insight into the theoretical and conceptual
guidance of this dissertation study. I offered evidence as to how sociocultural theory and
constructivism serve as lenses to view learning as a social process that values the structures and
circumstances through which knowledge is constructed, and how the inclusion of student FoK in

teaching and learning can serve as a bridge between students’ lived experiences and school
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science education. In this next section, I describe the goals of the NGSS, a set of research-based
science standards, in relation to this study, discern how relevant empirical literature around
school science has used these theoretical and conceptual ideologies in practice, and provide
critiques of current classroom practices that I believe our CBS curriculum can address.
NGSS

The NGSS advocate for teachers to adapt instructional practice to address problems in the
world by providing educators with the flexibility to design classroom-learning experiences that
stimulate students’ interest, and appeal to their surrounding environments. Appendix D of the
NGSS (2013) states:

Strategies that involve the community underscore the importance of connecting the

school science curriculum to the students’ lives and the community in which they live. It

is through these connections that students who have traditionally been alienated from

science recognize science as relevant to their lives and future. (p. 9)
NGSS’ attention to the centrality of students’ lives and community in formal science learning
points to the recognized need to create further connections between classroom and community to
support students in taking intellectual agency over what counts as knowledge in their classroom
(Pruitt, 2014). Connecting classroom and community is especially important for Indigenous
students and students of color, as their worldviews and experiences have traditionally been
alienated in favor of a Eurocentric version of school science (Aikenhead & Michell, 2011).

Despite NGSS’ attempts to demonstrate the importance of in-and-out of school
connections in science, like many of the standards currently guiding K—12 teaching, the
standards fail to specify how pedagogy and curriculum design can bridge school science and

students’ lives, as well as how teachers can navigate the social, political, and ethical dimensions
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of science learning. Specifically, the NGSS fall short of supporting transformative educational
opportunities for SoC in three ways. First, the NGSS presents harms of scientific enterprise and
the distribution of those harms in the neoliberal ideologies; thus, it can be argued that when
teachers use these standards in instruction, they are also maintaining the status quo (Morales-
Doyle et al., 2019). Second, the standards do not address the social and political facets of
environmental issues, as environmental challenges are undertaken from the universal perspective
(Feinstein & Kirchgasler, 2015). As such, the conceptualization of the environment is presented
as an entity separate from people, with agency is ascribed to action rather than people (Hufnagel
et al., 2018). Finally, the NGSS aligns accessibility with equality, maintaining configurations in
instruction that do not interrogate structural inequities nor represent diverse perspectives or
epistemologies (Bang & Marin, 2015; Hoeg & Bencze, 2017; Rodriguez, 2015). Combined,
these shortcomings in the NGSS create gaps in instruction that teachers are forced to fill in hope
to create curricular materials and lessons designed to be relevant for SoC.

The CBS codesigned curriculum developed for this study sought to fill these gaps by
designing specific curricular features that connect classroom concepts to the contexts of the
everyday lives of SoC, specifically focusing on the spaces students and places students inhabit
and interact in in science. In using these approaches, our goal was to help students scientize their
daily lives. Drawing from Clegg and Kolodner (2014), to scientize students’ lives means to
recognize the relevance of science in the everyday activity’s students participate in by engaging
in inquiry-based thinking around these activities. As further described in Chapter 4, scientizing
students’ lives includes developing a set of practices and a disposition in teaching and learning

that students can use as the encounter new world experiences. These practices include pursuing
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interests, asking questions, considering causality in phenomenon, and investigating hypotheses
(Ahn et al., 2016).
Contextualizing “School Science” for Students of Color

Mary Montel Bacon has presented a theory in education research known as the
generational education dilemma. This theory claims current educational system conditions,
which have led to the norm of inequitable education for SoC, are a result of historical oppression
(Brown, 2019). In science education, specifically, the validity of this theory can be examined
through the historical “stereotyping, linguistic prejudice, and cultural conflict that undermine a
school’s capacity to provide an effective education for all . . . [with] science that is taught today
reflect[ing] generations of science teaching taught with a single audience in mind” (Brown, 2019
p. 4). Therefore, models of teaching “reinforce a tradition that does not do right by all students”
(Emdin, 2016, p. 7). Despite society’s increasing diversity, diversity in the teaching force has
begun to decrease (Brkich, 2014), leading to classroom spaces where the lives of teachers and
students are incongruent. In urban schools specifically, there are often a high number of white,
middle-class teachers in majority SoC classrooms. These teachers often do not understand SoCs
“unique ways of constructing knowledge, use[ing] distinct modes of community . . . and
hold[ing] cultural understandings that vary from established norms” (Emdin, 2016 p. 8).

Many urban SoC share similar perceptions of their school science experiences, similar to
the testament of one student who told me how science was not important to him because he
“doesn’t want to be a scientist or biologist” (Field Notes, March 15, 2019). The current
conditions of school science (Brickhouse et al., 2000) define narrow and objective forms of
expertise, leading to cultural misalignments between community and school (Dillon, 2009;

Emdin, 2016; Gilbert, 2006). These cultural misalignments often lead to the mischaracterization

26



of SoC as uninterested in schooling and education (Gorski, 2013). Barton (2003) argued,
however, educators must consider the whole lives of the children they teach to teach science
from an SJ perspective—including the experiences and prior knowledge they bring to the
classroom—and know how that knowledge is “tied to the very sociopolitical power structures
that drive science education and society” (p. 118).

In education, curriculum is usually described as a process that helps plan formal
educational activities; however, curriculum can also be defined as a praxis, which has “embodied
values, thinking abilities and intended actions” (Bell et al., 2016, p. 4). In curriculum, there is
often a “hidden curriculum” with unintended influences on activity, dialogue, and learning. How
educators view expertise in this hidden curriculum can disenfranchise certain groups of students
due to cultural misalignments, while simultaneously attempting to advocate for equity and school
improvement (Emdin, 2016). Linking community to the curriculum and teaching framework,
however, has been put forward to construct science as relevant in local contexts (Bell et al.,
2016; Brown & Crippin, 2017), embrace the convolution of space and place and their collective
impact (Emdin, 2016) and promote equity in teaching and learning. In these links, the inclusion
of linguistic and cultural resources as capital for learning has been seen as essential steps toward
making school science a more applicable topic for SoC (Silseth & Erstad, 2018).

Linguistic and Cultural Resources in Science

Irish and Kang (2018) posited the facilitation of student connections with their FoK must
begin at the curricular level and be supported by the discourse practices of the teacher. The terms
“scientific” and “everyday” are often framed in dichotomous terms, with the first seen as a
privileged form of objectivity, and the latter seen in terms of ambiguity and subjectivity (Warren

et al., 2001). For children who grow up being labeled as disadvantaged, these dichotomies
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devalue their methods of knowing and verbalizing, and see them as juxtaposed to those
traditionally esteemed in school science. In out-of-school contexts, students develop ways to talk
about, and explain, scientific phenomenon through colloquial, nonscientific language (Brown,
2019; Gomez, 2007). Although this language may not be considered ‘scientific,” their descriptive
ways of justification have logic, despite their vocabulary and conceptual framing (Gomez, 2007).
In failing to respect idiomatic understandings in classroom discourse, teachers fail to understand
the intelligence of those who have incredible ideas “simply because they are using language that
we do not associate with brilliance” (Brown, 2019, p. 86).

The language used in science is often in juxtaposition to students’ idiomatic
understandings and can serve as a gatekeeper to interactions that produce inequities in science
education (Brown, 2019). Too frequently, canonical science concepts and curricular materials
illustrate the language and culture of SoC are not valued, and do not hold scientific depth or
intellectual benefit (Boutte et al., 2010). Science curriculum and instruction, therefore, necessary
for science curriculum and instruction to reorganize the ways in which language, culture and
cognition are valued in shaping teaching and learning (Warren et al., 2001) to extend knowledge
beyond the walls of the classroom (Tolbert et al., 2017). Science teachers must understand how
to interpret and translate scientific discourse into colloquial language (Gomez, 2007) to redefine
what counts as scientific literacy and who is seen as scientifically literate.

In science classroom learning and conversation, students are often bombarded with
foreign scientific terms they are expected to understand and use in classroom discussion (Brown,
2019; Warren et al., 2001). This can limit student participation in classroom dialogue, as they are
unable to articulate knowledge in expected linguistic formations (Gomez, 2007). Teachers,

however, can use pedagogical practices that recognize the linguistic and cultural resources of
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their students, leading to increased participation through the inclusion of FoK in learning (Moje
et al., 2001). Although a student’s verbalization of a concept may not be considered scientifically
correct, the student’s conceptualizations can be used as a pathway toward understanding (Boutte
et al., 2010).

Students’ accounts of everyday experiences to support their understanding of scientific
phenomenon cannot only help to uncover previously unnoted aspects of the phenomenon, but
also generate space to see and interpret phenomenon differently (Warren et al., 2000). diSessa
and Sherin (1998) argued when students are allowed to produce their own understandings, their
descriptions often mirror the scientific concepts intended to be taught. Brown’s (2019) work has
documented students are often able to describe scientific concepts and phenomena without the
use of complex science language. He described how the challenge is not always students’
understanding the scientific concepts themselves, but the teacher’s ability to recognize their
understandings by disaggregating language and concept. When a teacher’s epistemological and
curricular practices agree with the idea that scientific concepts can be represented through
multiple discourses and value students’ social and cultural capital, they can begin to change their
views of SoC as scientists and science learners. Although I recognize the social and cultural
capital, knowledge, and conceptualizations students bring to science classrooms are not
unproblematic nor one-directional (Gutiérrez & Arzubiaga, 2012; Philip et al., 2013), teaching
and learning must not negate the necessity of supporting and situating expertise in students and
communities.

Curricular design must work toward valuing the social and cultural capital and relevant
linguistic assets students use to express themselves (Brown, 2019) to make community curricular

(Zipin et al., 2012). In “valu[ing] the cognitive resources embedded in students’ modes of
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communicating” (Brown, 2019, p. 58), educators no longer view their cultural understandings in
competition with scientific conceptualizations of phenomenon, thereby reorganizing instructional
practice to support learning (Meyer & Crawford, 2011). Science educators and researchers
should not privilege disciplinary science, but instead foster situations that allow for different
linguistic assets to be negotiated, used, and affirmed to address problems of community life
(Roth & Lee, 2002) and support lifelong participation and learning in and about collective
community issues (Roth & Lee, 2004). In respecting community and culture in learning,
educators and researcher create an atmosphere that breaks the contested boundaries of what
language is considered scientifically acceptable, and how we value different identities, beliefs,
realities, and histories in science learning (Boutte et al., 2010).
Science as Political

Science is not only a way of thinking about the world, but also a political activity—
meaning “the doing of science” (Barton, 2003 p. 136) is framed around power, status, and
influence in its history, practice, and implications. As such, the political nature of science
teaching and learning affects: (a) opportunities for youth to apply scientific ideas to the contexts
of their lives; (b) students’ ability to demonstrate and investigate the ways science is connected
to larger environmental, cultural, political, and social issues; and (c) the value of students’
personal and community stories as significant contributions to how, why, and when science is
done. Stories, as described by Witherell and Nodding (1991), are powertful tools that afford
researchers insight into the realities of people’s lives. In science learning, stories provide
educators with an understanding of one’s personal identity and cultural context to communicate
understanding and experience. The enactment of these stories, along with the inclusion of

students’ FoK in science learning, allow students to negotiate power dynamics in the classroom

30



by countering hegemonic notions through the inclusion of their prior knowledge and community
resources to support active learning (North, 2015).

In this study, my approach toward curriculum design centered the ways in which
scientific phenomena are experienced by the students in their community. This approach
included the cultural, historical, and sociopolitical dimensions of these phenomena that interact
with the scientific dimensions. I speculate the use of CBS, as further defined later in this chapter,
can work toward dismantling political hierarchies of power, status, and influence in science
practice by situating learning and productive practice as generating new forms of engagement
and knowledge (Bang et al., 2010) with the goal of creating larger social transformation
(Morales-Doyle, 2017).

Strategies for the Inclusion of “Everyday Lived Experiences” in Science Education
Viewing the funds and discourses students have as valuable resources that can be
recruited for school science allows not only for a smoother transition between students’
life worlds and the science classroom, but more importantly, it also challenges the tight
boundaries of school science funds and discourse to be more fluid and porous. (Barton &
Tan, 2009, p. 3)

Traditionally, studies that have explored the inclusion of students’ everyday lived
experiences in science education have used one of three approaches: (a) culturally relevant
pedagogy, (b) place-based science, or (c) community-based design. Despite differences in
methodology, all three approaches concur that students’ social, linguistic, community and
cultural FoK should be used to support SoC understanding of science in their everyday lives
(Tan & Barton, 2010); teach science that develops from, and reflects the goals, values and

resources of the local community context (Bouillon & Gomez, 2001); and generate a school
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science environment in which knowledge is not static, but instead, “shared, recycled and
constructed” (Ladson-Billings, 1995, p. 481).
Culturally Relevant Pedagogy

The concept of culturally relevant pedagogy (CRP) was developed by Ladson Billings
(1995) to “empower students intellectually, socially, emotionally and politically by using cultural
referents to impart knowledge, skills and attitudes” (p. 18). Currently, CRP is used in classroom
contexts to make learning more relevant and meaningful for linguistically and culturally diverse
students by using their conceptualizations, prior experiences, cultural knowledge, and
performance styles as resources for learning (Bonner, 2009). Using an antideficit framework,
CRP contextualizes the cultural capital of students’ community and identity as valuable
resources that challenge inequitable school and societal structures and promote academic
achievement (Ladson-Billings, 2002). CRP has been used in a variety of studies on science
education in connection with SoC (Boutte et al., 2010; Brown et al., 2019; Brown & Crippen,
2017; Emdin, 2011), specifically focusing on how CRP validates students’ experiences and
worldviews, elicits their interest to make science relevant, and uses activities that explore and
draw upon the scientific FoK of their community spaces.

Boutte et al.’s (2010) study investigated the use of CRP in science instruction for Black
students to bridge school science instruction and their community realities and ways of knowing.
In one activity, they asked students to use personal references to develop analogies for scientific
terms of the cell structure. Students referenced the Black church using the theme Let the Cells
Say Amen, and pop culture using the theme What’s a Cell to a Cello? In another activity on
DNA sequencing, the researchers reinforced students’ knowledge and promoted cultural

relevance by having students identify selected blood disorders relevant to the Black community,
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such as sickle cell anemia. They then engaged in discussions around the implications of DNA
sequencing for activities such as paternity testing and crime solving. Overall, their use of CRP
served to move beyond the idea of a neutral, apolitical stance in science education, and instead
recognized there is no singular nor normative scientific viewpoint, but a “wide range of scientific
skills and ways of knowing that people display in their lived experiences in diverse
communities.” (p. 2010).

In Brown et al.’s (2019) study on teachers’ use of CRP science practices in an all-Black
urban school, they found teachers’ conceptualizations of CRP were often centered around using
real-life examples when teaching, and starting lessons by centering a problem in a context that
was applicable to students’ lives. For example, when one teacher taught a lesson about the sun
and energy, the foundational problem centered around students being made fun of for having
darker skin and more melanin. Their goal was to use students’ knowledge about melanin as a
resource for learning the beauty and value of having darker skin. They argued using CRP
allowed students to “gain a richer understanding of STEM and its connection to their local
communities” (Brown et al., 2019, p. 778).

Overall, these studies have all pointed to the benefit of using CRP as an antideficit
framework to engage the community and cultural resources of diverse students in science
education (Boutte et al., 2010). Although studies have eluded to Ladson-Billings (1995) laying
the theoretical groundwork for including the cultural ways of SoC in education, and working
toward dismantling dominant power structures, it has been argued that more work needs to go
“beyond rationalizing the need to include the linguistic, literate and cultural practices of our
communities meaningfully in educational spaces” (Paris & Alim, 2014, p. 88), and work toward

developing pedagogical frameworks that can be sustained in practice.
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Researchers, such as Sleeter (2012), have further reasoned a major critique of CRP in
practice. She stated CRP is often used in simplistic and limited ways, such as cultural
celebration, trivialization, and essentializing culture. Too often when CRP is used in schools,
SoC and immigrant student home cultures are celebrated, but not sufficiently used as resources
for their own learning (Nykiel-Herbert, 2010). CRP is regularly reduced to several steps to
follow for cultural inclusion and characterized by fixed and homogenous conceptualizations of
all members of an ethnic group culture “rather than understanding it as a paradigm for teaching
and learning” (Sleeter, 2012, p. 569).

Place-Based Science

Place-based education (PBE) has been used as an alternative science teaching method
that researchers believe can be sustained in practice to move away from isolated standardized
science instruction (Semken & Freeman, 2008). By using the local community and environment
as a starting point to teach concepts, PBE stresses hands-on, real-world learning experiences that
emphasize an understanding of natural phenomenon and science related social issues that are
relevant to student’s everyday life (Brkich, 2014).

The success of PBE for urban SoC has been documented in several studies (Adams et al.,
2014; Brkich, 2014; Buxton, 2010; Davis & Schaeffer, 2019). In a study of earth science
teaching in a fifth-grade classroom, Brkich (2014) used auto-driven photo elicitation to probe
students’ ideas of, “Where do you find earth science in your life” (p. 147)? Their study found
PBE provided direct connections to students’ lives through observable examples in the
community and indirect connections, such as the use of analogies for phenomena that cannot be
directly observed. Davis and Schaeffer (2019) conducted a study on the effects of place-based

science education on Black student meaning making of water and water justice in Michigan.
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Using a PBE unit called Water is Life, they leveraged conventional science content to help
students understand the properties of water, and PBE strategies to help students develop a deeper
understanding of their lived experiences with issues of water injustice, and the need for greater
change. Through classroom observations and interviews, they found PBE strategies allowed
students to use their experiences as a basis for socioscientific meaning making.

PBE research has also largely focused on out-of-school settings, as well as on teacher
education. In a study conducted at a nature-center program for low-income youth of color,
Buxton (2010) found statistically significant increases in students’ science content knowledge of
risk factors related to water in both the local and global context through critical PBE instruction.
He argued critical place-based pedagogy in science can help learners to increase their awareness
of social, political, economic, and environmental injustices, and work to “diminish inequities by
raising youth consciousness” (Buxton, 2010, p. 130). Adams et al. (2014) conducted a study on
preservice STEM teachers of Native American students and found teachers believed engaging in
PBE helped their students develop deeper knowledge, provided opportunities to connect
experiences, lead to greater retainment of content, and increased motivation in learning. Overall,
these studies (Adams et al., 2014; Buxton, 2010) offered strong evidence that PBE can be a
beneficial strategy to engaging students in real-world learning experiences that can enhance their
understanding of social issues.

Researchers such as Aikenhead (2006) have argued PBE in science teaching can be
problematic, as PBE focuses on preparing the teacher to be a “local expert” and “cultural
translator” rather than the student. Although being the “local expert” is beneficial for educators
who have local knowledge or come from the community, many teachers in urban communities of

color are not from and do not live in the community they teach. Therefore, they cannot act as
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these “cultural translators,” as they do not have familiarities that allow them to connect science
content to the lives of their students (Brkich, 2014). Although they may be able to empathize
with student experiences, they are not able to holistically understand how to use these
experiences to bridge science content and community life. As a result, the “disadvantaged” label
given to SoC, especially those of lower socioeconomic status, more accurately reflects the
“fundamental lack of alignment between their own funds of knowledge and those of the teacher”
(Hogg, 2011, p. 667) rather than an actual lack of understanding.
Community-Based Education

Community-based design (CBD) emerged, in large part, in the late 1980s from the work
of researchers at the Cheche Konnen Center. Their work has been dedicated to transforming
learning and teaching for students from nondominant communities, focusing on engaging in deep
and meaningful science leaning that can be used to navigate everyday life TERC, 2014).
Although some research has focused on the use of CBD is urban spaces (Bouillion & Gomez,
2001), research using this framework has primarily been used in Indigenous communities
(Aikenhead, 2011; Bang & Medin, 2010; Warren et al., 2001) to situate students as cultural
experts, and first extend community-based ways of knowing to then understand Western
conceptualizations (Bang & Medin, 2010). CBD works from in the ontologies of the community
(Bang et al., 2016), and rests on the participation of all community members in education to
address locally relevant scientific phenomena (Bang et al., 2010). In these community-based
practices, studies have alluded to the benefits of including youth participatory action research
tenets to create room for youth to exercise shared power in school spaces (Kirshner et al., 2011;

Kornblush et al., 2015).
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Bang et al. (2010) used CBD practices in their research on a forest ecology unit with
students of the Menominee people in Wisconsin. Through these practices, they saw a shift in
students from seeing science as a “body of knowledge,” to seeing science as a “set of practices
for learning about the world” (Bang et al., 2010, p. 16). In these shifts, conceptualizations of
culture in science transformed from being seen as an “add-on” in lesson plans, to a foundational
base from which science knowledge is built. Similarly, Bang and Marin (2015) studied how
science learning occurs in everyday nature—culture relations relative to waterways, with
Indigenous middle school children in a Chicago science summer program. They argued that due
to canonical science’s settled expectations of nature—culture relations, science learning far too
often restricts identity and agency for Indigenous students. Thus, they called for the need for
science education curriculum and practice to “empower and build from the ontological
heterogeneity reflective of peoples’ lived lives, particularly those historically dispossessed and
dominated” (Bang & Marin, 2015, p. 542).

Although the benefits of CBD in science have clearly been detailed in the literature, and
much research has illustrated the advantages of connecting science to students’ everyday lives,
much of this research has focused on connecting the “lived experiences of Indigenous
populations, and not the lived experiences of urban students of color” (Brkich, 2014, p. 143).
Therefore, there is a need to conceptualize these community-based frameworks and practices in
other settings and among other populations. In the smaller amount of research that has focused
on the use of community-based science curricula practices in urban environments with SoC, it
has been argued that the inclusion of EJ-focused CBS can be used to engage students in real-

world scientific investigations and problem solving as a means to anchor classroom instruction in
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their everyday lived experiences (Bellino & Adams, 2017), and engage SoC in a collective,
holistic, community-rich frame of thinking and learning
Community-Based Environmental Science as a Curricular Framework

Challeng[ing] epistemological hierarchies and mak[ing] space for critical, diverse and

lived accounts of scientific phenomena. (Davis & Schaeffer, 2019, p. 369)

Due to the impacts of structural racism, environmental injustice, and urban disinvestment,
urban school communities have seen massive restructuring and the development of significant EJ
and SJ issues (Green, 2018). People of color, those of lower socioeconomic status, Indigenous,
and immigrant populations are consistently disproportionately affected by environmental issues
in their communities (Pellow, 2016). Subsequently, researchers have sought for greater place-
based and community-based education strategies that address these SJ issues in science
education to link schools and the local community (Bang et al., 2010). When instruction is
contextualized in the local environment, in-and-out of school learning trajectories can be bought
together to provide students with a means to use their everyday experiences as tools to inquire
about curricular concepts (Silseth & Erstad, 2018).

Science Education as and for Participation in the Community

Despite the standards of “Science for All,” school science continues to remain largely
unchanged, focusing on everyday practice and ways of knowing in white, middle-class, and
hegemonic perspectives (Roth & Lee, 2004). All communities, no matter their location, have
specific issues that affect the daily lives of its members. When learning contextualizes around
these community-relevant issues, students are provided with more significant opportunities to
participate as active citizens by “contributing to the knowledge and representations available in,

and to, the community” (Roth & Lee, 2004, p. 272). In viewing science education as
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participation in the community, educators encourage students to investigate issues on their own
terms and in their own ways, using representational tools that best fit their needs.

From this perspective, the concept of community has an expansive and transformative
view guided by an SJ-focused science practice. This understanding of science as participation in
the community challenges deficit perspectives by incorporating diverse ways of knowing
(Tolbert et al., 2017) through a definition of community that includes not only the geographical
boundaries of the local area, but also the cultural epistemologies and historical ontologies of
students’ social and cultural environments. In doing this, educators challenge what is defined as
privileged forms of knowing and learning, leading to increased participation in science from
traditionally alienated students (Roth & Lee, 2004).

Further, when science is taught from community perspectives, students can discuss issues
in their own relevant frameworks and epistemologies, while engaging themselves in everyday
cultural practices, without the feeling of being “unscientific”’ (Aikenhead, 2011). When students
are involved in real-world community problem solving in school science, we transcend past
traditional approaches of preparing students for future science classes, to nuanced approaches of
engaging students in everyday, relevant science activities (Roth & Lee, 2004). We must consider
that science is not a matter of fact and fiction, but a collection of social experiences. There is a
need to reclassify science and scientific knowledge more broadly, as aspects of collective social
activity, and participation in community and cultural life.

Science Education as and for Social Justice

Studies have agreed to the undertheorizing of social justice in science education (Dimick,

2012; Morales-Doyle, 2017; Upadhyay, 2010), specifically for youth living in areas affected by

social, political, and environmental change (Tzou et al., 2010). With inequalities in science
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across gender, class, and race, educators have advised the importance of social transformation to
challenge inequality through science teaching and learning (Morales-Doyle, 2017). To do this,
studies have pointed toward the need to acknowledge and value the lived experiences and
narratives of urban youth as the first step toward science education for SJ (Tzou et al., 2010;
Upadhyay, 2010). For SoC specifically, SJ-focused pedagogies are important because: (a)
learning takes place in context, (b) students need to be able to see the connection between school
science and social contexts, and (c) community knowledge should be shared and respected as
assets in science classrooms (Upadhyay, 2010).

Although there is no single conceptual definition of SJ science education, researchers
have characterized pedagogical practices using this method of teaching in different ways.
Morales-Doyle (2017) conceptualized a justice-centered science pedagogy on a macro-scale as a
framework to address inequities in science education by challenging larger structures such as
white supremacy and neoliberal capitalism. His pedagogy draws from Ladson-Billings’ (1995)
CRP and addresses issues of race, racism, genderism, sexism, and economic exploitation by
focusing on the development of critical consciousness, and the praxis of social transformation to
decrease reproductive forms of assimilation.

On a more micro-scale, Dimick (2012) argued SJ science education fights against social
inequalities by creating more equitable access and opportunity for marginalized students to
participate in science and pursue science careers. In her conceptualization of SJ science
education, Dimick believed pedagogical practices should support active learning by drawing
upon students’ prior knowledge as resources in learning to critically assess curricula and
transform their public and personal environments. Her lens used three tenets of the student

empowerment framework: (a) social empowerment, (b) political empowerment, and (c)
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academic empowerment, to take an antideficit stance by providing students with opportunities to
negotiate participation roles, and share classroom authority (Verdin et al., 2016).

Finally, Davis and Schaeffer (2019) theorized a justice-oriented science pedagogy as a
response to the need for pedagogical models that “problematize privileged forms of science and
situate learning in the context of larger justice movements” (p. 369). By leveraging students’
FoK, and welcoming multiple epistemological ways of thinking in the classroom, this model
creates space for diverse and critical interpretations of scientific phenomena. In this framework,
students are positioned as “transformative intellectuals” (Davis & Schaeffer, 2019, p. 369) who
examine socioscientific issues that are of communal and personal importance and serve as actors
of change. This framework is especially relevant to SoC as it addresses historical oppression by
highlighting the interconnectedness of various domains of everyday life and scientific enterprise
and stresses the significance of merging science across contexts.

In my CBS framework, I drew from the more micro, socially focused justice-oriented
pedagogy of Davis and Schaeffer (2019) and student empowerment framework of Dimick
(2012). These frameworks take an active stance toward the inclusion of social justice in science
education, with a focus on local issues that are relevant to student’s daily lives. Although my
frame of CBS conceptualization draws from some of the central tenets of these frameworks, it
differs in its approach by focusing on both EJ and SJ issues. In aligning with the values of SJ
science education, my view of CBS negotiates what counts as knowledge in science classrooms
by drawing upon students’ FoK as resources for understanding how EJ and SJ issues are present
in their everyday lives. Extending ideas of place-based pedagogy, community-based education
and Dewey’s idea that learning most frequently and naturally occurs at the intersection of people,

purpose, and their local community (Harms & DePencier, 1996), I argue CBS orients
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community, and learning, to people, place, purpose, space, and reality (Buxton, 2010; Clark &
Gyles, in press; Emdin, 2016). Thus, my goals in CBS are to provide students with opportunities
to connect school science concepts to their lived experiences in relation to issues of EJ to foster
genuine purpose in science learning.
Goals of the Community-Based Science

CBS, which anchors science in locally and socially relevant phenomena to provide
students with opportunities to contribute and use their funds of knowledge in learning to
conceptualize canonical science content and address community injustices, is grounded in three
major goals (see Figure 1). Vetted in the literature, these goals support the ways I believe
students can and should be supported in engaging in more authentic science learning by
developing connections between school science and community through investigations of local

EJ and SJ issues.
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Figure 1

Goals of Community-Based Science
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Goal 1: Opportunities to Engage in Meaningful Science

The first goal of a CBS instruction is to provide students with opportunities to engage in
authentic science, specifically by addressing relevant EJ and SJ issues. Based on the work of
Barton (2001) and Davis and Schaeffer (2019), CBS curriculum seeks to go beyond solely
cognitive gains in learning. Built upon and informed by student prior knowledge and
experiences, CBS practices contextualize school science around real-world, community relevant
EJ and SJ investigations, presenting science as meaningful to students by addressing the context
of their everyday experiences in the classroom learning (Mallya et al., 2012). Through
engagement in CBS learning, students can construct their own understandings of EJ issues in
their community through the application of school science concepts (Aikenhead, 2006), moving
away from the traditional, predetermined set of scientific ways of understanding (Mallya et al.,

2012), to engaging in a collective, socially, and culturally contextualized way of understanding.
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In this sense, “there is a role reversal of sorts, that position the student as the expert in his or her
own teaching and learning, and the teacher as a learner” (Emdin, 2016 p. 59).
Goal 2: Developing Students’ Sense of Science Agency

The second goal of a CBS framed curriculum is the development of students’ science
agency. Specifically, this goal centers on how students use the content and concepts learned in
science classrooms to conceptualize their everyday occurrences and experiences of EJ.
Aikenhead (2006) coined the term humanistic science to conceptualize school science that is
student-oriented, practical, promotes human values, and connected to modern events in society.
Mallya et al. (2012) built on this idea to conceptualize science agency as students’ ability to
realize how science can be used to understand, reflect, make decisions, and take action to
transform community spaces. As such, I positioned CBS as building students’ science agency by
providing students space to leverage scientific ideas to ask questions, think, and speak more
critically about community happenings. These justice-oriented science practices in CBS aim to
challenge epistemological hierarchies by designing curriculum that develops student agency and
creates space for “critical, diverse, and lived accounts of scientific phenomena” (Davis &
Schaeffer, 2019, p. 369). It is important to note agency is complicated and contextual, and
students can sometimes have a hard time seeing themselves as having choices and being agents
of change (Mallya et al., 2012); thus, agency in CBS is also viewed as improvements in
understandings and articulations of EJ issues that students use to make sense of their lives.
Goal 3: Creating Space for Student Voice and Critical Reflection

Based on the tenets of empowerment as seen by Dimick’s (2012) research, the third
feature of a CBS curricular framework is the construction of space for student voice and critical

reflection in the classroom to help them better understand science in their everyday lives.
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Curriculum design should serve to help contextualize science in students’ outside lives by
creating space for them to use their voices, express their opinions, and engage in collaboration
and critical reflection around their views (Dimick, 2012; Emdin, 2016; Moore & Mallya, 2006),
to empower them as social and political beings and as academic intellectuals. In giving students
voice in their education and the space to use that voice, instruction can take steps toward
reducing the alienation some students feel toward science education (Jenkins, 2006) and instead,
provide them with opportunities to incorporate their words, thoughts, and ideas in instruction.
When students are given voice related to the teaching and learning of science, it opens space for
shared authority (Dimick, 2012) and provides opportunities to critically reflect and engage in
discourse around science relevance (Logan & Skamp, 2008).
Connecting It All Together

In an increasingly diverse society, there is a need to reframe science education to
consider the varied experiences of all students who are served. Sociocultural approaches to
science education support the reconceptualization and redesign of curriculum and instruction to
recognize the historical and cultural communities that influence student thinking and learning
(Miller, 2011). However, social constructivism views learning as an active social process
(Amineh & Asl, 2015) where knowledge is constructed based on students’ existing FoK (Duit,
1996). These FoK not only serve as important cognitive and cultural resources that support
students in understanding academic concepts (Silseth & Erstad, 2018), but also bridge everyday
life experiences with classroom practice to counter hegemonic notions through empowering
pedagogical practices (Barton & Tan, 2009; North, 2009). By including FoK in science

education, educators can promote perspectives of learning that give students voice and power in
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the classroom and build connections between science and their social and cultural contexts
(Upadhyay et al., 2017).

CRP, PBE, and CBD have all made strides to include sociocul